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Do you know a student 

interested in Natural 

Sciences and oriented to 

research-oriented profes-

sional careers? What 

about two? Let’s say 

twenty?  

The University of Puerto 

Rico in Ponce PRISE 

Program (UPR-PRISE) 

invites you, Science 

Teacher, to attend with 

up to 20 students from 

grades eleventh and 

twelfth to the first congress: 

“Welcoming: Future Scien-

tists 2013 ”, to be held in the 

University of Puerto Rico in 

Ponce on Saturday March 

23, 2013.   

The purpose of the congress 

is to advise students from 

Ponce’s High Schools in the 

opportunities that the Natu-

ral Sciences field offers; in-

troduce them to research 

labs techniques and envi-

ronment; and encourage 

them to consider pursuing  

graduate studies in one of 

the available branches. 

The activities will include: 

careers-oriented topics 

such as professions in the 

area of Natural Sciences; 

academic advice from suc-

cessful students; hands-on 

and virtual workshops in 

molecular biology tech-

niques; live science simu-

lations  and the opportuni-

ty for networking with 

college students and par-

ticipate in a ruffle. 

 

A t t e n d e e s  

s t u d e n t s 

will receive 

a Certificate 

of Participa-

tion.  

 

REGISTRATION DUE MARCH 8, 2013 

Activity aims: 

 Create awareness among 

Ponce’s high schools’ stu-

dents about research-

oriented careers in Natural 

Sciences and the opportuni-

ties for success in the field of 

interest.  

 Provide students with hands-on 

experiences, science simula-

tions and academic and social 

activities that will promote 

their interest in research-

oriented professions.  

  Award a student the opportuni-

ty to become a Scientist for a 

day! 

Activity date: Saturday 

March 23, 2013 
 

Welcoming  

Future Scientists  
2013 

U n i v e r s i t y  o f  P u e r t o  R i c o  i n  P o n c e  P R I S E  P r o g r a m  

How to Register your students? 
 

DUE TO LIMITED   
SPACES WE RECOM-

MEND YOU TO     
REGISTER YOUR 

STUDENTS AS SOON 
AS POSSIBLE.       

Thanks! 

Teachers will be requested to 

identify and  register students 

from the correspondent 

schools.  There is a limit of 

twenty students per school. 

We encourage that teachers 

select students  with a genu-

ine  interest and known 

potential in the discussed 

areas, for this unique oppor-

tunity.  The requested stu-

dents’ list will include:  Stu-

dents’ names, addresses, 

emails, and telephone      

numbers.Visit prise.uprp.edu  

Registration 

opens 

Registration 

Closes 

7 : 3 0a m 

 

8 : 4 5a m  

Opening  

Ceremony 
9 : 00a m 

Concurrent 

Sessions  
1 0 : 3 0a m  

Lunch  1 1 : 3 0 am 

Afternoon   
Concurrent 
Sessions 

1 : 0 0 pm 

Closing        

Remarks  
5 : 00 p m 

Itinerary at a Glance 

LIMITED SPACES      
      

      
      

   

Register to
day at    

      
      

      
    

http
://prise.uprp.edu 

Snacks and Lunch  

INCLUDED! 

“ The  New Research-PRISE” 

Office Phone: 787-844-8181 x 3085 

Office Hours: 8:00am - 4:00pm     

Fax: 787-290-4064 

 
Contact 
us:       

José Albelo, General Coordinator jose.albelo@upr.edu  / 787-974-1607 

Roberto Morales, Public Manager roberto.morales@upr.edu  /  787-673-6365 

Rafael Rivera, Registrar rafael.rivera30@upr.edu  /  787-532-2226 
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ABSTRACT 
Cells are constantly exposed to exogenous and 

endogenous sources of DNA damage. In the 

presence of genotoxic stress, the DNA damage 

checkpoint (DDC) signaling pathway contributes to 

genomic maintenance by promoting a transient cell-

cycle arrest and recruiting numerous repair proteins 

to the sites of lesions, thus maintaining genomic 

integrity. Slx4 is an evolutionarily conserved scaffold 

protein that is important for the cellular response to 

genotoxic stress. Slx4 interacts with several DNA 

repair factors and also with components of the DDC. 

Recently, our group showed that Slx4 in 

Saccharomyces cerevisiae is capable of interacting 

with Dpb11, a DNA replication initiation protein, and, 

therefore, of dampening the checkpoint by 

counteracting the Rad9 adaptor protein. This 

competition-based mechanism is important to the 

prevention of the hyperactivation of the DDC, which 

can be deleterious to the cells. In order to better 

understand the role of Slx4 during DDC, we decided 

to purify the protein and to elucidate its structure by 

X-ray diffraction. Here, we cloned, expressed, and 

purified recombinant Slx4 by heterologous 

expression in Escherichia coli. We cloned a truncated 

form of the Slx4 gene (361aa to the end) into pET28a, 

an expression vector. We transformed the product 

into BL21 (DE3), which is an E. coli expression strain 

that contains the T7 RNA polymerase, to express the 

Slx4 gene through the T7 promoter from the pET28a 

vector. To induce the expression of the Slx4 gene, we 

added IPTG to further purify the protein. We were 

able to express Slx4 (361aa-end) in the soluble 

fraction of the cell and purify it in its native form 

through metal affinity chromatography using cobalt 

resin. 

 

 

 

 

BACKGROUND 
Cells are constantly exposed to exogenous and 

endogenous sources of DNA damage, and this sort 

of damage can cause cancer. Cancer is a disease 

characterized by the uncontrolled proliferation of cells 

that have the ability to invade other tissues and 

transform normal cells into cancerous cells. The 

process that initiates cancer is known as 

carcinogenesis, and it is characterized by many 

factors that play important roles in it, that is, 

environment, reproductive life, diet, and smoking. 

Environment plays an important role because studies 

have shown that unprotected exposure to the sun 

exposes your skin to ultraviolet B (UVB), which is 

responsible for creating thymine dimmers in the DNA. 

Reproductive life is also important because scientific 

data shows that nuns are more susceptible to breast 

cancer than other women are because breast cancer 

risk is lower than women who have children that it is 

in women who do not. In regard to diet, compound or 

dietary constituents have been show to interact with 

cellular and molecular pathways in the cell. Smoking 

contributes to the increase in cancer rates: many 

studies have shown that the chemical compounds 

present in cigarette smoke are carcinogenic.  

Cells are constantly being exposed to different sorts 

of DNA-damaging agents from exogenous and 

endogenous sources. In the presence of genotoxic 

stress, the DNA damage checkpoint (DDC) signaling 

pathway contributes to genomic maintenance by 

promoting a transient  

cell-cycle arrest and recruiting numerous proteins to 

repair abnormalities, thus maintaining genomic 

integrity. 

 Slx4 is a Saccharomyces cerevisiae scaffold protein 

that is important for the cellular response during 

genotoxic stress. Slx4 interacts with several DNA 

repair factors and also with components of the DDC. 
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Recently, our group showed that the phosphorylated 

BRCT domains of Slx4 are capable of interacting with 

Dpb11 (Ohouo et al., 2010), and, therefore, of 

dampening the checkpoint by counteracting the Rad9 

adaptor protein. In other words, Slx4 and Rad9 have 

the same interaction site with Dpb11, meaning that 

the two proteins must compete for the same site. This 

competition-based mechanism is imortant to the 

prevention of the hyperactivation of the DDC, which 

can be deleterious to cells (Ohouo et al., 2013). In this  

experiment we decided to study the structure of the 

Slx4 protein, which goes from amino acid 361 until 

the end, because previous studies have shown that 

this is the part that the protein uses to interact with 

Dpb11. Thus by studying this part and elucidating the 

structure, we will be able to better understand how 

Sxl4 interacts with many other proteins.   

METHODOLOGY 
Our first approach was to design a pair or primers that 

could amplify the region of the Slx4 gene that we 

wanted to purify (specifically, from amino acid 361 

until the end of the protein): 

1. Slx4 BamHI forward 

Slx4 XhoI reverse 

2. Slx4 NcoI forward 

Slx4 BamHI reverse (no stop codon) 

3. Slx4 NdeI forward 

Slx4 BamHI reverse 

To achieve this, we prepared a 50μL reaction that 

consisted of 5μL of reaction buffer 10X 

(buffer+dNTPs+MgCl2), 0.5μL of the forward primer 

(100μM), 0.5μL of the reverse primer (100μM), 1μL of 

genomic DNA (template), 1μL of Pfx polymerase, and 

42μL of water. The reaction ran 30 times in the 

thermal cycler under the following conditions: 

 

Temperature 

(oC) 

95 95 55 68 4 

Time 

(minutes) 

3 30 30 2 ∞ 

 

We prepared a 1% agarose gel and ran our samples 

at 120mV (with a constant current). Next, we purified 

our gels. Finally, the extracted DNA samples were 

stored at -20°C. 

For the double digestion reaction of our vector and 

inserts, we used the following sets of conditions (at 

37oC, overnight): 

a. For the Slx4 insert that has restriction sites 

for NdeI/BamHI, we used 50 μL of the Slx4                                                                                                                                        

insert (11.4 ng/μL), 7.50μL of NEB buffer 4, 

1μL of NdeI restriction enzyme, 1μL of 

BamHI restriction enzyme, and 15.5μL of 

water, for a total reaction volume of 75 μL. 

b. For the pET28a vector that has restriction 

sites for NdeI/BamHI, we added 75 μL of the 

pET28a (23.5 ng/μL), 10μL of NEB buffer 4, 

1μL of NdeI  

c. restriction enzyme, 1μL of BamHI restriction 

enzyme, and 13μL of water, for a total 

reaction volume of 100 μL. 

d. For the Slx4 insert that has restriction sites 

for BamHI/XhoI, we used 50 μL of the Slx4 

insert (11.55 ng/μL), 7.50 μL of NEB buffer 4, 

1 μL of BamHI restriction enzyme, 1 μL of 

XhoI restriction enzyme, and 14.75 μL of 

water, for a total reaction volume of 75 μL. 

e. For the pSUMO vector that has restriction 

sites for BamHI/XhoI, we added 75 μL of the 

pSUMO vector (51.8 ng/μL), 1 μL of BSA 

100x, 10 μL of NEB buffer 4, 1 μL of BamHI 

restriction enzyme, 1 μL of XhoI restriction 

enzyme, and 12 μL of water, for a total 

reaction volume of 100 μL. 
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Then we performed a ligation reaction with the 

following sets of conditions (at 4oC, overnight): 

a. We added 2.5 μL of the pSUMO digested 

vector, 6.5 μL of the Slx4 digested insert with 

the BamHI/XhoI restriction enzymes, 2 μL of 

buffer T4, 1 μL of DNA ligase, and 8.5 μL of 

water, for a total volume of 20 μL. 

b. We added 1.56 μL of the pET28a digested 

vector, 6.85 μL of the Slx4 digested insert 

with the NdeI/BamHI restriction enzymes, 2 

μL of buffer T4, 1 μL of DNA ligase, and 8.59 

μL of water, for a total volume of 20 μL. 

The following steps were used to perform a 

transformation reaction using100 ul of a competent E. 

coli strain called DH5-α from the -80 oC freezer. For 

this reaction we used the heat shock protocol using a 

1.5 μL tube (kept on ice). To this tube we added 50 

ng of circular DNA into E. coli cells. Incubate on ice 

for 10 min. to thaw competent cells. Put the tubes with 

DNA and E. coli into a water bath at 42οC for 45 

seconds. Put the tubes back on ice for 2 minutes to 

reduce damage to the E. coli cells. Add 1 ml of LB 

(with no antibiotic added). Incubate the tubes for 1 

hour at 37οC. Spread about 100 ul of the resulting 

culture on LB plates (with Kanamycin) and grow 

overnight. Finally, we picked colonies about 12 to 16 

hours later.  

After we had our colonies, we performed a colony 

PCR using the following set of reactions: 5 μL of 

water, 1 colony, 10 μL of Go TaQ buffer 5x, 5 μL of 

MgCl2 (25 mM), 1μL of dNTPs (10 mM), 0.5 μL of 

the forward primer (100 μL), 0.5 μL of the reverse 

primer (100 μL), 0.25 μL of the TaQ, and 27.75 μL of 

water, for a total volume of 50 μL. 

Finally, we performed a protocol for the expression 

and purification of recombinant Slx4 under the 

following conditions: 

- 50 ml of E. coli Bl21(DE3) cells containing 

pSumo/Slx4(361-end) vector in LB + kanamycin 

(15 µg/ml) were grown overnight at 37oC.  

- Next morning, dilute cell culture to OD = 0.1 in 1 

L of fresh LB + Kan. 

- Cells were grew cells until OD reaches 0.6-1.0. 

- After that, the cell culture was cold in ice for a few 

minutes, then the IPTG was added for a final 

concentration of 0.5 mM. 

- Culture was incubated at 18oC overnight to 

induce protein expression. 

- Next morning, were havested cells (4500 rpm; 

10’; 4oC) and the bacterial pellet with washed 

cold TE (10 mM). 

- Cells were resuspended in 50 ml of binding buffer 

(20 mM of sodium phosphate buffer, pH7.4; 300 

mM of NaCl). 

- We proceeded to cell lysis through sonication 

(Branson Digital Soniefier) and after that the 

extract was clarified centrifugation (15000 RPM; 

50’; 4oC). 

- IMAC purification. 

- Used 2 ml of IMAC resin (Cobalt agarose beads) 

per liter of cell culture.  

- It was washed twice with 50 ml of binding buffer 

in a 50 ml conical tube.  

- Samples were centrifuged, removed the 

supernatant, and the protein extract was added 

to the IMAC resin, followed by an incubate on of 

2 h at 4oC. 

- The protein extract was added to  IMAC resin into 

a gravity column. A total  

 

 

- A total of 25 ml of wash buffer (20 mM of sodium 

phosphate buffer, pH7.4; 300 mM of NaCl; 10 

mM of imidazole) was added and the  

flow-through collected in order to see whether the 

protein of interest has been eluted). 

- Elution buffer (20 mM of sodium phosphate 

buffer, pH7.4; 300 mM of NaCl; 250 mM of 

imidazole). Was added and the fractions were 

was done collected in Eppendorf tubes. 

- The protein concentration of each fraction using 

the Bradford reagent. 

- Finally a 9% SDS-Page gels were ran to attest to 

the quality of the purification. 
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RESULTS 

  
Figure 1: 1% agarose gel of the pSUMO vector digested with the restriction 

enzymes BamHI/XhoI (second well) and the pET28a digested with the restriction 

enzymes NdeI/BamHI (third well). 

 

 
Figure 2: 1% agarose gel of the Slx4 (361-end) gene digested with the restriction 

enzymes NdeI/BamHI (second well) and the (361-end) gene digested with the 

restriction enzymes BamHI/XhoI (third well). 

 

 

 

Figure 3: SDS-Page from cell extract after IPTG induction. 1 – Protein ladder; 

2 - Slx4 (361-end)/pET28a no IPTG induction; 3 – Slx4 (361-end)/pET28a+ IPTG 

induction. 4 – Slx4 (361-end)/Psumo no IPTG induction; 5 – Slx4 (361-end)/Psumo 

+ IPTG induction. The running conditions were 40 mA and constant voltage for 60 

minutes.  Band corresponds to Slx4 recombinant after IPTG induction.  

 

Figure 4: SDS-Page from Slx4 purification by IMAC. lane 1 – Protein ladder; 2 – 

non-binding fraction; 3 –  flow through that was collected after washing the IMAC 

column with wash buffer (20mM phosphate buffer pH 7.4, 300mM NaCl and 20mM 

Imidazole); 4-9 – elution fractions showing Slx4 recombinant protein that was eluted 

with elution buffer (20mM phosphate buffer pH 7.4, 300mM NaCl and 250mM 

Imidazole). Band corresponds to purified Slx4 recombinant. 
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DISCUSSION 
After designing the primers that could amplify the 

region of the Slx4 gene that goes from amino acid 

361 until the end of the protein we did the double 

digestion reaction of the vector and the insert and 

expected to see a band near 10,000bp for both vector 

(pET28a and PSUMO) and a band near 1500bp for 

our insert . Figure 1 shows the band that we were 

expecting for both of our vectors. Figure 2 shows the 

bands we were expecting for the inserts that 

correspond to the vectors shown in figure 1 (both 

inserts were cut with the same restriction enzymes 

corresponding to their vectors). On the other hand, 

once we lysed our cells, we wanted to know if our 

recombinant protein was expressed. To know this, we 

ran the SDS PAGE gel shown in Figure 3 and saw 

our band of interests (around 64kDa) within the lysate 

of our IPTG induces cells. Finale, once we saw the 

band stated above, we did an IMAC to purify our 

recombinant protein and obtain the purified band as 

it is shown on the SDS PAGE gel in figure 4. 

CONCLUSION 
We were able to clone, express and purify 

recombinant Slx4 through heterologous expression in 

BL21 (DE3) E.coli cells. In the future, our goal is to 

optimize the purification of Slx4 in order to obtain 

large amounts of soluble recombinant Slx4 and then 

proceed to crystallization screenings. Once we have 

crystallized the protein we will try to solve the Slx4 

structure through X-ray diffraction. 

REFERENCES 
1. Ohouo, PO; de Oliveira, FMB; Almeida, BO 

and Smolka, MB. “DNA Damage Signaling 

Recruits the Rtt107-Slx4 Scaffolds via Dpb11 

to Mediate Replication Stress Response ”. 

Mol. Cell (2010) 39: 300-6. 

2. Ohouo, PO; de Oliveira, FMB; Liu, Y; Ma, CJ 

and Smolka, MB. “DNA-repair scaffolds 

dampen checkpoint signalling by 

counteracting the adaptor Rad9”. Nature 

(2013) 493: 120-4. 

 

FUNDING & ACKNOWLEDGEMENTS 
I would like to thank each and every member of the 

Cornell Molecular Biology & Genetics Research 

Program (MBG REU), mostly Ms. Jami Joyner, 

because she has been really supportive and helpful 

to me and to every student in the summer program. I 

would also like to thank my PI, Dr. Marcus Smolka, 

my mentor, Dr. Jose Renato Cussiol, (funded by NIH 

R01 grant (GM097272) for giving me the opportunity 

to work in their laboratory and teaching me all of the 

amazing techniques that I learned this summer. Last, 

but not least, I would like to thank Dr. Edu Suarez 

(funded by NIH grant #R25GM09693) for allowing me 

to be part of this amazing experience. 

 

 

MENTOR INFORMATION 

Marcus B. Smolka, Ph.D. 

Weill Institute for Cell and Molecular Biology 

Department of Molecular Biology and Genetics 

Cornell University 

mbs266@cornell.edu 

(607)255-0274 (Office) 

(607)255-0174 (Lab) 

 

 

PROJECT PRESENTATIONS 

Posters 

- Annual Biomedical Research Conference for 

Minority Students, 2013. (November 13-16, 

2013.) 

- 34nd Puerto Rico Interdisciplinary Scientific 

Meeting & 49th Junior Technical Meeting. 

(March 29, 2014)  

- APS Private Meeting Experimental Biology, 

2014 (April, 26–30, 2014) 

- Experimental Biology, 2014 (April, 26–30, 

2014) 

http://prise.uprp.edu  2011-13 UPR-PRISE Scientific Magazine. Copyright 2015. 9



 

 

 
SPEEDBALL MODULATES NEUROTOXIC EFFECTS OF VPR 

 

 

Santiago, Ismael D. 1; Torres, Lilith 2; Noel, Richard J., Ph.D.2 

University of Puerto Rico in Ponce, Ponce, Puerto Rico1 and Ponce 
School of Medicine, Ponce, Puerto Rico2 

Research site: Department of Physiology Ponce 
School of Medicine and Health Sciences. 
 

ABSTRACT 
HIV associated neurocognitive disorders (HAND) 
occur in ~50% of infected patients. Once the infection 
spreads into the brain, HIV has the capacity to infect 
astrocytes. These HIV-infected astrocytes express 
viral proteins that can be toxic to neurons. HIV viral 
protein R (Vpr) is an important factor in viral 
replication and is also a neurotoxin that may 
contribute to HAND. HIV-1 patients who also are 
drug abusers are known to have higher levels of 
neurotoxicity than patients who do not use drugs. 
Usually these drug abusers use cocktails of drugs 
(such as speedball) to enhance the drug effects on 
the nervous system. Our hypothesis is that Vpr 
contributes to increased neurotoxicity in presence of 
speedball. To verify our hypothesis we co-cultured 
SH-SY5Y neurons with Vpr-transfected SVGA 
astrocytes in the presence of different concentrations 
of speedball. After exposure to speedball we 
measured cell apoptosis with Annexin V assay and 
cell viability and toxicity with a fluorescent assay. We 
found speedball or Vpr caused apoptosis and 
cytotoxicity in neurons. Interestingly, in the presence 
of speedball Vpr produced less apoptosis and 
cytotoxicity. Viability measurements were 
unchanged under the conditions we tested. This 
suggests that the presence of both Vpr and 
speedball may induce a protective response in the 
neurons. 

 

BACKGROUND 
Nearly 50% of HIV-1 infected individuals develop HIV 
associated neurocognitive disorders (HAND). It is 
well accepted that HIV infects the brain through the 
Trojan Horse Mechanism, in which an infected 
monocyte/macrophage permeates through the 
blood-brain barrier. When released from the 
macrophage, the virus infects glial cells or astrocytes 
causing either a productive or non-productive 
infection, respectively. The former corresponds to 
production of functional virions and the latter only 
viral proteins. Consequently, certain HIV-1 proteins 
expressed by infected astrocytes exert toxicity over 
neurons in the brain. Among the aforementioned 

proteins, Vpr is an accessory protein required for 
optimal viral replication that leads to deterioration 
and apoptosis of neurons in the brain. Hence, protein 
neurotoxicity is at the source of HAND pathology. 

Although Antiretroviral Therapy (ART) reduces viral 
loads and slows down the progression HIV infection 
into AIDS, it does not treat for other complications 
(such as HAND). Similar to other neurodegenerative 
diseases, HAND range from mild cognitive 
impairments to more severe impairments, such as 
dementia. Currently there are no treatments for 
HAND. An outcome of studying how HIV proteins 
afflict neurons in the brain is the development of 
potential combinatory therapies treating for both viral 
infection and neurodegeneration which will enhance 
the quality of patient’s lives. 

In the U.S., the most common way of HIV 
transmission is through sexual contact. In Puerto 
Rico however, the common mode of transmission is 
through sharing infected syringes for intravenous 
delivery of illicit drugs. Therefore, a number of HIV 
patients are drug abusers who recur to the use of 
cocktails of drugs to enhance the effects its 
constituent drugs have over the CNS. Individual illicit 
drugs of abuse, such as cocaine and heroin, are 
known to be toxic to neurons, but their cocktailed 
effect (speedball) remains unclear. Furthermore, the 
combined interaction these drugs of abuse and viral 
proteins have with cerebral neurons has not been 
examined. 

Since both Vpr and drugs of abuse are individually 
toxic to neurons, we hypothesized a synergistic 
neurotoxicity when Vpr is in the presence of 
speedball. Thus, we carried out an experiment using 
cell a co-culture model of neurons and with 
astrocytes expressing Vpr and speedball 
alternatively. Results from these experiments 
suggest that there is no synergy of Vpr and speedball 
toxicity, indicating that our prediction was incorrect. 
Interestingly Vpr’s toxic and apoptotic effects were 
reduced when Vpr was combined with speedball. 
This reduction of apoptosis appears to be a neuro-
protective effect. 
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METHODOLOGY 
Cell culture preparation and conditions.  
SH-SY5Y human neuroblastoma were purchased 
from… SVGA human astroblastoma were purchased 
from … Both cell lines were grown in T-75 flask for 3 
weeks. SH-SY5Y were grown in DMEM-C with 
added phenol red and SVGA were grown in DMEM-
C with no phenol red. SH-SY5Y were trypsinized with 
5ml of trypsine and seeded in 12 well culture treated 
plates. 300,000 SH-SY5Y per well were seeded in 12 
well plates and allowed to attach for 24 hrs.  

 
Astrocyte transfection.  
SVGA astroblastoma were trypsinized and 
transfected in RPMI media with Vpr plasmid (1.6 
million cells per transfection) in Bio-Rad Gene Pulser 
XcellTM electroporater, using a time constant protocal 
under the following parameters: 250 V, 35 ms and 4 
mm cuvette. Mock cells were electroporated but 
were not treated with Vpr nor speedball. After 
transfection 300,000 cells per well were seeded in a 
well-insert with a 3 μm pore size membrane, to allow 
only media exchange with the plate’s wells. 

 
Speedball solutions. Stock solutions of morphine 

and cocaine were purchased from… SB 0.1 μM (low 
dose speedball) was prepared mixing 0.1 μM 
morphine with 0.1 μM cocaine. SB 1.0 μM (high dose 
speedball) was prepared mixing 1.0 μM morphine 
with 1.0 μM cocaine. SB1=high dose speedball (1 μM 
morphine + 1 μM cocaine).  Doses of speedball were 
added to both well-insert and culture plate well media 
on the day co-cultures were set up. Mock cells were 
not treated with SB. 

 
Culture collection. Inserts were separated from 

their wells to 1mL trypsin was added to the wells and 
well-insert. SH-SY5Y were resuspended in 500 mL 
of DMEM with added phenol red for each. 
 

Viability and cytotoxicity staining and 
fluorescent assay.  

MultiTox kit (Promega) was used to measure the 
viability and cytotoxicity of each co-culture via 
fluorescence. Cells were stained with Fluorescent 
units (FU) of viability and cytotoxicty were obtained 
using BioTekR Synergy HT… The viability to 
cytotoxicity ratio was calculated by dividing the FU of 
the viability by the FU of the cytotoxicity. Then the FU 
were normalized dividing by the Mock. 

Apoptosis staining.  

7aad Apoptosis was measured in neurons using the 
Annexin V assay (BD Pharmingen). 

RESULTS 
  

                                                                                                                                                                                                                                                                                                                                                                                                    
Fig.1 Viability/cytotoxicity ratio in SH-SY5Y neurons. Values represent the 
viability to cytotoxicity (V/C) ratio fluorescent units (FU) normalized to the Mock 
value. Cytotoxicity and viability was measured in neurons using the MultiTox kit 
(Promega). Vpr reduces viability/cytotoxicity ratio in SH-SY5Y neurons. High dose 
speedball, however, increases the viability/cytotoxicity ratio. 

 
There was no significant difference between the V/C 
ratio of only drug treated and the Mock groups. Vpr 
reduces the viability to cytotoxicity ratio both at 24 
and 48 hours. High dose speedball with Vpr exhibits 
a higher ratio than Vpr, possibly decreasing 
cytotoxicity in culture. The lower dose of speedball 
seems to increase cytotoxicity but only transiently, as 
at 48 hours it is restored.  

 

Fig. 2 Total apoptosis in SH-SY5Y neurons.    

Total apoptosis was measured in neurons and normalized to the Mock value. Total 

apoptosis includes all cells positive for Annexin V. Vpr transiently increases 

apoptosis. Data represents three independent assays with SEM. 
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DISCUSSION 
We confirm Vpr toxicity in SH-SY5Y neurons. Vpr 
reduces the viability to cytotoxicity ratio both at 24 
and 48 hours. However, Vpr cytotoxicity is 
ameliorated by speedball, not increased. The 
interaction between the drug and Vpr is not well 
understood and could be the cause of this decrease 
in toxicity. Viability measurements (not shown) were 
unchanged under the conditions we tested. These 
data suggest that the combination of Vpr and high 
dose speedball induced a protective response in 
neurons and not synergistic cytotoxicity. Whether the 
astrocytes mediate in the decrease of toxicity or 
remains unclear. This is a fundamental question to 
answer for understanding the interaction of Vpr and 
speedball.The variable morphology of the culture 
with subsequent passages might explain the varying 
effects of speedball.These data suggest that the 
combination of Vpr and high dose speedball induced 
a protective response in neurons and not synergistic 
cytotoxicity. Vpr increases total apoptosis but only 
transiently. The increase in apoptosis caused by Vpr 
at 24 hours is lowered by speedball.  
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ABSTRACT 
It is well-documented that as compared to men, 
women experience higher levels of mood disorder 
and depression during the reproductive years. 
However, it has not been fully elucidated how 
variations in gonadal hormones are linked to 
depression and anxiety disorders. During eight 
weeks, adult females and males Sprague Dawley 
rats were exposed to a mild stressor consisting of 
housing isolation (HI) and were compared to paired-
housed controls. Vaginal smears were taken to 
determine the estrus cycle stage. At the end of the 
eight-week period all animals were tested on the 
open field (OF) followed by the forced swim test 
(FST) for measuring anxiety and depression-like 
behaviors. Myeloperoxidase activity in the colon of 
female rat showed a significant increase in HI 
females as compared to the paired housed females, 
suggesting underlying inflammatory processes 
produced by stress. However, the stressor (HI) only 
produced mild effects on the animal’s behaviors. 
There were significant effects of sex and estrous 
cycle on OF and FST. During the OF the males 
presented reduced locomotor activity as compared to 
females. Females in proestrus showed less 
depressive behaviors as compared to males, 
confirming previously reported antidepressant 
effects of estrogen. These experiments demonstrate 
a significant role of gonadal hormones on the 
expression of depression-like behaviors. NSU-
CFRDG 335513 & R25GM096955-01. 
 

BACKGROUND 
Exposure to adverse events, including chronic stress 
and social isolation have been proven to affect 
normal brain function and adult behavior, likely 
contributing to the development of psychiatric 
disorders, such as depression (FONE AND 
PORKESS, 2008).  The mechanisms contributing to 
depressive behaviors have been studied in rodent 
models, but most of these studies have been 

conducted in males.  Since the incidence of 
depression is much higher in females, effective 
models that assess the influence of ovarian 
hormones in the onset of depression are needed.   
 
The objective of our study is to evaluate the role 
ovarian  hormones  play  in  the development  of 
social isolation model of depression in rats.  We 
tested the animals behaviorally using the open field 
test and the forced swim test, which are paradigms 
previously used to validate the social isolation model 
 

 
METHODOLOGY 
Social Isolation 

Sprague Dawley rats experimental group were 

divided in males or females and then individually 

housed for social isolation. The control group 

consisted of same sex paired rats which were 

housed in an enriched environment. This experiment 

was erformed for a two month period.  

Treatment 

vs. Stage 

Females ♀ Males 

♂ 
Proestrus Diestrus Estrus 

Isolated n=7 n=5 n=5 n=5 

Paired n=6 n=6 n=6 n=8 

 
 
Chart 1 Treatment was based on the separation of rats 
in groups whether they were in isolation or paired 
housing. The Stage refers to a classification of rats in 
the estrous cycle (Proestrus, Diestrus and Estrus) of 
female rats plus male rats.  
 
 
 
 
 

 
 
 

Treatment

• Isolated

• Paired

Stage

• Proestrus, Diestrus, 
Estrus, Males
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Estrous Cycle Determination 

Vaginal smears were performed on the first and last 

week of the 2-month experiment to determine female 

rat cyclicity. The female rats in proestrus, diestrus 

and estrus stages of the cycle were used for the 

behavioral assessment.  

 

 

 

 

 

 

 

Chart 2  This photos represent the three stages, in order, of the estrous cycle 

identified and separated for this study: A)diestrus, B)proestrus and C)estrus.  

 

Behavioral Assessment 

Open field: Two continuous periods of 5 min. 

Forced Swim Test: 10 min. Since male rats can be 

tested any day, they were distributed in such a way 

where they could be tested on the same days 

females were available for testing. This ensured 

proper representation of each group in each 

behavioral test.  

Behavioral data were analyzed by two way ANOVAs 

using SPSS and post hoc tests were performed 

using Tukey.  

 
 
 
RESULTS 
Open Field 

Fig. 1: Time spent on the center of the field.  

 

 

 

 

 

During the first 5 minutes the main anxiety effect was 

seen by estrous stage in females (p=0.026). Diestrus 

rats showed a significant difference when compared 

to estrus rats (*p=0.041), while Proestrus rats 

showed a trend (*p=0.068) when compared to estrus. 

Diestrus and Proestrus rats spent less time on the 

center of the field (less anxiety-like behavior) than 

those on Estrus stage. Social isolation did not show 

any significant effects on anxiety behaviors 

(p=0.723).  

Fig. 2: Distance covered by the animals during 

the last 5 minutes.  

 

 

 

 

 

 

Open field 

*p=0.041 *p=0.068 

Stage: p= 0.026 
Treatment: p=0.723 

* 

Treatment p=0.012 

Stage p=0.002 

Forced Swim Test 
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 The second half of the open field test corresponds 

to a period of less activity due to decreased 

exploratory behavior. There was a significant effect 

in anxiety behaviors 

depending on treatment 

(p=0.012) and stage 

(p=0.002). When 

comparing  

isolated rats and paired 

rats, those isolated 

maintained a significant higher locomotion all the 

time (*p=0.012). These results suggest a stage of 

restlessness in socially isolated animals. Rats in 

Diestrus and Estrus stages showed increased 

locomotor activity behaviors when compared to 

males (p<0.05).  

 

 

 

 

 

Forced Swim Test 

Fig. 3: Time to reach immobility during the forced swim test.  

 

 

 

 

The longer the time it takes to reach immobility, the 

less depressed the 

animal is. Paired 

housed animals 

showed less 

depression like 

behaviors (p=0.023). 

Estrus paired stage showed less depressive 

behaviors, when compared to males and other 

female stages, although there was no significant 

difference (p>0.05). Main effect was observed on 

treatment, where isolated rats reached immobility 

faster than those paired. Thus, it can be said that 

isolation produces depression behaviors in all sexes.  

 

 

 

Fig. 4: Effect of Stage in swimming.  

 

 

 

 

Proestrus stage rats showed that more swimming is 

correlated with less depressive behaviors when 

compared to males (*p=0.013). No significant 

depressive behaviors were observed by social 

isolation treatment (p>0.05).   

 

Fig. 5: Effect of Treatment by Stage in immobility.

  

A significant difference in total immobility was seen 

by stage (p=0.007), but there was no significant 

difference found by treatment. Proestrus stage rats 

showed less time spent immobile and thus, less 

depressive behaviors when compared to males 

(*p<0.01). 

*p=0.023 

* 

* 

*p=0.013 

Treatment 
p=0.176 
Stage p=0.016 

*p=0.01
2 * 

Stage:  
p= 0.237 
Treatment:  
p=0.023 

*p=0.004 
*p=0.038 

* Treatment p=0.107 

Stage p=0.007 

Treatment by  
Stage p=0.065 
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DISCUSSION 
Open Field- Anxiety behaviors 

Social isolation as evaluated by the open field test 

did not produce effects on anxiety behaviors. There 

was a significant effect on anxiety behaviors 

depending on sex and the stage of the cycle. Time in 

the center results suggests that decreased anxiety 

is driven by the long term effects of estrogen. This is 

why more anxiety behaviors are seen in the estrus 

stage of the cycle compared to diestrus and 

proestrus. 

Forced Swim Test –Depressive-like 

behaviors 

High level of estrogen (proestrus) will produce an 

antidepressant effect in paired housed animals but it 

is not able to rescue female after mild stressor. 

Comparing the total amount of time that rats spent 

swimming versus being immobile suggests that 

antidepressant effects are driven by both the short 

term and the long term effects of estrogen.  

 
CONCLUSIONS 
These experiments demonstrate a significant role of 
gonadal hormones on the expression of anxiety (OF) 
and depression like behaviors (FST). This model 
might prove useful for developing and testing novel 
and alternative treatments for anxiety and 
depression. Future experiments will be aimed at 
elucidating behavioral effects. 
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ABSTRACT 
Posttraumatic stress disorder (PTSD) is a severe 
condition that may develop after a person 
experiences a traumatic event. To further 
increase our knowledge in PTSD, we study fear 
expression in rats because of the similarities 
between humans and rats brain structures and 
functions. In this animal model, we use Pavlovian 
fear conditioning, imitating the exposure therapy 
used in humans. We used whole cell patch-clamp 
recordings and behavioral analysis to compare 
the effects of fear conditioning and extinction in 
infralimbic neurons intrinsic excitability in adult 
male Sprague Dawley rats (60-70 days 
postnatal). Rats were fear conditioned, 
extinguished and tested in a 25 X 29 X 28 cm 
chamber with aluminum and Plexiglas walls. 
Immediately after test, rats were deeply 
anesthetized and perfused transcardially with 
cold artificial cerebral spinal fluid (ACSF) with 
sucrose substituted for the sodium chloride and 
decapitated. 300 µm coronal slices of the medial 
Pre-Frontal Cortex (mPFC) were cut with a 
vibratome. Preliminary results obtained indicated 
that fear conditioning depressed the intrinsic 
excitability of infralimbic neurons. These results 
also indicate that there is no significant difference 
between the adult rats and younger rats used in 
previous studies. By adding individuals to future 
studies, more concrete results will be obtained 
from adult rats and the differences in intrinsic 
excitability between them and younger rats. 
 

INTRODUCTION 
 Posttraumatic stress disorder (PTSD) is a 
severe condition that may develop after a person 
experiences a traumatic event. In humans, 
exposure therapy, a process in which a person is 
exposed to different reminders of the traumatic 
event, is the main procedure used to treat PTSD. 
Due to the severity of some events, exposure 
therapy is too intense for a patient to  
 

handle. Because of this, we study PTSD in rats 
because of the similarities between humans and  
rats brain structures and functions, and to study 
different ways of dealing with PTSD in humans. 
In this animal model, we use Pavlovian fear 
conditioning, in which an animal can learn to 
predict aversive events through different stimuli, 
imitating the exposure therapy used in humans. 
Extinction of conditioned fear is then used to 
create an inhibitory memory that suppresses 
conditioned fear. We studied the infralimbic (IL) 
subregion of the medial prefrontal cortex 
(mPFC), an important area for the inhibition of 
conditioned fear after extinction (Quirk et 
al.2006), to observe the changes in IL neurons in 
terms of excitability. Using whole cell patch-
clamp recordings and behavioral analysis, it has 
been proven that fear conditioning and extinction 
modify the intrinsic excitability (a change in the 
neuron’s function after a change in the 
membrane’s current) in infralimbic neurons in 25-
30 day old male rats (Santini et al., 2008). 
Neurons in IL are depressed (low excitability) 
after fear conditioning and are excitable (high 
excitability) after fear extinction, meaning that 
extinction reverts the effect of conditioning in IL 
neurons. It has also been proven that young rats 
have problems learning memories through fear 
extinction because of the fact that at that age they 
are at the equivalent of prepuberty in a human, 
still developing different synapses (McCallum, 
Hyun Kim, Richardson, 2010). However, the 
effects of fear conditioning and extinction in adult 
male rats (approximately 60 days old) have not 
been studied. For this purpose, we use whole cell 
patch-clamp recordings and behavioral analysis 
to compare the effects of fear conditioning and 
extinction in infralimbic neurons intrinsic 
excitability in adult rats.  
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METHODOLOGY 
 
Subjects: Male Sprague Dawley rats (60-70 
days postnatal) were group housed in 
transparent polyethylene cages located in a 
negative pressure clean room (Colorado Clean 
Room, Ft. Collins, CO) and maintained on a 12-
h light/12-h dark schedule. Food (standard 
laboratory rat chow) and water were available ad 
libitum. All experiments were approved by the 
Institutional Animal Care and Use Committee 
(IACUC) of the Ponce School of Medicine in 
compliance with NIH guidelines for the care and 
use of laboratory animals.   
 
Behavioral training: Rats were fear 
conditioned, extinguished and tested in a 25 X 29 
X 28 cm chamber with aluminum and Plexiglas 
walls (Coulbourn Inst., Allentown, PA).  The floor 
consisted of stainless steel bars that could be 
electrified to deliver a mild shock.  A speaker was 
mounted on the outside wall and illumination was 
provided by a single overhead light.  The 
chamber was situated inside a sound-attenuating 
box (Med Associates, Burlington, VT) with a 
ventilating fan, which produced an ambient noise 
level of 60 dB.  Between sessions, floor trays and 
shock bars were cleaned with 70% alcohol 
solution and the chamber walls were wiped with 
a damp cloth.  Behavior was recorded with digital 
video cameras (Micro Video Products, Ontario, 
Canada). 
 
Rats were separated into three experimental 
groups: naïve, conditioned, and extinction. Rats 
of the conditioned (Cond) and extinction (Ext) 
groups received one habituation trial (tone alone) 
and three conditioning trials (tone-shock 
pairings) on day one. The conditioned stimulus 
was a tone (4 kHz, 75 dB, 30 sec; 2 min intertrial 
interval (ITI) and the unconditioned stimulus was 
a mild scrambled footshock (0.44 mA, 0.5 sec) 
that co-terminated with the tone. On day 2, the 
Ext group received fifteen extinction trials (tone 
alone) while the Cond group remained in their 
home cages. On day 3, the Cond and Ext groups 
were sacrificed immediately after two test trials 
(tone alone) and prepared for slice recordings. 
The Naïve group was sacrificed immediately 
after two test trials  
 

 
 
and prepared for slice recordings. All training was 
done in the same context as previously described 
(Santini et al., 2008). Freezing to the tone 
(absence of movement except breathing) was 
quantified during the 30 seconds of the tone 
presentation and analyzed by FreezeScan 
program. 
 
Whole-cell recordings: Immediately after test, 
rats were deeply anesthetized with pentobarbital 
(65 mg/kg) and perfused transcardially with cold 
artificial cerebral spinal fluid (ACSF) with sucrose 
substituted for the sodium chloride and 
decapitated. 300 µm coronal slices of the mPFC 
were cut with a vibratome as previously 
described (Santini et al., 2008). The mPFC slices 
were incubated at room temperature in ACSF for 
at least an hour. The neurons were visualized 
with infrared video microscopy using a 40x water 
immersion objective on an upright E600FN 
microscope (Nikon Instruments, Melville, NY). 
Whole-cell recordings were done with glass 
pipettes with a resistance of 2.5-4 MΩ when filled 
with an internal solution containing (in mM) 150 
KMeSO4, 10 KCl, 0.1 EGTA, 10 HEPES, 0.3 
GTP, 0.2 ATP, pH 7.3 (300 mOsm).   
 
Intrinsic Excitability: The intrinsic excitability of 
layer V pyramidal neurons located in IL was 
measured using whole-cell current-clamp 
recordings at a holding potential of -70 mV.  
Action potentials were evoked by injecting 800 
ms depolarizing current pulses (40 to 350 pA at 
10 pA increments with an inter-trial interval of 5 
s) as previously described (Santini et al., 2008).  
Recordings were filtered at 4 kHz (MultiClamp 
700A; Molecular Devices, Sunnyvale, CA), 
digitized at 10 kHz, and saved to computer using 
pClamp9 (Molecular Devices). Membrane 
potentials (Vm) were not corrected for the 
junction potential of 9 mV. The series resistance 
was equal across groups. The input resistance 
(Rin) was measured from a 5 mV, 50 ms 
depolarizing pulse in voltage-clamp mode at a 
holding potential of -60 mV.  The fast 
afterhyperpolarizing potential (fAHPs) of the 
second evoked spike was measured by 
subtracting the voltage at the peak of the fAHP 
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from the threshold potential for spike initiation. 
The fAHP was measured from the trace  
 
showing the maximum number of spikes. The 
medium afterhyperpolarizing potentials (mAHPs) 
and slow afterhyperpolarizing potentials (sAHPs) 
were measured after the end of the 800 ms pulse. 
The mAHP was measured as the peak of the 
AHP, and the sAHP was measured as the 
average potential during a 50 ms period 
beginning 280 ms after the end of the 800 ms 
depolarizing pulse (Faber and Sah, 2002; Santini 
et al., 2008).  The sAHP was measured from the 
first trace that showed just two spikes to maintain 
the spike-induced calcium increases relatively 
constant between cells.  For these experiments, 
the internal solution contained the following (in 
mM): 150 K-MeSO4, 10 KCl, 0.1 EGTA, 0.3 GTP 
and 0.2 ATP, pH 7.3 (300 mOsm). 
 
Histology: IL neurons from the whole-cell patch-
clamp recordings were labeled with biocytin (5 
mM) which was included in the recorded pipette 
to verify the location and morphological 
identification of pyramidal neurons (Figure 2-1). 
After electrophysiology experiments the mPFC 
brain slices were fixed with formalin 4% and 
incubated overnight at 4˚ C. Standard avidin-
biotin peroxidase procedure (Vectastain ABC kit, 
Vector Laboratories, Burlingame, CA, USA) were 
used to expose labeled neurons as previously 
described (Porter et al., 2001) and identified with 
bright field microscopy.  Neurons localized 
outside IL layer V or without pyramidal 
morphology were rejected from analysis.    
 
Statistical analysis: The total time spent 
freezing during the 30 sec tone was measured 
and converted to percent freezing.  The percent 
of time spent freezing (Blanchard and Blanchard, 
1972) was used as a measure of conditioned 
fear.  Freezing is the cessation of all movements 
except respiration.  The behavioral data was 
analyzed using commercial software 
(FreezeScan, Clever Systems).  The 
electrophysiological data were analyzed using 
Clampfit (Axon Instruments, Union City, CA).  
Student’s t-test or one-way ANOVA 
(STATISTICA, Statsoft, Tulsa, OK) were used to 
analyze the behavioral and electrophysiological 
data.  

RESULTS 
After conducting the research, the preliminary 
results obtained indicated that fear conditioning 
depressed the intrinsic excitability of IL neurons, 
as shown in figure 1. The results also indicated 
that a group that goes through fear conditioning 
will have higher freezing levels at the day of the 
test, as shown in figure 1.  
 
A. 

COND N=3 NAIVE N=12
0

1

2

3

4

5

M
a
x
 #

 o
f 

s
p

ik
e
s

 
   
B. 

 

0 50 100 150 200 250 300 350
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

Naive N=12 Conditioning N=3

Injected Current (pA)

S
p

ik
e

s
 e

v
o

k
e

d

  
  

Figure 1: Fear conditioning depressed the 

intrinsic excitability of IL pyramidal neurons. 

A. Depolarizing steps at different current 

intensities evoked fewer spikes in the COND 

group than the NAÏVE group. B. Comparison 

of maximum number of spikes evoked by 

each group. 
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DISCUSSION 
The preliminary results obtained from this study 
tell us that there is no significant differences 
between the adult rats used in this project and the 
young rats used in previous studies (Santini et 
al., 2008), demonstrated by the similarity of the 
results shown in the graphs shown here. These 
preliminary results also go against the results of 
the previous study that showed that older rats 
learned better than younger rats (McCallum, 
Hyun Kim, Richardson, 2010), creating 
discrepancy between the experiments.  
 

CONCLUSION 
This project is limited by the number of 
individuals that could be studied for this purpose. 
Our next goal is to enlarge the number of 
individuals to have concrete results. If the results 
obtained after that are different, behavioral 
studies can be done with older rats which have a 
better capacity of learning an extinction memory. 
However, other variables would have to be added 
because of the difficulty to study the many 
unhealthy neurons that can be obtained from 
older rats. 
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INTRODUCTION 

Endometriosis is an estrogen dependent condition 

that affects 1 of 10 women around the world. Here in 

Puerto Rico, we reported a prevalence of 5 % 

(Flores, et al, 2008). In the present, endometriosis 

has no cure and the only way to diagnose it is using 

invasive techniques as laparoscopy. Endometriosis 

is defined as the growth and development of 

endometrial like tissue, (i.e., glands and stroma) 

outside the uterine cavity (Bulun, et al., 2009). 

Gynecologists consider endometriosis as a “benign 

neoplastic disorder” due the endometrial cells losing 

control of their growth (Burney and Giudice, 2012). 

One of the most common theories that are used to 

explain the development of endometriosis is 

Sampson’s theory. This theory proposes that the 

origin of the endometriosis is due the retrograde 

menstruation. During this process the endometrial 

cells migrate outside the uterine cavity towards the 

peritoneal cavity and other parts of the body 

(Benagiano and Brosens, 2010). Nowadays, the 

knowledge of the pathophysiology of endometriosis 

is limited, but genetic, environmental, inflammatory, 

neurological, and recently, epigenetic factors are 

known to be involved in this disease (Guo et al., 

2011). Epigenetics is defined as heritable chemical 

changes in the DNA without affecting the nucleotide 

sequence. Epigenetic mechanisms apply their 

biological effects by regulating gene expression 

and/or modulating chromatin structure. Several 

epigenetic mechanisms regulate gene expression 

including promoter methylation at CpG islands or 

distinct histone modifications such as: acetylation, 

methylation, phosphorylation and sumolytaion 

(Munro, et al., 2012). Histone methylation is one of 

the key epigenetic modifications that play a role in 

several cellular processes via modulation (activation 

or silencing) of transcriptional activity. This regulation  

 

 

is mediated by changes in the chromatin structure to 

allow (or block) access to the transcriptional 

machinery. Specific histones can be methylated at 

various levels: mono, di, or trimethylation, which are 

correlated with either gene expression or gene 

repression. Trimethylation of lysine residue 27 at 

histone 3 (H3K27me3) is a well-known repressive 

histone modification that silence gene transcription 

(Zhang et al., 2011). High levels of H3K27me3 have 

been observed in different types of cancer including 

ovarian, prostate, breast, and colon cancers. (Benoit, 

et al., 2012; Li et al., 2010). Studies conducted at the 

Endometriosis Research Program (ERP) in PSM 

showed that HDACs are aberrantly expressed in 

endometriosis tissues (Diaz-Colón et al, 2012) and 

also that endometriotic lesions are characterized by 

H3K9 and H3K16 hypoacetylation and 

hypermethylation of H3K4, H3K9, and H3K27 

(Monteiro, et al., 2013). Based in these findings, we 

aimed to further demonstrating the relevance of 

H3K27me3 specifically as a histone mark of 

relevance in endometriosis. The purpose of this 

study was to determine levels of H3K27me3 in 

endometriosis tissues and control tissues using 

ELISA and immunohistochemistry (IHC). We 

expected that endometriotic lesions and 

endometrium of patients will express higher levels of 

H3k27me3 than controls and in that way identify new 

diagnostic or therapeutic targets for endometriosis.  

MATERIALS AND METHODS 

Tissue Collection 

Fresh tissues were obtained from premenopausal 

women aged 16 to 49 years old with and without 

endometriosis during surgery and immediately 

frozen at -80°C after collection. Cases are defined as 

women with surgically diagnosed endometriosis; and 

controls are women undergoing surgery for benign 

gynecologic conditions (ie, fibroids) who were found 

not to have endometriosis during surgery. The 

tissues were analyzed by histopathology to confirm 

endometriosis, defined as the presence of 
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endometrial glands and stroma. Demographic 

profiles of patients used for detection of H3K27me3 

status in the study are presented in Table #1. 

Detection of Lysine 27 trimethylation at H3 

(H3K27me3) 

Assessment of H3K27me was conducted using the 

EpiQuick Immunoassay kit (Epigentek, NY) specific 

for histone 3 lysine 27 trimethylated. This histone 

mark was selected based on the fact that it is widely 

studied in cancer and our observations of high levels 

of global or pan methylation at H3K27me in lesions. 

In addition, the availability of the immunoassay kits 

allows us to elucidate the expression profile of this 

histone mark in endometriosis.  

Immunohistochemistry (IHC) of H3K27me3 in 

Human Endometrial and Endometriotic Samples 

on a Tissue Micro Array (TMA):  

A Tissue Microarray (TMA) was used to elucidate the 

expression of H3k27. Formalin fixed paraffin-

embedded endometrium and endometriosis tissues 

were used to develop a tissue microarray. All the 

biopsies were evaluated by a pathologist to confirm 

the diagnosis of endometriosis. A total of 164 

samples were used to construct a TMA at Moffitt 

Cancer Center. The total number of cores in the TMA 

were 34 peritoneal endometriosis, 29 ovarian 

endometriosis, 16 fallopian endometriosis, 7 

gastrointestinal endometriosis, 4 skin endometriosis, 

38 secretory phase endometrium, 14 control 

proliferative phase endometrium, and 22 eutopic 

endometrium of women with endometriosis. Control 

endometrium were obtained from patients with other 

gynecological conditions different to endometriosis. 

The average age of the patients and controls were 

35 and 42 years 

Immunostaining of H3K27me3 was conducted 

following standard protocols 

In brief, paraffin removal and dehydration process 

were performed using alcohols (100%, 90%, 70%) 

and xylene. Antigen unmasking was performed using 

Retriever Buffer pH 9 at 80°C for 1 hour. Then, 

peroxidase blocking was conducted using fresh 0.3% 

H202 (2mL of 30% H202 in 200mL of methanol). The 

TMA was incubated with the primary antibody 

H3K27me3 (1:100) (Epigentek, USA.) at 4°C 

overnight. Biotin and streptomycin, respectively, from 

LSAB Method (DAKO Kit, USA) were used as 

secondary antibodies. TMA was incubated at room 

temperature for 30 minutes with each one of the 

secondary antibodies. For staining and 

counterstaining of the TMA, DAB (176mL of 1X TBS 

and 4ml of DAB) and hematoxylin (Fischer Scientific) 

were used, respectively.  The slides were mounted 

and visualized at 20×, 40× and 100× magnification 

on an inverted microscope with an Olympus 35mm 

camera (Nikon, Japan). The Image Scope Software 

was used to select the areas in the tissues that we 

want to analyze. The Aperio Immunostaining 

Analysis System available from Moffitt Cancer 

Center was used to evaluate the intensity of 

H3K27me in the endometrial and endometriotic 

tissues on the TMA. Data was analyzed as % of 

positive nuclei and HistoScore. This latter is obtained 

from the formula (3× percentage of strongly staining 

nuclei) + (2× percentage of moderately staining 

nuclei) + (percentage of weakly staining nuclei), 

giving a range of 0 to 300. 

Statistical Analyses 

Non-parametric statistics analysis of variance 

(ANOVA) and Dunn’s Multiple Comparison post-test 

were performed using GrapghPad Prism 4.0 

(GraphPad Software Inc, La Jolla, California) to 

determine statistical significance between the study 

groups. Statistical significance was set at P>0.5. 
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Table # 1: Demographic Characteristics of Study Subjects analyzed by ELISA 

Pt ID Diagnosis Age 
ASRM 

Stage 
Tissue 

Reg 

cycle 
Phase 

268 Endometriosis 35 III-IV ovarian endometriosis Yes Secretory 

822 Endometriosis 30 I-II superficial peritoneal lesion Yes Secretory 

854 Endometriosis 28 III-IV ovarian endometriosis Yes Secretory 

866 Endometriosis 32 I-II superficial peritoneal lesion Yes Proliferative 

901 Endometriosis 44 I-II superficial peritoneal lesion Yes Proliferative 

1008 Endometriosis 42 III-IV ovarian lesion   

1018 Endometriosis 16 I-II cul de sac lesion Yes Proliferative 

1025 Endometriosis 37 III-IV ovarian lesion Yes Proliferative 

1056 Endometriosis 48 I-II ovarian lesion Yes Secretory 

1066 Endometriosis 22 I-II superficial peritoneal lesion No Proliferative 

1068 Endometriosis 17 III-IV deep peritoneal lesion No Secretory 

1080 Endometriosis 20 I-II superficial peritoneal lesion Yes Proliferative 

1084 Endometriosis 42 I-II superficial peritoneal lesion Yes Secretory 

1097 Endometriosis 18 I-II superficial peritoneal lesion Yes Secretory 

1125 Endometriosis 47 III-IV fallopian tube endometriosis Yes Secretory 

805 Endometriosis 25 I-II endometrium Yes Proliferative 

815 Endometriosis 28 I-II endometrium Yes Proliferative 

833 Endometriosis 41 I-II endometrium Yes Proliferative 

834 Endometriosis 36 I-II endometrium Yes Proliferative 

839 Endometriosis 30 I-II endometrium Yes Proliferative 

889 Endometriosis 28 I-II endometrium Yes Secretory 

904 Endometriosis 38 I-II endometrium Yes Secretory 

907 Endometriosis 36 I-II endometrium Yes Proliferative 

920 Endometriosis 32 I-II endometrium Yes Secretory 

924 Endometriosis 38 I-II endometrium Yes Secretory 

947 Endometriosis 22 I-II endometrium Yes Proliferative 
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964 Endometriosis 28 III-IV endometrium Yes Secretory 

968 Endometriosis 17 I-II endometrium Yes Unknown 

974 Endometriosis 41 I-II endometrium Yes Secretory 

980 Endometriosis 32 III-IV endometrium Yes Proliferative 

987 Endometriosis 34 I-II endometrium No Secretory 

994 Endometriosis 34 I-II endometrium Yes Secretory 

804 1ry Dysmenorrhea 32  endometrium Yes Secretory 

821 

Spontaneous 

Miscarriages 29  endometrium Yes Secretory 

829 

Spontaneous 

Miscarriage 42  endometrium Yes Proliferative 

905 Endometriosis 38  endometrium Yes Secretory 

954 Fibroids 37  endometrium Yes Proliferative 

963 CPP 44  endometrium Yes Secretory 

966 Fibroids 45  endometrium Yes Proliferative 

975 Fibroids 43  endometrium Yes Secretory 

983 Fibroids 32  endometrium Yes Proliferative 

986 Metrorrhagia 35  endometrium No Unknown 

991 Fibroids 47  endometrium Yes Secretory 

998 Fibroids 47  endometrium Yes Proliferative 

1019 Ovarian tumor 43  endometrium No Unknown 

1058 CPP 27  endometrium Yes Proliferative 

1095 1ry Dysmenorrhea 21  endometrium Yes Secretory 

 

RESULTS 

Expression profile of H3K27me3 in human 

endometriotic and endometrial tissues 

We measured the concentration and quantified 

H3K27me3 levels in endometriotic and eutopic 

endometrium of cases and controls.  As shown in 

Figure #2, the average total levels of H3K27me3 

were not significantly different (p= 0.3269) in 

endometriotic lesions as compared to eutopic 

endometrium from patients and from controls. 

Immunostaining Intensity of H3K27me3 in 

Human Endometriotic and Endometrial 

Tissues on a TMA  

Nuclear immunostaining for H3K27me3 was 

detected in glands and stroma in lesions and 

endometria; however, significant differences were 

observed between the tissues. Based on the percent 

of positive nuclei, significant differences were found 
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between 1) lesions compared to proliferative 

endometrium from patients, 2) proliferative 

endometrium from patients to secretory 

endometrium from controls and 3) proliferative 

endometrium from controls compared to secretory 

endometrium from controls (Figure #3 and Figure 

#4). In this case, the entire lesion types (ovarian, 

peritoneal, fallopian, skin, and GI) were analyzed 

together. Because the endometriotic lesions are 

more prevalent in the ovaries, peritoneum, and 

fallopian tubes, we focused in the analysis of the 

nuclear immunostaining intensity of this repressive 

histone mark in these types of lesions (Figure #1). 

Based on the HistoScore (defines in Methods), 

significant differences in the strong intensity in the 

nuclear immnumostaining of glands were found 

between 1) proliferative endometrium from patients 

(cases) compared to proliferative endometrium from 

controls and 2) proliferative endometrium from 

controls compared to secretory endometrium from 

controls. In this analysis, the lesion group includes 

only ovarian, fallopian, and peritoneal lesions types. 

However, no significant differences were found 

between lesions and controls (Figure #5).   

Interestingly, the properties of strong staining nuclei 

were higher; however, not significant, in glands of 

certain types of lesions (ig. peritoneal and GI) 

compared to other types and to eutopic endometrium 

(Figure #6).  Strong nuclear staining of H3K27me3 in 

glands was observed in 43% of fallopian 

endometriosis group, 67% ovarian endometriosis 

group, and 62% peritoneal endometriosis group 

compared to 29% in proliferative controls. Taken 

together, endometriosis lesions had 57% of strong 

staining compared to 29% of strong staining in 

controls. However, strong nuclear staining of 

H3K27me3 in stroma shows differences, although 

not significant, between ovarian endometriosis (44%) 

compared to peritoneal endometriosis (72%) and 

fallopian endometriosis group (63%). Taken 

together, endometriosis lesions had 60% of strong 

staining compared to 79% of strong staining in 

proliferative controls and 76% of strong staining in 

secretory control. However, no significant differences 

can be found between the different lesions types and 

controls. 
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Figure #1: Representative images (×40) of H3K27me3 showing different staining intensities in glands and stroma. 

Peritoneal lesions (A-I), Ovarian lesions (J-R), and  Endometrium from Controls (S-XY).  
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Figure #2: Tri-methylation levels in histone 3 lysine 

(K) residue 27 in endometriosis and endometrium 

from patients and controls. Tri-methylation levels 

were determined using the EpiQuick™ Tri-

methylation Assay Kits (Epigentek, Brooklyn, NY) 

following manufacturer’s protocols. The amount of 

methylated protein in nanogram per milligram was 

obtained dividing the methylated protein amount and 

the total protein input amount divided by the slope. 

Average total tri-methylation levels of were not 

significantly different (p= 0.3269) in endometriotic 

lesions as compared to eutopic endometrium from 

patients and from controls for H3K27me3. 

Endometriotoc lesions (n=14), endometrium from 

women with endometriosis (n=15), and endometrium 

from controls (n=15). 

 

Figure #3: Immunostaining intensity (HistoScore) of 

H3K27me3 in endometrial and endometriotic tissues.  

A total 147 of 164 formalin-fixed paraffin-embedded 

endometrial and endometriotic tissues on a Tissue 

Microarray were analysed by Immunohistochemistry. 

HistoScore for all types of lesions was shown in A 

and B. Intensities staining for lesions taking together 

as a group were showed for stroma (A) and glands 

(B). One-way ANOVA analysis was carried out 

among endometriotic lesion locations and the 

proliferative endometrium from patients and 

proliferative and secretory endometrium from 

controls. Analysis was conducted separately for 

stroma and glands
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Figure #4: Intensity of H3K27me3 Stroma 

Immunostaining in Endometrial and 

Endometriotic Samples.  A total of 147 of 164 

formalin-fixed paraffin-embedded endometrial and 

endometriotic tissues on a Tissue Microarray were 

analyzed by Immunohistochemistry. Using the Image 

Scope Program and Aperio Analysis, the 

immunostaining intensity of H3K27me3 in glands 

was evaluated. One-way ANOVA analysis was 

carried out to compare percentage of positive nuclei 

in endometriotic lesion locations, proliferative 

endometrium from patients (cases), and proliferative 

and secretory endometrium from controls, 

respectively. 

 

 

 

Figure #5: Intensity of H3K27me3 Nuclear 

Immunostaining in Endometrial and 

Endometriotic Samples.  A total of 130 of 164 

formalin-fixed paraffin-embedded endometrial and 

endometriotic tissues on a Tissue Microarray were 

analysed by Immunohistochemistry. Using the Image 

Scope Program and Aperio Analysis, the 

immunostaining intensity of H3K27me3 in stroma 

was evaluated. One-way ANOVA analysis was 

carried out to compare percentage of positive nuclei 

in endometriotic lesion locations, proliferative 

endometrium from patients (cases) and proliferative 

and secretory endometrium from controls, 

respectively.  

 

 

Figure #6: Immunostaining Intensity of 

H3K27me3 in Endometrial and Endometriotic 

Tissues.  A total 147 of 164 formalin-fixed paraffin-

embedded endometrial and endometriotic tissues on 
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a Tissue Microarray were analysed by 

Immunohistochemistry. Average of the Nuclear 

Immunostaining Score was showed for stroma (A) 

and glands (B). Analysis was conducted separately 

for stroma and glands. Aperio Immunostaining 

Analysis was performed to identify the intensity of the 

staining. In this figure, an intensity scale shows the 

differences between tissues (strong, moderate, and 

weak).  

DISCUSSION 

Epigenetic mechanisms are emerging as important 

regulators in the pathophysiology of endometriosis; 

however, data is limited to elucidate the role of 

histone methylation in endometriosis (Guo, et al., 

2009). It is well-known that promoter regions of 

endometriosis candidate genes such as HOXA10, 

CDH1, and PR-β are hypermethylated contributing to 

defects in uterine receptivity, invasiveness of 

endometrial cells, and progesterone resistance, 

respectively (Guo, et al., 2007). However, the 

specific mechanism of action of histone marks such 

as H3K27me3 in gene expression in endometriosis 

is still unknown. This study shows for the first time 

that H3K27me3 is an important histone mark that can 

be involved in endometriosis. 

Although immunoassay analysis showed that the 

expression levels of H3K27me3 in lesions compared 

to endometrium form patients and controls were not 

statistical significant, both lesions and endometrium 

from patients had a tendency to have higher levels of 

H3K27me3 than control endometrium (Figure #2). 

However, these samples represent a mixture of 

tissues obtained at different phases of the menstrual 

cycle, which could lead to some individual variations. 

Previous studies in the ERP showed that the pan-

methylation levels of H3K27me (mono-, di-, and tri-) 

were significantly different among groups. Moreover, 

the expression levels of H3K27me pan-methylation 

were higher in endometriotic lesions and 

endometrium form patients compared to 

endometrium of controls (Monteiro, et al., 2013). 

Based on these results further experiments are 

required to elucidate the role of H3K27me1 and 

H3K27me2 in endometriosis. To validate the results 

obtained with the immunoassay analysis, we 

performed the nuclear immunostaining of H3K27me3 

in human endometriotic and endometrial tissues on 

a TMA. 

Based in the intensity of staining, the expression of 

H3K27me3 in the glands and stroma of 

endometriotic lesions (ovarian, fallopian, and 

peritoneal) (Figure#3) does not appear to be different 

from that of eutopic endometrium. However, a 

significant difference was observed between 

proliferative endometrium and secretory 

endometrium (Figure #3, #4 and #5). In this case, the 

difference will be based in the secretion of ovarian 

hormones. This indicates that H3K27me3 will be 

regulated during the menstrual cycle by the ovarian 

hormones progesterone and estrogen. In 

endometriosis, estrogen plays a vital role in the 

establishment of endometriotic lesions due to 

promoter hypomethylation and therefore 

hyperactivation of ER-β (Bulun, et al, 2010). For this 

reason, it is not surprising to expect that H3K27me3 

is regulated by estrogen. Although, we observed 

different strong nuclear immunostaining intensity in 

glands and stroma among lesions no significant 

difference was observed when compared to controls 

(Figure #6). Interestingly, despite high inter-

individual heterogeneity, endometriotic lesions (i.e., 

ovarian and peritoneal) behaved similar to secretory 

endometrium in that they showed a trend towards 

higher levels of H3K27me3). Similar results were 

observed in the ELISA analysis of H3K27me3. In 

addition, we can observe that proliferative 

endometrium form controls behaved similar to 

proliferative endometrium from cases (Figure #3). 

The high inter-individual variability observed in the 

lesions may be due to differences in the menstrual 

cycle phase which were unknown from the patients 

in the TMA.  

Trimethylation of histone 3 at lysine residue 27 is 

mediated by a specific histone methyltransferase 

(HMT) denominates as EZH2. The Enhancer of 
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Zeste Homolog 2 (EZH2) is the catalytic subunit of 

the polycomb repressive complex 2 (PRC2) which is 

the enzyme that catalyze the addition of three methyl 

groups to the residue 27 at the histone 3 (Zhang et 

al., 2012). To understand how H3K27me3 plays an 

important role in the pathophysiology of 

endometriosis, it is important to elucidate the activity 

of the specific HMT for H3K27me3 and the possible 

interplay with other enzymes such as histone 

deacetylases (HDAC’s) and DNA 

methyltransferases (DNMT’s). Preliminary data in 

our lab demonstrates that primary endometriotic cells 

lines are characterized by a high expression profile 

of EZH2 (Colón-Caraballo, et al, SSR-Poster 2013). 

H3K27me3 plays an important role during 

embryogenesis. In embryonic stem cells, H3K27me3 

can be related with different genes, such as HOX 

genes which mediate the animal development 

process. Interestingly, this histone mark is closely 

related with CpG-island on promoter regions (Ku, et 

al., 2008). Moreover, methylation of lysine residue 27 

at H3 is a repressive histone modification that is 

linked to PCR2 HOX gene suppression (Lan, et al, 

2007). In addition, it is well-known that histone 

methylation is correlated with DNA methylation. In 

this case, EZH2 can interact with DNMT3a, 

DNMT3b, and DNMT1 to cause gene repression 

(Kim, et al., 2012). 

Several studies have shown that high levels of EZH2 

correlate with high levels of H3K27me3.  H3K27me3 

blocks the transition from a proliferative phenotype to 

a decidual phenotype in the endometrium (Grimaldi, 

et al, 2011). Different hormonal dependent diseases, 

including breast, prostate, and endometrial cancers, 

are characterized by aberrant expression of EZH2 

and H3K27me3 (Greer et al., 2012). Moreover, 

studies demonstrate that EZH2 responds to estrogen 

stimulation suggesting that this expression of this 

repressive histone mark will be also influenced by 

estrogen. (Guo, et al.,2009).  Because endometriosis 

shares some of the hallmarks of cancer phenotype is 

not surprising to expect high levels of H3K27me3 in 

the lesions compared to endometrium of controls. 

However, in this study we cannot demonstrate that 

the expression levels H3K27me3 were different 

among groups.  

CONCLUSIONS 

The nuclear staining of H3K27me3 in the 

endometriosis lesions was not uniform, contrary to 

what we expected. There may be some differences 

in the tissues studied that need to be identified in 

prospective studies (menstrual cycle phase, disease 

severity, lesion type). There is a need to evaluate the 

expression of this histone mark in additional tissues 

on the TMA. Methylation of histone 3 at lysine 27 is 

associated with gene repression; therefore, it will be 

important to identify the genes that are being 

silenced in endometriosis by this histone mark.  

It is important to note that Immunohistochemistry 

(IHC) is a well-used technique to obtain semi-

quantitative data about the expression levels of 

certain proteins, in our case the levels of H3K27me3. 

The immunostaining levels of H3K27me3 showed a 

higher variability between groups. For this reason, 

the IHC can be used as only a semi quantitative 

method to measure expression levels of H3K27me3 

and not as diagnostic method for endometriosis. 

Although the benefits of the TMA’s usage in 

biomedical research are tremendous, certain studies 

suggest that the staining intensity decrease in 

sections that are prepared from conventional paraffin 

blocks with storage time; thus, resulting in false-

negative results. This problem would be accentuated 

in TMA’s due to the limited tissue representation of 

each case (Fengerbaum, et al, 2004). Some of the 

limitation of the study includes the use of 

endometrium controls with mixed menstrual cycle 

phase (proliferative or secretory) for the 

immnunoassay analyses. In this case, we cannot 

predict if lesions behaved as proliferative 

endometrium or secretory endometrium. However, 

the use of the TMA allows us to observe more in 

depth the similarities in nuclear immunostaining 

intensity of H3K27me3 between secretory 
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endometrium and peritoneal and ovarian lesions, 

respectively. 

In sum, our study demonstrated H3K27me3 

expression in lesions was similar to those observed 

in endometrium from patients and controls. 

Interestingly, peritoneal and ovarian lesions are 

characterized by high nuclear immunostaining 

intensity levels of H3K27me3, and these lesions 

types behaved as secretory endometrium from 

controls showing a trend toward higher levels of 

H3K27me3. These data suggest that histone 

modifications will play an important role in the 

pathophysiology of this disease. Further studies are 

necessary to fully understand how molecular and 

epigenetics alterations such as H3K27me3 

influences the pathophysiology of endometriosis and 

which genes are modulated by this histone mark in 

this enigmatic disease. In addition, the profile 

expression of histone methyltransferase will be 

elucidated to understand the interplay mechanisms 

between these enzymes and histone modifications. 

These observations provide us with a greater 

mechanistic understanding of epigenetic alterations 

in endometriosis and might also help direct new 

therapeutic interventions in the future. 
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ABSTRACT 
Endometriosis is defined as the presence of the 
endometrial tissue outside of the uterine cavity, 
primarily on the pelvic peritoneum, and ovaries. The 
main symptoms are chronic pelvic pain, pain during 
intercourse, and infertility. High CXCR4 mRNA levels 
were reported in endometriotic lesions in a rat model 
of endometriosis and protein expression is higher in 
human endometriosis tissues compared to control 
endometrium. CXCR4 is a G-protein coupled 
receptor, activated by its specific ligand, chemokine 
stromal cell-derived factor (CXCL12). CXCR4 is 
predominantly expressed by endometrial epithelial 
cells (EEC) and its ligand, CXCL12, by endometrial 
stromal cells. The CXCR4-CXCL12 axis is a potent 
inducer of angiogenesis, migration/invasion and cell 
proliferation. It has been shown that the CXCR4-
CXCL12 axis can induce angiogenesis by inducing 
expression of vascular endothelial growth factor 
(VEGF). We hypothesize that CXCL12 can induce 
the expression of VEGF and its receptors, (VEGFR1 
and VEGFR2) in EEC. The aim of this study is to 
determine if CXCL12 induce the expression of the 
angiogenic factors, VEGF and its receptors, in EEC. 
Cells were incubated with hrCXCL12, and the 
expression of VEGF and its receptors was assessed 
by Western blot. Preliminary results showed that 
EEC only expresses VEGFR1. We expect to 
determine the effects of CXCL12 in the expression of 
the angiogenic factors studied in EEC and 
endometriotic epithelial cells (12z). Our findings may 
have implications for future therapeutical strategies 
that may target the angiogenic components of 
endometriosis.  

BACKGROUND 
 

Endometriosis is defined as the growth of the 
endometrial tissue outside of the uterine cavity, 
primarily on the pelvic peritoneum, ovaries and 
fallopian tubes. The main symptoms of 
endometriosis are chronic pelvic pain, pain during 
intercourse, and infertility (Bulun, et al., 2009,  
 
 

 
Giudice, et al., 2010) High CXCR4 mRNA levels 
were reported in endometriotic lesions in a rat model 
of endometriosis and protein expression is higher in 
human endometriosis tissues compared to control 
endometrium (Flores, et al., 2007). CXCR4 is a G-
protein coupled receptor, activated by its specific 
ligand, chemokine stromal cell-derived factor 
(CXCL12) (Sauvé, et al., 2009). CXCR4 is 
predominantly expressed by endometrial epithelial 
cells (EEC) and its ligand, CXCL12, by endometrial 
stromal cells (HESC) (Ruiz, et al., 2010). The 
CXCR4-CXCL12 axis is a potent inducer of 
angiogenesis, migration/invasion and cell 
proliferation (Mizokami, et al., 2004). It has been 
shown, that the CXCR4-CXCL12 axis can induce 
angiogenesis by inducing expression of vascular 
endothelial growth factor (VEGF) (Teicher, et al., 
2010). VEGF is a critical mediator of angiogenesis 
and tumor proliferation and induces cellular 
processes that are common to many growth-factors 
receptors, including cell migration, survival and 
proliferation (Olsson, et al., 2006). VEGFs are crucial 
regulators of vascular development during 
embryogenesis (vasculogenesis) as well as blood-
vessel formation (angiogenesis) in the adult. Our aim 
is to determine if CXCL12 induces the expression of 
the angiogenic factor VEGF and its receptors, in 
endometrial and endometriotic epithelial cells. We 
hypothesized that CXCL12 induces the expression of 
VEGF and its receptors, VEGFR1 and VEGFR2 in 
endometrial and endometriotic epithelial cells in a 
dose dependent manner. 
 

METHODOLOGY 
Tissue Culture 

The Endometrial epithelial cells (EEC) (donated by 
Dr. Asgerally Fazleabas (Michigan State University) 
and the Endometriotic Epithelial cells (12z) were 
maintained at 37°C in a humidifier incubator with 5% 
CO2. The EEC cells were maintained and cultured in 
the complete media containing the GIBCO 11765 F-
12, 5% of antibiotic/antimicotic , 8 uL of bovine insulin 
and 10% of Fetal Bovine serum. The 12z cells were 
maintained and cultured in DMEM/F12, 
supplemented with HI-FBS 1x Pen/Strep and 1x 
NaPyruvate. For the CXCL12 ligand treatments 
100,000 cells were cultured in a six well plate. The 
ligand was added a two different concentrations 10 
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ng/ul and 100 ng/uL. After 24h and 48h of incubation 
of the treatments the proteins were isolated. 

Protein Isolation 

Before performing the protein isolation, the 
supernatant was collected to perform the ELISA 
assay. The EEC and 12z cells were washed with 
Phosphatase Saline Buffer (PBS) and trypsinized 
and centrifuged. After that the cells were lysed with 
the RIPA lysis buffer [50mM Tris-HCI (pH7.5), 150mM 
NaCI, 1%NP-40, 1mM Na3VO4, 1mM NaF, 
supplemented with protease inhibitors (Roche)]. 

Western Blot 

After collecting the proteins, the total concentration 
was determined using the Bio-Rad Protein assay. 
The proteins were heat at 95°C during 5 minutes. 
The western blot were performed during 1 hour at 
100 V. Next, the proteins were blotted in a 
nitrocellulose membrane for 1 hour at 4°C, and 
stained with Ponceau S The membranes were 
blocked with 5% skim milk in Tris-buffered saline with 
0.05% Tween-20 (Tween-Tris buffered saline 
[TTBS]) for 2 hours, and incubated in primary 
antibody VEGFR1 or VEGFR2 (Cell signaling 
Technologies, Danvers, MA) overnight at 4°C. The 
membranes were washed 3 times with TTBS and 
incubated with horseradish peroxidase-conjugated 
secondary antibody during 2 hour at room 
temperature. Next, membranes were washed 3 times 
with TTBS and the enhanced chemiluminescence 
substrate (Thermo Scientific). Finally, the 
membranes were analyzed using the automated 
image documentation system (ChemiDoc XRS Bio-
Rad) and band density was analyzed using Quantity 
One software (Bio Rad, Hercules, CA).  

Elisa 

Cell culture supernatant was collected, centrifuged, 
and stored in aliquot at -20 ºC. VEGF was determine 
using a human VEGF Quantikine® ELISA (R&D 
systems, Minneapolis, MN) following manufacturer’s 
instructions (Tsutsumi et al. 2010).  Briefly, the assay 
diluent was added to each well, and standard, or cell 
culture supernatant sample, and incubated during 2 
hours, then the diluent was removed followed by 
three washes.  VEGF conjugated was added to each 
wells and incubated during 2 hours at room 
temperature on a shaker, followed by washes.  The 
substrate solution was added to each well and 

incubated during 30 minutes at room temperature in 
the dark. Finally, the optical density was determined 
using a microplate reader using a microplate reader 
(MRX Revelation, Dynex Technologies, Chantilly, 
VA) set to 450 nm with correction wavelength set at 
540 nm. 

METHODOLOGY 
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DISCUSSION 
The CXCR4-CXCL12 mechanism does not mediate 
the angiogenesis mechanism in endometriosis. 
Although, our western blots results shows that the 
presence of the VEGFR1 (Figure 1) in the EEC, and 
the presence of the VEGFR1 and VEGFR2 (Figure 
2) in the 12Z cells; these receptors does not induce 
angiogenesis in endometriosis. The expression 
levels of  the VEGF receptors detected in the EEC 
and 12Z cells by the average densitometry at 
different concentrations of the CXL12 (10ng/ml and 
100 ng/ml) in the incubation periods (24h and 48h) 
are not higher than the detected levels in  controls. 
The low levels of expression of the VEGF receptors 
detected in both cell lines could be basal expression 
of the receptors. The quantification of the expression 
of the VEGF receptors in the supernatants of both 
cell lines by ELISA, also confirmed that the 
angiogenesis pathway is not mediated by the 
CXCR4-CXCL12 axis. The ELISA (Figure 3) results 
showed that the expression of both VEGF receptors 
are not statisticaly significant regulated by the 
CXCL12 ligand in a dose dependent manner the 
EEC and 12Z cell lines.  

 

 

 

 

This suggest that the angiogenesis mechanism and establishment of the lesion in 
endometriosis could be mediated by other pathway or molecules.   
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CONCLUSIONS 
We demonstrated that the EEC only expresses 
VEGFR1 and the 12z expresses the VEGFR1 and 
VEGFR2. The VEGFR1 and VEGFR2 expression 
are not statistically significant regulated by CXCL12. 
The ELISA results showed that the expression of the 
VEGF is not statistically significant regulated in EEC 
and 12z in response to CXCL12 treatment. These 
data suggests that CXCR4-CXCL12 axis does not 
activate the VEGF mediated angiogenesis in 
endometrial cells.  
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ABSTRACT 
Because of the transmission of avian influenza virus 
(AIV) H5N1 from birds to humans, an increase in 
surveillance activities has occurred. These 
surveillance studies are important for discovering 
potential reservoirs or sources of new strains of AIV 
that could be a threat to human and/or animal health. 
The success of detection by current surveillance 
methods depends on sample handling, and the 
maintenance of samples at low temperature is 
critical. Broadly used sampling strategies for AIV in 
wild birds consist of collecting oropharyngeal, 
tracheal, and/or cloacal swabs and placing them in 
viral transport media and maintaining the samples on 
ice both in the field and during shipping. The 
objective of this study was to evaluate a sample-
collection system in which maintenance of the cold 
chain during sample collection (in the field) and 
transport would not be critical to the preservation of 
sample integrity. We hypothesized that the Simport 
Matrix-Chaperone (SMC) system would be useful 
and effective for the storage and transportation of 
AIV samples. Stability of a low pathogenic H5N3 AIV 
was tested using the following 3 different matrices: 
microcrystals, microspheres, and elastomer. Our 
studies show that samples reached complete 
dehydration after 24 h of storage at room 
temperature. Following 3 days of room temperature 
storage, the samples were retrieved from the 
different matrices and tested for the viability of the 
virus by virus isolation and for the presence of the 
AIV matrix gene by real-time RT-PCR. The AIV 
matrix gene was detected in all 3 matrices tested and 
was isolated from the microsphere and microcrystal 
matrices. This study showed that the SMC system 
could provide an advantageous and simple system 
that could be used for the collection and transport of 
samples, by reducing the need for the maintenance 
of the cold chain.  

 

BACKGROUND 
Avian influenza is caused by type A influenza virus, 
which belongs to the family Orthomyxoviridae. Type  

 

A influenza viruses are serologically categorized into 
16 hemagglutinin subtypes (H1-H16) and 9 
neuraminidase subtypes (N1-N9), all of which have 
been identified in birds. (Swayne et al.). Wild 
waterfowl, primarily species in the Charadriiformes 
and Anseriformes orders, are the natural reservoirs 
for type A influenza viruses. The migratory nature of 
the primary reservoirs and the persistence of the 
avian influenza virus (AIV) in them represent a 
potential vehicle for the global dissemination of the 
virus and a source of viruses and genetic material for 
new pandemic strains. These viruses are 
occasionally transmitted to other species, including 
humans, poultry, and swine, resulting in subclinical 
to highly pathogenic diseases. (Ferro et al., 2010). 
The possibility that the AIV could represent a global 
threat to humans and animals is very concerning, 
and in the last years there has been an increased 
effort to do surveillance studies of wild birds. These 
studies could target new AIV strains in wild birds and 
thereby lessen the public health impact of the avian 
influenza. Current avian influenza surveillance 
programs involving wild birds rely on sample 
collection methods. Traditional sampling strategies 
for AIV in wild birds include collecting oropharyngeal, 
tracheal, and cloacal cotton swabs and immediately 
placing them in some kind of cold transport media. 
Maintaining the cold chain in the AIV sample is 
critical for the viability of the virus, including its 
infectivity and nucleic acids. Disruptions in the cold 
chain can negatively affect process used in the 
diagnosis and detection of the virus. Under field 
conditions, sample storage and maintaining the cold 
chain during the transportation of the AIV samples 
are difficult, especially when the surveillance study is 
being conducted in a less developed or remote area. 
The overall objective of this investigation is to 
evaluate a sample collection system for which the 
maintenance of the cold chain in the field during 
sample collection and transport is not critical to the 
preservation of sample integrity. Specifically we 
determined when the matrices reach the dehydration 
of the sample, and the effects of the Simport Matrix-
Chaperones on the recovery of the virus following 
room temperature storage. 

The Simport Matrix-Chaperones is a sample 
collection system that consists of 2 tubes, in which 
the sample is stored in a matrix in the cap of the tube 
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at room temperature. The Matrix-Chaperone (MC) 
tube is for sample storage; it contains a matrix for 
sample storage, a desiccant agent, and a rehydration 
tube for retrieving the sample. The Simport Matrix-
Chaperones has 3 different types of matrices: 
elastomer, a medical-grade open pore 90 ppi 
hydrophilic polyurethane foam, microsphere, 
plasma-aminated polyethylene spheres (425-500 
uM), and microcrystal, food-grade water soluble 
sucrose crystals (400-600 uM). The matrices will 
dehydrate the samples, thereby allowing those 
samples to be stored at room temperature. After an 
incubation of 72h, samples can be retrieved in the 
rehydration tube using as rehydration liquid 
phosphate buffered saline, viral transport media 
(VTM), or nuclease-free water, etc. We hypothesized 
that the Simport Matrix-Chaperones would be useful 
for the storage and transportation of AIV samples at 
room temperature, meanwhile keeping the virus 
active and viable without disrupting the cold chain. 
To test the utility of the Simport Matrix-Chaperones, 
the rH3N5107.66 avian influenza isolate was stored 
in the system and retrieved for the detection of the 
AIV matrix gene by real-time RT-PCR and AIV virus 
isolation. 

METHODOLOGY 
Before running the experiments, we performed trials 
to determine the optimum dilution to work with the 
matrices as well as the matrix treatment to be used. 
The obtained results showed (via PCR) positive 
results for the AIV matrix gene, and we were able to 
isolate the virus in embryonated chicken eggs 
inoculated with the samples. 

Storage of the virus sample in the Simport 
Matrix-Chaperones 
 
The avian influenza virus rH5N3 107.66 was diluted 
to be stored in the Simport Matrix-Chaperones. The 
dilutions used—undiluted and 10-3—were previously 
tested. The Simport Matrix-Chaperones (elastomers, 
microcrystals, and microspheres) were loaded with 
the sample according to the amount established by 
the manufacturer. The microsphere and the 

microcrystal matrices were loaded with 150 L and 

the elastomer with 300 L of the virus sample in the 
MC cap, respectively. After the sample was loaded, 
it was left to soak for 5 minutes. Then the MC tubes 
were screwed on to the MC cap (the tube was cap-
side down). The microcrystals had to stay cap-side 

down for 24h for incubation while the sample dried. 
Then it could be stored with any orientation. The 
microshepere and the elastomer matrices can be 
stored with any orientation.  

Retrieving samples from the Simport Matrix-
Chaperones 
 
After an incubation of 72h, the samples were 
retrieved. The rehydration tubes were filled with the 
liquid for rehydration, and the rehydration caps were 
discarded. VTM was used as the rehydration liquid: 

600 L for microcrystals and microspheres and 1200 

L for elastomer. To rehydrate the samples, the MC 
caps were unscrewed from the MC tubes and 
replaced with the rehydration tube. The rehydration 
tubes were turned cap-side down and allowed to 
incubate for 2h and were periodically vortexed at 15s 
intervals during this time. After the incubation time, 
the rehydration tubes were turned upright and 
centrifuged at 1000 xg for 2 minutes to get each cap’s 
contents to the bottom of the tubes. After the samples 
were retrieved, they were in different dilutions in the 
rehydration tubes. The microcrystals were dissolved 
in the sample at a final dilution of 1:6. The 
microspheres were floating at the top of the liquid in 
the tubes, and the liquid was retrieved by pipetting 
underneath the layer of the beads. The sample in the 
microsphere matrix was at a final dilution of 1:4. The 
elastomer had fallen out of the cap during the 
centrifugation and was removed from each cap with 
a pair of tweezers after which it was transferred to a 
spin basket. The spin baskets were centrifuged at top 
speed for 5 minutes. The spin baskets contained the 
samples at a final dilution of 1:4. All the samples were 
transferred to 1.5 ml tubes to be processed by RT-
PCR and virus isolation. 

Kinetic Study 

For determining when the matrices reach the 

dehydration of the sample 150 L of amnio-allantoic 
fluid were loaded in the elastomer, microspheres and 
microcrystals matrices. The MC cap with the amnio-
allantoic fluid was weighed every hour for 8h during 
2 days. 
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Real Time-Polymerase Chain Reaction (RT-
PCR) 

For RT-PCR, the RNA was extracted from the 
- 96 Viral Isolation Kit 

(Ambion, Austin, Texas, USA) according to the 
manufacturer’s instructions. The extracted RNA was 
transferred to 0.5 ml tubes and then to the PCR 
reaction tubes. RT-PCR was performed using the 
TaqMan AIV-Matrix kit (Ambion), a 1-step RT-PCR 
kit used for the detection of the AIV matrix gene, 
according to the manufacturer’s instructions, in a 

iCycler iQ thermocycler (Bio-Rad), using 25 L as the 
final volume. Primers and probe for the matrix gene 
were those described by Spackman et al., 2002. The 
protocol used for the amplification was 10 minutes at 
45°C followed by 15 minutes at 95°C and 40 cycles 
of 15 seconds at 95°C and 1 minute at 60°C. 

Virus Isolation 

For virus isolation, we used the retrieved samples 
and inoculated them via the allantoic route into 
specific antibody-negative (SAN), 9-day-old 
embryonated chicken eggs (0.2ml/per egg). The 
eggs were incubated at 37°C over a period of 5 days. 
Amnio-allantoic fluid was collected after death or 5 
days of incubation. All the collected amnio-allantoic 
fluid was subjected to hemagglutination assays. The 
hemagglutination assays were performed with 
twofold serial dilutions of the virus mixed with chicken 
erythrocytes cells at 1%. The samples positive for 
hemagglutination were further tested by FluDetect in 
order to detect the presence of avian influenza virus. 

 

 

RESULTS 
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DISCUSSION 
The main objective of the surveillance studies is to 
target new avian influenza virus reservoirs that could 
represent a potential vehicle for the global spread of 
new virus strains. Surveillance studies depend on 
collecting samples from wild birds in the field, which 
samples require cold storage for transportation. 
Sometimes sample collection in surveillance studies 
is very difficult because of the maintenance of the 
cold chain. The Simport-Matrix Chaperone system 
would reduce the disruptions to the cold chain, 
thereby allowing effective AIV sample collection, 
detection, and isolation. 

The storage and rehydration of samples in the 
Simport Matrix-Chaperone system is very easy and 
simple. However, the rehydration of the elastomer 
matrix is more arduous. The elastomer matrix was 
centrifuged in spin baskets to rehydrate the sample. 
After centrifugation, the elastomer fell out of the MC 
cap; consequently, the elastomer was squeezed with 
a pair of tweezers, extracting all the remaining viral 
transport media, even though it is unclear whether 
this could affect the recovery of the virus. 

To determine when the matrices reached the 
complete dehydration of the sample we performed a 
kinetic study. The results (Figure 1) demonstrate that 
sample dehydration in the microcrystal, microsphere, 
and elastomer matrices occurs within 24 hours. The 
fast dehydration of the sample in the matrix is a great 
property that will reduce the changes in the cold 
chain of the samples and will let the sample storage 
at room temperature. Still, the dehydration of the 
samples in the matrices could be accomplished more 
quickly; using the desiccant agent of the MC tube for 

the kinetics study could accelerate the dehydration of 
the sample. 

Three different types of matrices were tested for virus 
isolation, and the presence of the AIV matrix gene 
was determined by RT-PCR. In the microcrystal, 
microsphere, and elastomer matrices, we were able 
to detect the presence of the AIV matrix gene, 
obtaining low Ct values (Table 1). Lower Ct values 
point to more nucleic acid in the sample, while higher 
Ct values indicate less nucleic acid. We did not 
observe a significant difference between Ct values; 
they were very similar, indicating a large amount of 
the AIV matrix gene. 

The samples retrieved from the Simport Matrix-
Chaperones were inoculated in SAN, 9-day-old 
embryonated chicken eggs. The amnio-allantoic fluid 
collected from the dead eggs was further tested by 
hemagglutination assay. The microsphere and 
microcrystal matrices were positive for 
hemagglutination. We confirmed the presence of AIV 
by Fludetect, which test also showed positive results 
for both of the matrices. In the elastomer matrix, we 
did not isolate the AIV. The hemagglutination assay 
and the FluDetect for the elastomer matrix were both 
negative. This may have occurred because the virus 
remained in the elastomer. The elastomer is 
polyurethane foam and might need more than 2 
hours of incubation during rehydration to permit the 
recovery of more virus. In the future, we can also 
perform an EID50 to determine the amount of the 
virus in the collected fluid or observe the fluid by 
electron microscopy to observe virus particles.  

To determine which Simport Matrix-Chaperone 
matrix is better for storing and transporting the AIV 
samples, these experiments will be performed with 
cloacal and tracheal swab samples collected in the 
field. The best matrix will be used to design a swab 
made of the matrix simplifying even more the use of 
the system. Also we want to determine the effects 
that other storage conditions, such as longer storage 
of the sample (and at different temperatures) in the 
matrices, have on AIV recovery. We want to use 
temperatures that are similar to the temperatures in 
the field. This would give us more accurate results 
and a better understanding of the capacity of the 
matrices for the storage and the viability of the virus 
in them. 
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The Simport Matrix-Chaperone is a useful system for 
the storage and transport of AIV samples at room 
temperature. We detected the presence of and 
isolated the AIV after 3 days of storage at room 
temperature without maintaining or disrupting the 
cold chain of the samples. The Simport™ Matrix-
Chaperone system could provide an advantageous 
and simple system for the collection and transport of 
samples by reducing the need for the maintenance 
of the cold chain. Providing a system that could be 
used in exploratory surveillance studies that are 
conducted in less developed or remote areas. Also, 
the system can contribute to the identification of AIV 
reservoirs that potentially could be transmitted to 
other animals besides birds and to humans. 

CONCLUSIONS 
Allantoic fluid inoculated on the microcrystal, 
microsphere, and elastomer matrices were 
completely dehydrated within 24 hours. RT-PCR 
showed similar results for samples stored in the 
different Simport™ Matrix-Chaperones: All were 
positive for AIV matrix gene. We were able to isolate 
viable virus from the microcrystal and microsphere 
matrices but not from the elastomer matrix.  
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ABSTRACT 
The cytoskeletal protein actin is an essential 
molecule involved in maintaining cell structure, 
allowing motility, and facilitating intracellular 
transport and communication. A disruption in the 
normal function of actin produces negative 
consequences for the cell. It has been seen 
throughout the infection process of HIV that different 
cell types undergo changes in their intracellular actin. 
Studies have revealed that the HIV accessory protein 
Nef is involved in many processes that alter the actin 
cytoskeleton when a cell is infected. The effect of Nef 
within astrocytes has been studied for the past 
decade, but little is known about the interaction 
between Nef and the astrocyte cytoskeleton. We 
propose that Nef induces morphological changes in 
astrocytes by altering cellular actin, as has been 
reported to be the case for other cell types. This 
effect may have implications in terms of the transfer 
of Nef from infected astrocytes to neighboring cells 
that are HIV negative. Using immunofluorescence 
microscopy allows us to properly assess differences 
in cellular actin within Nef-transfected astrocytes 
using GFP as a control. The use of flow cytometry 
allows us to monitor the transfer of Nef between Nef-
transfected and non-transfected astrocytes using a 
GFP-tagged Nef protein. Preliminary results suggest 
that there are no extensive morphological changes 
caused by Nef expression in astrocytes. The data 
were inconclusive regarding protein transfer because 
of technical issues. As a possible future experiment, 
we will repeat immunofluorescence microscopy with 
phalloidin, a filamentous actin (F-actin)-specific 
marker, as the changes by Nef may be related more 
to actin function than to total cellular actin level. 

 

BACKGROUND 
As one of the main cytoskeletal proteins, actin is 
subject to specific and non-specific interactions. 
Because of the many interactions of this protein, it is 
involved in several critical processes that are 
essential for cell survival. The polymeric form of F-
actin is present in the microfilaments of the cells that  

 

 

serve as an anchor system for many cell membrane 
proteins, including CD4, the HIV main receptor, and 
co-receptors CXCR4 and CCR5. The virus takes 
advantage of this interaction, and from early infection 
it manipulates the anchoring actin to aggregate these 
receptors, thereby facilitating viral and cell 
membrane fusion (Jimenez-Baranda et al., 2005). 
Studies by Luo T. et al. (1998) showed that this entry 
pathway is required for the enhancement of viral 
infectivity by the viral accessory protein Nef. There is 
evidence that Nef interferes with actin remodeling, 
which is needed when the immunological synapses 
between T-cells and B-cells are formed, challenging 
but not blocking the immunological response to the 
virus. Even though this interaction has been well 
observed (Rudolph, J.M. et al., 2009), evidence 
suggests that Nef does not prevent the formation of 
similar actin-rich extensions used for viral 
transmission between cells (Nobile, C. et al., 2009). 
This selective inhibition could be of importance in 
understanding the effect, reported by Luo T. et al. 
(1998), of the dependence of Nef on the actin 
cytoskeleton to increase viral infectivity. 

While it is clear that Nef is able to modulate actin in 
productively infected HIV cells, little is known about 
Nef/actin interactions in non-traditionally infected 
cells such as astrocytes. Even though infection does 
occur in astrocytes, they are unable to produce 
functional virus, but are able to produce functional 
viral proteins. Because of this, they are referred to as 
non-productive cells (Gorry P et al., 1998). Nef is 
especially highly expressed by infected astrocytes 
(Ranki A et al., 1995,). Learning impairments have 
also been reported in rats with Nef-expressing 
astrocytes (Chompre, G et al., 2013). The presence 
of Nef in astrocytes has been found to create adverse 
effects for the surrounding environment. Because of 
the many functions attributed to Nef regarding the 
actin cytoskeleton and its high expression in 
astrocytes, there is a high potential for some kind of 
interaction. 

 

METHODOLOGY 
Cell culture and transfection. SVGA human fetal 
cells were grown using DMEM with 10% FBS, 1% 
nonessential amino acids, L-glutamine, Pen Strep, 
and sodium pyruvate. Cultures were placed in an 
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incubator at 37˚C in an environment of 5% CO2. 
Growth medium was changed every 2 to 3 days. 
Cells were cultured in T75 polystyrene flasks 
(Corning) until confluency was reached. Once 
confluency was achieved, cells were washed in 5mL 
of PBS and separated using trypsin EDTA (1x). 
Using premade plasmids containing either a NEF-
GFP(15μg/μl) vector, Nef vector (5μg/μl) or GFP 
vector (5μg/μl), depending on treatment conditions, 
cells were electroporated using the Gene Pulser 
Xcell Electroporation system from Bio-Rad (250 volts 
for 35ms using a 4mm cuvette). 

Flow cytometry. Cells were prepared to express 
Nef-GFP or had their membranes stained using a 
CellBrite Blue Cytoplasmic Membrane Staining Kit 
(Biotium, Cat.# 30024). They were then seeded in a 
6-well tissue culture plate (BD Falcon, Cat,# 353046) 
at a density of 5x105 /mL for each treatment. Cells 
were seeded in the same well for direct contact or 
were seeded on separate surfaces; Nef-treated cells 
were seeded inside a 0.3 μm insert (BD Falcon, 
Cat.# 35309) and membrane-stained cells inside the 
well. Co-cultured conditions were maintained for 24 
or 48 hrs. After the corresponding exposure time was 
completed, cells were fixed using 0.5% 
paraformaldehyde and sent to be counted by a 
FACSAria flow cytometer (Becton Dickinson, Cat.# 
337426). 

Immunofluorescence. Astrocytes were transfected 
with a Nef (5μg/μl) or GFP plasmid (5μg/μl) and 
placed in a 2-well slide chamber (Thermo Scientific, 
Cat.# 177380) at a density of 500,000cells/mL. After 
24 or 48 hours of growth in the slide chambers, cells 
were washed with 500μl of PBS and fixed in 2% 
paraformaldehyde. Additional washes were done in 
100% methanol, 0.1% Triton and PBS. Cells were 
treated with an anti-β-actin rabbit antibody (Life 
Technologies, Cat.# A31629) in a 1:500 dilution in 
1% blocking solution (0.5g of bovine albumin serum 
in 50mL of PBS) and incubated at 4˚C for an hour. A 
fluorescent secondary anti-rabbit antibody (Sigma-
Aldrich, Cat.# A5060) in a 1:500 dilution in 1% 
blocking solution was added to the slide and 
incubated in the dark for 1 hour. Following the 
incubation, 500 μl of DAPI (0.5 μl of 13.4mM DAPI in 
50 mL of PBS) was added and incubated for 10 
minutes in the dark. A final PBS wash was performed 
and the slides were cover slipped before being taken 
for analysis. 

 

RESULTS 
Immunofluorescence microscopy. We did not see 
any significant morphological changes between Nef 
(Figure 1A) and GFP (Figure 1B) at the times tested 
(24 hrs, 48 hrs) when we looked at total cellular actin. 
The transfection of Nef and GFP was verified and 
confirmed (Figure 2). Flow cytometry. Because of 
the overlapping wavelengths of the fluorophores 
used in our experiments, the flow cytometer could 
not differentiate Nef-positive cells from Nef-negative 
ones; therefore, a proper assessment of Nef transfer 
was not possible.  

 

 
 
 
 
 
 
 
 
 
 

                                                                                                                                                                                                                                                                                                                                                                                             
Figure 1: Merged images of immunofluorescence microscopy for GFP (A) and Nef 
(B) at 40x. Both of these images have the fields for DAPI (blue nuclear stain), green 

(for GFP, thus absent in B), and red (for actin staining). Aside from a fusion of cells 
in the lower right corner of the GFP-treated cells, no apparent differences can be 
seen in the morphological or actin structures when Nef is compared with GFP. 

 

Figure 2: Cell transfection for Nef and GFP. A) In order to verify whether cells were 
being efficiently transfected with Nef, we used a NEF-RFP plasmid, and by using 
immunofluorescence microscopy, we were able to confirm transfection by Nef due 
to the red staining in (A) and confirm that there was no contamination of the GFP 
transfection by Nef. B) We can see that cells were transfected and that at 48 hours, 

GFP expression is still high. Thus our failures to detect changes in actin were not 
due to technical problems with transfection. 
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CONCLUSSIONS 
The methodology we used failed to show a difference 
in actin caused by Nef transfection. Future 
experiments using phalloiden that will allow us to 
look for differences in actin filaments caused by Nef 
may provide important data. This belief is supported 
by the findings of Luo T. et al. (1998), which findings 
showed that F-actin was the primary form of actin 
that was affected by Nef. These data are important 
because they may add to a field of interest about Nef 
and its diverse actions in astrocytes. These activities 
are very critical to understand HIV neuropathology. 
Viral protein production, which is a hallmark of HIV 
infection in astrocytes and drives 
neuropathogenesis, is not targeted by any current 
treatment. Since viral protein synthesis is not 
prevented even in properly treated patients, new 
therapies are needed to improve the quality of life for 
those who have an extended lifespan thanks to 
current antiretroviral therapy. 
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ABSTRACT 

Endometriosis is defined as the presence and growth 

of endometrial tissue, shed in response to the 

monthly hormonal cycle, outside of the uterine cavity. 

It is characterized as an inflammatory and painful 

disease. Women with endometriosis suffer from 

chronic pelvic pain, pain during the intercourse, and 

often infertility. Unfortunately, the specific cause of 

this disease has not been found, and as a 

consequence there is no cure. Different factors can 

be involved in the pathogenesis of endometriosis 

including immunological, genetic and environmental 

factors. Currently, epigenetic factors have shown to 

play an active role in endometriosis. Epigenetics 

refers to the process by which gene expression is 

regulated without a change in the DNA sequence. 

Epigenetic mechanisms include: DNA methylation 

and histone modifications (e.g., acetylation, 

methylation, phosphorylation). The aim of this study 

was to determine the level of expression of enzymes 

that add a methyl group to the histone tails, called 

histone methyltransferases (HMTs), in 

endometriosis. We hypothesized that the HMTs 

known as EZH2, SUV39H1, SUV39H2, G9A, Set1, 

Set9 and SetDB1 are highly expressed in 

endometriotic cell lines compared to normal 

endometrial cell lines, at levels comparable to those 

of cancer cell lines. Protein extraction and Western 

Blot analysis were performed to profile the 

expression of HMT’s in these cells.  We observed 

differential expression of HMTs in the cell lines tested 

and identified potential endometriosis-specific 

expression of these enzymes. The future contribution 

to this field may be done by investigating if HMTs are 

over-expressed in endometriosis tissues and testing 

their efficacy in an animal model of endometriosis. 

Furthermore, the importance of this investigation lies 

in supporting the possible use of HMT inhibitors as a 

treatment for endometriosis. 

 

 

BACKGROUND 

Endometriosis is defined as the presence of normal 

endometrial tissue (glands and stroma) outside the 

uterus (Bulun, 2009). This endometrial tissue 

becomes trapped, finding no way to exit the body. 

The surrounding tissue may become irritated and 

develop scar tissue and other adhesions. This 

disease is known to affect 10% of the worldwide 

women population. The main characteristic 

symptoms of this disease are severe pelvic pain 

during the period, pain during the intercourse, and 

often fertility problems. Currently there is no cure for 

endometriosis. The only treatments that are available 

are hormones (e.g., progestins, oral contraceptives), 

but these are not curative and cause significant side 

effects. Genetic and inflammatory factors have been 

shown to be involved in this disease. Recently, 

epigenetic factors including histone modifications 

have shown to play an active role in endometriosis.  

Epigenetics consist in the regulation of gene 

expression without changes in the DNA sequence. 

Histone methyltransferases (HMTs) act by adding a 

methyl group to the histone tails and changing the 

level of expression of genes by changing the 

conformation of the DNA to allow the transcriptional 

machinery of the promoter regions. We hypothesize 

that the levels of expression of some HMTs will be 

higher in endometriotic cell lines compared to normal 

endometrial cell lines. It is important to identify the 

HMTs involved in this disease because these 

enzymes can be targeted using inhibitors, which can 

become potential new therapies for endometriosis.  

The specific aim of this investigation is to assess the 

pattern of histone methyltransferase (HMTs) 

expression in endometriotic and endometrial cell 

lines using Western Blot.  

METHODOLOGY 
Cell culture: For these studies the following cell lines 

were cultured and the protein was extracted using 

standard methods.  

 Hs578T  = Breast carcinoma cell line, highly 
invasive. 
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 MCF-7 = Breast carcinoma cell line, non-
invasive. 

 Primary C = Stromal Endometriotic cell line, 
primary (not immortalized) developed in our 
lab from a lesion. 

 Primary D = Stromal Endometriotic cell line, 
primary (not immortalized) developed in our 
lab from a lesion. 

 HESC = Stromal Endometrial cell line. 

 EEC = Epithelial Endometrial cell line (there 
are reports of this cell line being identical as 
MCF-7). 

 12Z = Epithelial Endometriotic cell line. 
 

Western Blot: We conducted Western blot analysis 

of protein extracts obtained from the cell lines 

described above. Western blot analysis was 

performed following methods described previously 

(Ruiz A, et al., 2010). Cells were washed 3 times in 

phosphate buffered saline (PBS), detached using a 

cell scraper and centrifuged for 10 minutes at 2000g 

at 4C. The pellet was resuspended in lysis buffer 

containing 2% sodium dodecyl sulfate (SDS) in PBS, 

supplemented with proteinase and phosphatase 

inhibitors. Cell lysates were boiled 5 minutes, and 

passed 3 times through a 27-gauge needle. Total 

protein concentration was quantified using Bio-Rad 

Protein assay, and 10 mg of total proteins were 

electrophoresed in 10% SDS-polyacrylamide gels on 

a Miniprotean III system (Bio-Rad), blotted onto a 

nitrocellulose membrane for 1 hour at 4C, and 

stained with Ponceau S (Sigma-Aldrich, St. Louis, 

Missouri) to verify uniformity of sample loading and 

transfer. Membranes were blocked with 5% skim milk 

in Tris-buffered saline with 0.05% Tween-20 (Tween-

Tris buffered saline [TTBS]) for 2 hours, and 

subsequently incubated in a 1:500 dilution of the 

primary antibody (Anti-EZH2, Epigentek, New York; 

Anti-SET-1, Epigentek, New York; SETDB1, 

Epigentek, New York; SUV39H1, Epigentek, New 

York; SUV39H2, Epigentek, New York; G9A, 

Epigentek, New York; SET-9, Epigentek, New York; 

anti-GAPDH,Santa Cruz Biotechnology, Santa Cruz, 

California) overnight at 4C. Membranes were 

washed 3 times with TTBS and incubated, 

depending of the description provided by the 

company, with goat, rabbit or mouse peroxidase-

conjugated secondary antibody (1:2,500 dilution) for 

1.5 hours at room temperature. Finally, membranes 

were washed 3 times with TTBS and the enhanced 

chemiluminescence was analyzed by 

autoradiography (Pierce-Thermo Fisher Scientific, 

Rockford, Illinosis). 

RESULTS 
 
We observed that HMTs showed a diverse pattern of 
expression among the studied cell lines. EZH2 (55kD 
band) was expressed by MCF-7, Primary C and 
Primary D. This specific band does not correspond to 
the expected size of 100kD; however, this may 
represent an isoform. Set-1 showed two specific 
bands at two different kDs. The 65kD band was 
expressed by MCF-7, EEC and 12Z whereas the 62 
kD band was expressed by Hs578T, Primary C and 
Primary D. SETDB1 (140kD) was only expressed by 
the primary stromal endometriotic cell lines, Primary 
C and Primary D. SUV39H1 was not expressed by 
any of the studied cell lines. SUV39H2 showed two 
bands at two different kDs. The 48kD band was 
expressed by MCF-7, Primary C and Primay D 
whereas the 60kD band was expressed by MCF-7, 
Primary C, Primary D and HESC. SUV39H2 stands 
out for being the only HMT expressed by the normal 
endometrial cell line HESC. G9A was only expressed 
by the MCF-7 at 50kD (although the expected band 
was between 140-150kDs). Finally, Set-9 was 
expressed by all the cell lines studied except HESC. 
The endometriotic epithelial cell line 12Z only 
expressed SET-1 and SET-9, which represents a 
different pattern of expression of HMTs than stromal 
endometriotic cells. We are currently conducting 
densitometric analysis to determine the levels of 
expression of these enzymes, and investigating the 
effects of ovarian steroid hormones in their 
expression. To our knowledge, this is the first time 
that the levels of HMTs were determined in 
endometriotic cell lines. Follow up studies include 
measuring the levels of HMTs  
in tissues with endometriosis. 
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DISCUSSION 

HMTs expression had a diversity of patterns in 

the different studied cell lines. The expression of 

the HMTs by the primary endometriotic and the 

epithelial endometriotic cell lines suggest that 

these enzymes may be responsible for 

epigenetic modifications in endometriosis. A 

possible important target for therapy could be 

SETDB1 as a result of its specific expression at 

primary stromal endometriotic cell lines, Primary 

C and Primary D. This could be possibly used for 

treatments against endometriosis without the 

necessity of incurring to hormonal treatments. 

SUV39H2 at 60kD should be carefully studied. It 

is expressed by the endometriotic cell lines and 

the normal endometrial cell lines, HESC, which 

means that inhibitors could affect the normal 

endometrium of the patients as well. G9A and 

SUV39H1 are not expressed by any of the 

endometriotic cell lines. These two HMTs will not 

be studied further. 

 

CONCLUSIONS 

In conclusion, Western Blot analysis of HMT 

protein levels showed a different pattern of 

expression between endometriotic and 

endometrial cells. EZH2, SET-9, SUV39H2, 

SET-1 and SETDB1 HMTs were found 

expressed on Primary Endometriotic Cells 

suggesting that these enzymes may be 

responsible for epigenetic modifications (histone 

methylation) in these cell lines. These HMTs are 

involved in both gene activation and gene 

repression.  Future studies will confirm 

expression of HMTs in tissues from patients, will 

investigate possible regulation by ovarian 

steroid hormones, and will identify genes that 

are regulated by specific histone methylations. 

Also, in the future we plan to test the efficacy of 

HMT inhibitors using the rat model of 

endometriosis. 
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ABSTRACT 
The Hedgehog (Hh) signaling pathway is an 

important regulator of embryogenesis and tissue 

homeostasis during adulthood. This pathway is 

conserved from flies to humans, where it controls the 

transcription of key target genes. Cubitus interruptus 

(Ci), a member of the Gli family of transcription 

factors (TFs), regulates the transcription of Hh target 

genes by binding to regulatory sequences known as 

enhancers. In the Drosophila wing, preliminary data 

show that enhancers that contain consensus Ci 

binding sites, GACCACCCA, are repressed in cells 

that lack Ci. We hypothesized that an unidentified 

transcriptional repressor binds preferentially to 

consensus Ci binding sites to refine the expression 

patterns of some Hh target genes. In this project, we 

identified in silico nine related TFs that have similar 

Ci binding motifs, and tested whether they selectively 

recognize Ci binding sites in vitro. We transcribed 

and translated the DNA binding domains of Button 

head, Drosophila Specificity Protein 1, Lameduck 

(Lmd), Sugarbabe, Odd paired (Opa), Klumpfuss 

(Klu), Stripe, Scratch, and Longitudinals Lacking. 

Using Electrophoretic Mobility Shift Assays, we 

tested if these proteins differentially recognized 

consensus Ci binding sites versus non-consensus 

binding sites, which are sequences that deviate from 

the consensus by one or more base pairs. We found 

that Opa, Klu, and Lmd recognized consensus Ci 

sites, but not non-consensus sites. In addition, we 

performed in vivo genetic experiments to knockdown 

these proteins in the wing and the embryo.  Knocking 

down Klu in the wing, resulted in a posterior cross 

vein phenotype, and knocking down Opa resulted in 

lethality. Knocking down Klu and Opa in embryos 

caused derepression of the Hedgehog target gene 

patched. These results posit a potential role for these 

TFs in refining the expression of Hh target genes. 

 

 

 

BACKGROUND 
The Hedgehog (Hh) signaling pathway is important 

for growth, patterning and morphogenesis during 

embryogenesis, as well as tissue homeostasis 

during adulthood by keeping maintenance and 

regeneration of stem cells. The Hedgehog signaling 

pathway is one of few signaling pathways very well 

conserved, which is not very well understood, by 

having very important details unknown (Ingham, P., 

et. al 2011) Mutations in some of its target genes, or 

gene itself, is reported to be present is some types of 

cancer and other diseases. The Hh protein binds to 

the receptor Patched, a transmembrane protein that 

regulates the Hh signal, which is also a Hh target 

gene, producing a negative feedback phenomenon. 

When Hh is not present, Patched inhibits another 

transmembrane protein called Smoothened. When 

Smoothened is repressed, it can no longer prevent 

the proteolysis of a protein called Cubitus interruptus. 

In the other scenario when Hh is present, Patched no 

longer inhibits Smoothened and Cubitus interruptus 

can be released from cleavage. Process described 

in figure 1.  

Cubitus interruptus is a Gli member of transcription 

factors (TFs) capable of regulating the transcription 

of Hedgehog target genes by binding to regulatory 

sequences known as enhancers. Ci is a zinc finger 

transcription factor of 155 KDa, when cleaved it has 

75 KDa. When Ci is cleaved it serves as a repressor 

of transcription, and without cleavage it serves as an 

activator. This protein recognizes a sequence within 

a patched enhancer, GACCACCCA, which we call 

the consensus Ci binding sites (Parker, D. S., et. al 

2011). Binding sites that deviate from that sequence 

we call it non-consensus binding sites. Previous data 

suggest that an unknown transcriptional repressor 

binds to consensus Ci binding sites, but not to non-

consensus sites in the Drosophila wing. The purpose 

of this project is to identify TFs that may bind to 

consensus Ci sites, and not to non-consensus Ci 

sites because consensus sites are known to serve as 

repressors when Ci binds to them. We hypothesized 
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that an unidentified transcriptional repressor binds 

preferentially to consensus Ci binding sites to refine 

the expression patterns of some Hh target genes. 

We identified in silico nine related TFs that have 

similar Ci binding motifs and are also zinc finger TFs 

with human orthologs. These TFs are: Button head 

(Btd; Sp8), Drosophila Specificity Protein 1 (D-Sp1; 

Sp1), Sugar babe (Sug; Glis2), Stripe (Sr; EGR), 

Longitudinals lacking (Lola), Scratch (Scrt), Lame 

duck (Lmd; Glis3), Klumpfuss (Klu; WT-1), and Odd 

paired (Opa; Zic).  

Btd and D-Sp1 are known to function in the formation 

of the mandibular, the intercalary and the antennal 

head segments of the embryo, ectopic leg 

development (ventral appendage specification), and 

mechanosensory organ development. Sug is known 

to repress genes involved in dietary fat breakdown 

and absorption, and also in the regulation of insulin. 

Lmd works as a regulator of myogenesis, in the 

specification and function of fusion-competent 

myoblasts (Bussera, B., et. al 2012). Sr is involved in 

muscle-pattern formation in the embryo. Opa is 

required for patterning of the embryonic ectoderm 

(segmentation), correct formation of the ventral adult 

head, and midgut development. Klu is shown to be 

necessary for epidermal cells to develop and 

determine sensory organ precursors.  

 

Figure 1: Hedgehog signaling pathway with (right side) or without (left side) 

the Hedgehog protein. 

 

 

 

 

 

METHODOLOGY 
In vitro 

E. coli strains were transfected with the cDNA of DNA 

binding domains of transcription factors and colonies 

were extracted to perform Mini-prep. The cDNA was 

obtain to later perform a PCR, and from the gel 

electrophoresis we purified the selected bands in the 

gel using a DNA purification from gel protocol. After 

purifying with another PCR, the samples (DNA 

binding domains of the transcription factors) selected 

were transcribed and translated using the Promega 

TNT® SP6 High-Yield Wheat Germ Protein 

Expression System. The proteins were tested using 

an Electrophoretic Mobility Shift Assay, to verify the 

binding to the Ci DNA binding domains. Process 

described in figure 2. 

 

Electrophoretic Mobility Shift Assay 

Electrophoretic Mobility Shift Assays are used to 

detect DNA-protein interaction. The probes that we 

used were the predicted binding sequences of all 

TFs and other not consensus binding sites labeled 

with P32. The zinc finger domains of all the proteins 

were transcribed and translated in vitro using the 

Promega TNT® SP6 High-Yield Wheat Germ Protein 

Expression System. In this experiment the DNA 

binding motif of the proteins were tested to verify if 

they could recognized and bind to Ci Consensus and 

non-Consensus sequences. (Holden, N., & Tacon, 

C. 2011) 

 

Figure 2: In vitro methodology.  
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Labeled 

Probes 

with P32 

Predicted 

Binding Sites 

Sequence of 

Probes 

P1        a, j       Ci Consensus 

Binding Sites 

(BS) 

GACCACCCA 

P2        b, k     5C (Lameduck) GACCCCCCA 

P3        c, l 5G GACCGCCCA 

P4        d, m 5T GACCTCCCA 

P5        e, n Ci non 

Consensus BS 

GGCCACCTA 

P6        f, o Sugar babe GACCCCCCG 

P7        g p Buttonhead GTCCGCCCC 

P8        h, q D-Sp1 GCCAGGCCT 

P9        i, r Knock out GACTACCCA 

Table 1: List of Probes with the predicted binding sequence used in the 

EMSAs  

In vivo 

The in vivo experiments consisted of performing the 

GAL4-UAS System. This method involves crossing 

flies with the GAL4 and UAS- Responder genes in 

order to study gene expression. The Responder 

gene, in this case the genes of the proteins of 

interest, is going to be downstream of the UAS and it 

is going to be recognized by the GAL4 proteins. This 

will activate transcription of desired genes in the flies 

that have the GAL4 and UAS inserts to overexpress 

or knockdown gene activity. In figure 3 we have a 

demonstration of the GAL4-UAS System.  

 

 

 

Figure 3: The GAL4 UAS System performed in the in vivo experiments. 

 

RESULTS 
EMSA Gels showing the TF binding domains and 

prelabeled probes 

 

 

 

 

 

 

 

Figure 4: EMSA gel showing the TF binding domains of Lmd (a-i) and Sug (j-

r) and prelabeled probes. The number 1 marks the unbound probe, 2 and 4 

marks non-specific binding, and arrow 3 shows the shifts of the probes 

thanks to the binding of the Tf to the probes. 

 

 

  

 

 

 

 

Figure 5: EMSA gel showing the TF binding domains of Ci (a-i) and Btd (j-r) 

and prelabeled probes. The number 1 marks the unbound probe, 2 marks 

non-specific binding, and arrow 3 shows the shifts of the probes thanks to 

the binding Ci to the probes a through f. 
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Labeled 

Probes 

with P32 

Predicted 

Binding Sites 

Sequence of 

Probes 

P1        a, j       Ci Consensus 

Binding Sites 

(BS) 

GACCACCCA 

P2        b, k     5C (Lameduck) GACCCCCCA 

P3        c, l 5G GACCGCCCA 

P4        d, m 5T GACCTCCCA 

P5        e, n Ci non 

Consensus BS 

GGCCACCTA 

P6        f, o Sugar babe GACCCCCCG 

P7        g p Buttonhead GTCCGCCCC 

P8        h, q D-Sp1 GCCAGGCCT 

P9        i, r Knock out GACTACCCA 

Table 2: List of Probes with the predicted binding sequence used in the 

EMSAs 

 

In vivo results showing the experimental data 

collected 

 

Figure 6: This figure shows the adult wings results from rn- Gal 4 cross to 

UAS- CiRNAi. We can see that the UAS- CiRNAi wings have a different 

phenotype compared to the rn- Gal4 crossed to UAS- CiRNAi. The different 

phenotype is located near the L3 and L4 veins. The wings also appear smaller 

than the control.  

 

 

 

Figure 7: This figure show the results of adult wings from rn- Gal4 cross to 

UAS- OpaRNAi. We can see that the wings from UAS-OpaRNAi from males 

and females are smaller in size compared to the results obtained from 

crossing rn- Gal 4 to UAS- w-. No differences in vein phenotype was detected 

in males or females compared to the rn- Gal 4 cross to UAS- w-.  

Figure 8: This figure show the results of adult wings from rn- Gal4 cross to 

UAS- KluRNAi. We were able to find a posterior cross vein phenotype. An 

extension from the posterior cross vein was detected in the adult wings in 

males and females compared to rn- Gal 4 cross to UAS- w-. 

 

 

Figure 9: This figure show the results obtained from an antibody staining of 

embryos for wingless of a cross between wg- Gal 4 with UAS- KluRNAi and 

UAS- OpaRNAi. UAS- KluRNAi and UAS- OpaRNAi showed derepression of 

the Hh target gene wingless in the developing embryo when compared to the 

cross between wg- Gal 4 and UAS- GFP.  
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DISCUSSION 
In the Electrophoretic Mobility Shift Assays we tested 

different identified TF which could have the capable 

of binding Ci binding sites in order to determine if 

other TF different from Ci could bind to the Ci binding 

motif. In figure 1 we can appreciate that Lmd did bind 

to Ci binding motifs, in a similar way other TFs did 

also bind Sug, Klu, and Opa, including Ci that was 

our control. It is very interesting to remark that Klu, 

Lmd, and Opa did recognize Ci Consensus binding 

sites, but not non-Consensus binding sites, similar 

observations were noticed in previous data from the 

lab. Lmd did bind to its own probe (Lameduck, probe 

b) but it bound more preferentially to the Ci 

Consensus probe (lane a). It also recognized the 

Sugarbabe probe (lane f). Sug only recognized its 

own probe (lane o) and the Lameduck probe (lane k). 

In figure 5 from lane a to i we tested the binding 

domain of the Ci protein, as a positive control, and 

the binding domain of the protein Btd. We can 

appreciate that Ci is less specific when it comes to 

binding and it can recognized binding sites that 

deviate from its consensus sequence, 

GACCACCCA. In the other case, the binding domain 

of the Btd protein did not recognized or bound the 

DNA probes, not even its predicted DNA binding site 

(lane p). The in vivo preliminary experiments 

demonstrated that by knocking down the proteins Klu 

and Opa, we could see a difference in phenotype. In 

figure 6 we show a cross between rn-GAL4 

(expressed in the pouch of the wing, legs, head, and 

others) and Ci RNAi (which knockdown Ci in the 

wing). That cross was positive control for our 

experiments. In figure 7 and 8 we have the wings of 

rn-GAL4 flies crossed to Opa RNAi (fig.7) and Klu 

RNAi (fig. 8). We noticed that the wings from figure 7 

are smaller in size compared to the w+ control. The 

wings in figure 8 have a posterior cross vein 

phenotype present in most wings. This changes in 

phenotype may be due to the lack of the Opa and Klu 

proteins in the wings. In figure 9 we can appreciate 

the embryos resulted from the cross wg-Gal4 to Klu 

RNAi and Opa RNAi, stained for wingless. We found 

derepression in the posterior part of the segments, 

representing a possible activity that is being 

truncated by knocking down Klu and Opa in the 

embryos. 

CONCLUSIONS 
According to results obtained from the EMSAs, Ci is 

not the only TF with the capability of binding to its 

consensus sequence GACCACCCA. Lmd, Opa, and 

Klu did recognize Ci consensus sites and not the non 

-consensus binding sites. This results demonstrate 

that TFs other than Ci can recognize Ci binding sites, 

some with specificity and others with none. 

Preliminary results obtained from the in vivo 

experiments demonstrated that Klu and Opa maybe 

causing derepression in the Drosophila embryos 

when they were stained for wingless. This 

observation serves as evidence that other TF maybe 

regulating the expression of Hedgehog target genes. 

By knocking down Klu in the wings, we saw a 

different phenotype in the posterior cross vein which 

could implicate that by not having Klu we could have 

derepression in the posterior compartment of the 

wing. We could not identify if the TFs that we 

investigated causes changes in phenotype, although 

we did saw the derepression in the embryos. 

Because of time, we could not realize other 

experiments that could give us more results, this by 

experimenting with other more specific methods. We 

provide preliminary results of evidence of a 

transcriptional repressor active with the Ci protein in 

the response of the Hh signaling pathway. This study 

is important because we may provide more evidence 

so we can understand better the mechanism in which 

the Hh signaling pathway is transmitted. It is also 

important that if this TF regulates Hh signaling we 

may have to consider it when making models 

explaining the binding gradients of the Ci protein and 

how it affects Ci. 
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FUTURE DIRECTIONS:  
We will continue searching for the 

unidentified transcriptional repressor capable of 

binding Ci consensus sites to refine the expression 

patterns of some Hh target genes. This goal will be 

approach by continuing working with the proteins 

described and by searching other proteins capable of 

binding to Ci sites. We are going to perform other 

methods to try to find the proteins, one of them is by 

separating the nucleus portion of the cells and using 

procedures trying to detect the transcription factor. 

We will also repeat experiments since this are only 

he preliminary data. Finally, we will try to get the 

other transcription factors that were not tested in the 

in vivo experiments, like Lmd which did bind to Ci 

consensus sties but not to non-consensus Ci binding 

sites.  
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ABSTRACT 
Individuals with Human Immunodeficiency Virus 

(HIV) are prone to illnesses like pulmonary 

hypertension (PH), despite the success of 

antiretroviral therapies.  PH affects more HIV+ 

individuals (0.05%) than uninfected (0.001%).  The 

causes of HIV-PH are unknown; however, studies 

suggest that HIV proteins may play a role.  Recent 

studies found specific HIV-nef mutations associated 

with the PH phenotype in humans; others suggested 

that HIV Envelope (Env) induces PH-like pulmonary 

vasculopathy in monkeys.  We hypothesized that 

HIV-PH-specific mutations may also extend to env: 

HIV-PH patients harbor Envelopes more fit to evade 

the immune system (more glycosylated), and more 

pathogenic (T-tropic vs. M-tropic), compared to 

controls.  Preliminarily, we cloned HIV-env and nef 

from blood of eight HIV+ consenting subjects, and 

analyzed the env and nef sequences in silico, using 

tools available in the Los Alamos National Lab.  We 

found more glycosylated Env and T-tropic viruses 

along with mutations in Nef in HIV-PH samples, 

suggesting that mutations in HIV, in the context of 

Pulmonary Hypertension, may also implicate Env; 

further studies may confirm dual evolution of HIV 

Env-Nef in a larger sample size.  These data may 

help to gain insights into the mechanisms involved in 

HIV- Pulmonary Hypertension. 

 

BACKGROUND 
The human immunodeficiency virus (HIV) is the most 

common and pathogenic lentivirus.  Over 34 millions 

of people now live with HIV/AIDS, and over 7,000 

new people acquire HIV everyday (Global AIDS 

Epidemic, 2011).  Unprecedented efforts in both 

Basic Science and Clinical Care have turned HIV 

infection from a fatal disease to a treatable condition. 

The success of antiretroviral therapy in improving the 

survival of patients infected with HIV and reducing 

HIV-associated opportunistic infections is 

undisputed.  Nonetheless, long-term cardiovascular 

complications such as cardiomegaly, myocarditis, 

and pulmonary hypertension (PH) complicate the 

clinical panorama of HIV patients and increase the 

mortality (Lederman, 2008).  The link between HIV  

and cardiopulmonary conditions is evident; previous 

studies have shown that the lung is a frequent target 

organ for disorders associated to HIV infection 

(Degano, et. al, 2010). HIV-associated pulmonary 

hypertension (HIV-PH) is described as an abnormal 

high blood pressure (≥ 25 mm Hg) in the pulmonary 

vasculature; this affects more HIV-infected patients 

(1/200) than uninfected individuals (1/200,000, 

Mehta et. al, 2000). Moreover, the long-standing 

estimated prevalence of HIV-PH in developed 

countries (calculated at 0.5%) is increasing as more 

clinician-scientists work together to screen patients 

who are asymptomatic for pulmonary hypertension.  

Approximately 90% of the patients with HIV-PH 

survive 1 year, while 73% have a 3-year survival rate 

(Degano et. al, 2010). The French National Registry 

of PH has standardized the diagnosis of PH by 

implementing an algorithm that includes self-

reported dyspnea followed by echocardiographs and 

right-sided heart catheterization (RHC) if there is 

clinical suspicion of PH (e.g. dyspnea in the absence 

of heart/lung diseases or non-productive cough).  

Although not confirmed by RHC, echocardiography-

based studies have focused on subsets of patients in 

different cohorts worldwide.  

 

There is no cure for PH.  The goal of treatment is to 

control symptoms (palliative) and prevent further 

pulmonary damage. It is important to treat medical 

disorders that cause PH, such as obstructive sleep 

apnea, obstructive pulmonary conditions, and heart 

valve disorders. Many treatment options for HIV-PH 

and other forms of pulmonary arterial hypertension 
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are becoming available, including calcium blocker 

channels, diuretics, prostacyclin or sildenafil 

(Dugdale, 2012).  However, patients with HIV-PH are 

frequently misdiagnosed (Mehta, 2000).  Therefore, 

early detection is essential for the prognosis; clinical 

interventions are needed before quality of life is 

compromised.  Finding biomarkers to identify earlier 

stages of PH would improve the clinical care and the 

standard of life of HIV+ patients.  Viral proteins asnd 

their interactions with molecular partners in the 

infected cells may be important biomarkers because 

they promote apoptosis, growth, and proliferation of 

vascular endothelial cells in the lung, which are 

common in PH-patients (Kanmogne et. al, 2005).  

HIV proteins may damage endothelial cells and 

induce inflammation, resulting in pulmonary vascular 

remodeling.  For example, HIV-1 Nef is important in 

HIV-PH pathogenesis because monkeys infected 

with a chimeric simian immunodeficiency virus (SIV) 

expressing HIV-nef (SHIVnef) alleles, develop 

pulmonary vascular remodeling, but not monkeys 

infected with the native SIV. We further examined 

whether HIV-nef alleles in HIV-PH subjects have 

signature sequences associated with the HIV-PH 

disease phenotype by evaluating specimens from 

participants with and without HIV-PH from European 

Registries and validated results with samples 

collected as part of the Lung-HIV Studies in San 

Francisco. We found 10 polymorphisms in nef that 

were overrepresented in specimens from European 

HIV-PH individuals but significantly less frequent in 

HIV-infected individuals without PH.  These 

polymorphisms mapped to known functional 

domains in Nef. In a validation cohort enrolled in 

Lung-HIV Studies in San Francisco, 7/10 

polymorphisms in the HIV-nef gene were confirmed; 

these polymorphisms were found independently from 

viral load, CD4 (+) T cell counts, length of infection, 

and antiretroviral therapy status. Two out of 10 

polymorphisms were previously reported in 

macaques with PH-like pulmonary vascular 

remodeling. Cloned recombinant Nef proteins from 

clinical samples down-regulated CD4, suggesting 

that these primary isolates are functional. This study 

offers new insights into the association between Nef 

polymorphisms in functional domains and the HIV-

PH phenotype (Almodóvar et al, 2012). Whether 

there viral evolution in HIV-PH patients is restricted 

to the nef gene or other HIV genes are co-evolving 

as well remain unknown.  The HIV envelope 

glycoprotein-120 (Env) is an important tool to help 

fingerprint the virus in evolutionary studies. The Env 

is essential for viral attachment and fusion through 

the host cellular membrane, induces apoptosis and 

increases the secretion of endothelin-1 from human 

lung endothelial cells (Kanmogne et. al, 2005). Also, 

HIV Env stimulates monocytes and macrophages to 

release pro-inflammatory cytokines (Kim et. al, 

1998). Analyses of HIV Env sequence have provided 

researchers and clinicians with important pieces of 

information. For example, changes in sequence have 

been associated with changes in charges within the 

V3 loop of the C2V4 region of Env protein (Low et. 

al, 2008). These changes in charges have been used 

to predict co-receptor use of the HIV based on Env 

sequence and therefore, its tropism (Mosier, 2009). 

Changes in tropism, in turn, have been thought to be 

important predictors of long-term progression to 

AIDS and hence, these sequence data may be of 

importance in the clinical settings (Low et. al, 2008). 

Therefore, Env and Nef overlap in pathogenic events 

that may be of importance in the context of the lung 

vasculature. Of note, the effects of Env protein in the 

lung vasculature have not been studied so far. It is 

important to mention that env & nef genes are 

contiguous in the HIV genome. In this study, we 

sought to investigate a possible relationship between 

Env and Nef in the context of Pulmonary 

Hypertension. We hypothesized that there is co-

evolution of the env and nef alleles, which is more 

evident in clinical isolates from HIV-PH than in HIV-

normotensive individuals. 

 

METHODOLOGY 
Clinical samples. We had access to 46 specimens 

(genomic DNA) from 18 HIV-infected individuals who 

consented to donate peripheral blood (PB, via 

phlebotomy) and bronchoalveolar lavage cells (BALc, 

via bronchoscopies) as part of the NIH/NHLBI Lung 
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HIV Longitudinal Studies at the University of 

California, San Francisco and University of Colorado 

Denver. All studies were approved by the Colorado 

Multiple Institiutional Review Board and the Clinical 

Research Resource at UCSF. Relevant 

demographic and clinical information was retrieved 

from REDCap database (Harris et. al, 2009).  

Amplification of HIV by Polymerase Chain 

Reaction. We used genomic DNA as template for 

PCR to amplify the full length-HIV genome (amplicon 

of ~8.2 kb) with primers MSF12 and MSR5R and 

cycling conditions described in Table 1. Amplicons 

were purified using the QIAmp PCR purification kit 

(Qiagen cat #28106), as per the manufacturer’s 

instructions.  To amplify the HIV env and nef genes, 

we used a multiplex-PCR approach using the purified 

full length HIV-PCR product as template and 

conditions described in Table 2. We initially tested 

the HIV env & nef multiplex PCR approach by using 

an HIV laboratory strain (pNL4-3) as a template.  

PCR products were analyzed by electrophoresis 

(Figure 1). Then, we excised the bands for each 

PCR product on a UV transilluminator; gels slices 

were collected in sterile 1.5 mL microcentrifuge tubes 

(previously weighed; ~1.00 grams each and labeled 

with the corresponding gene ID). Each labeled 

microcentrifuge tube with the gel slices was weighed 

to calculate the weight of the gel slice (weight of the 

gel slice = weight of the tube with the gel slice - 

weight of the empty tube). These weights were used 

to calculate the volumes of each purification reagents 

to be added further (see Table 3 for a representative 

example).  Finally, we added 40 L of TE buffer 

directly to the column and incubated for 5 minutes at 

room temperature to let the buffer absorb into the 

silica membrane and centrifuged at 15,000 rpm for 5 

minutes to elute the purified DNA in siliconized 

microcentrifuge tubes. These tubes were placed on 

ice for the next step.  

Cloning. We adapted conventional cloning 

techniques using TOPO XL PCR Cloning Kit with 

One Shot TOP10 Chemically Competent E. coli 

(Invitrogen, stored at -80C).  Briefly, we mixed 4 L 

of gel-purified PCR product with 1 L of pCR-XL 

TOPO vector for a final volume of 5 L in a sterile 

PCR tube (TOPO Cloning Reaction); each TOPO 

Cloning Reaction was incubated for 30 minutes at 

room temperature (~25C). After the 30 minutes 

incubation, we added 1 L of 6X TOPO Cloning Stop 

Solution to the TOPO Cloning Reaction and mixed 

for several minutes at room temperature, and placed 

on ice. To transform competent E. coli cells, we 

added 2.5 L of the TOPO Cloning Reaction into a 

vial of thawed One Shot TOP 10 Chemically 

Competent E. coli and mixed gently; of note, we did 

not mix by pipetting up and down to prevent cell 

death. Each mix was incubated for 30 minutes on ice.  

To open the cell pores and facilitate the introduction 

of the recombinant DNA (PCR product ligated to the 

vector), we heat-shocked the cells for 30 seconds at 

exactly 42C without shaking. Immediately, we 

transferred the tubes to ice and incubated for 2 

minutes to close the pores and prevent DNA leaking 

out of the cells. After the 2 minutes of ice incubation, 

we added 250 L of Super Optimal broths with 

Catabolite repression medium (S.O.C. medium) to 

the tubes to provide the essential nutrients to each 

transformed bacteria and stimulate an exponential 

growth. These tubes were shaken horizontally at 225 

rpm for 1 hour (37°C). Then, we placed the tubes on 

ice and we spread 100 L of each transformation on 

each of three pre-warmed plates with Luria Bertani 

medium (LB-medium) with Kanamycin (the pCR-XL-

TOPO vector has a region that encodes for 

Kanamycin resistance; we added 50 g/mL to each 

plate) plate. After each transformation was spread, 

we incubated the plates (upside down) overnight at 

37C in a dry incubator.  

Screening of HIV env and nef Molecular Clones. 

The next day we screened the colonies (looking for 

positive clones) by colony PCR, as a qualitative 

analysis of transformants. Briefly, we picked each 

colony from the transformation plate using a 

disposable inoculating loop and dotted the agar in a 

Replica Plate orienting the plate in a numbered grid. 

Immediately, we inoculated 20 L of sterile water (in 
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a PCR tube, previously aliquoted and ready to use), 

using the same inoculating loop. We repeated this 

serial inoculation process for a total of 20 colonies (or 

clones) for env and 20 clones for nef sample, for a 

total of 40 clones per patient specimen analyzed. 

Then, we filled the replica plate with colonies to 

complete 50 clones per plate per gene; i.e. 100 

replica colonies per patient. This replica plate was 

incubated upside down at 37C in a dry incubator, 

overnight, and was used stored afterwards at 4ºC as 

a backup in case we need to re-analyze these clones 

(the plates would be good to use for ~30 days, after 

which the nutrients are spent and bacteria start 

dying). To test the efficiency of the cloning process, 

we performed a colony PCR per gene using the 

Qiagen Taq DNA Polymerase PCR kit, as described 

in Table 4. To analyze the colony PCR products by 

electrophoresis, we used the Flash Gel System 

(Lonza) with a 1.2% agarose pre-casted gel. Briefly, 

we loaded 1 L of PCR product and loading dye mix 

into each well and ran the gels at 200 volts for 6 

minutes. Each gel electrophoresis image was 

captured and analyzed with the purpose of 

determining how many positive clones we had 

(positive clones were defined as vectors that have 

either the env or nef gene inserted and resulted in a 

positive Colony PCR).  

Preparation of glycerol stocks and purification of 

molecular clones. After the identification of the 

positive clones, we then inoculated 5 mL of LB-liquid 

medium in round bottom tubes using the bacteria-

inoculated water we had from the colony picking 

steps described above (~17.2 L). The LB-liquid 

medium provides the essential nutrients for bacteria 

and induces a continued exponential growth. The 

inoculated round bottom tubes were placed in the 

shaker incubator overnight at 37C (225 rpm).  The 

next day, we prepared glycerol stocks of each clone 

by labeling one 1.5 mL tube for each clone and 

aliquoted 500 L of autoclaved glycerol solution into 

each tube. We then transferred 500 L of the 

overnight culture and mixed using vortexing.  These 

glycerol stocks were stored at -80C at the University 

of Colorado, for further use in-vitro. Plasmid DNA of 

each clone was purified by the alkaline  method, 

using the  QIAprep Miniprep Kit and the QIAvacuum 

Manifold (Qiagen). Briefly, we precipitated the 

bacterial pellets by centrifugation at 5,000 rpm for 5 

minutes at room temperature. Using a vacuum, we 

aspirated the supernatant fluid to waste and we 

resuspended the bacterial pellets by adding 250 L 

of Buffer P1 (Resuspension Buffer at 4C). Using a 

disposable transfer pipet for each tube, we 

transferred the resuspension mix to the labeled 1.5 

mL microcentrifuge tubes. Bacteria were lysed by 

adding 250 L of Buffer P2 (Lysis Buffer at room 

temperature) ; solutions were mixed by inverting the 

tubes 4-6 times. Then, we neutralized the reaction 

adding 350 L of Buffer N3 (Neutralizer Buffer at 

room temperature) and we mixed by inverting the 

tubes 4-6 times. It’s important to mention that the 

adsorption of plasmid DNA to silica depends on pH, 

to recover 95% of the total DNA was necessary to 

adjust the pH 7.5, for this we used a alkaline 

reaction to ensure the efficiency of plasmid DNA 

adsorption. Each microcentrifuge tube was placed in 

a centrifuge at full speed for 10 minutes to separate 

the bacterial pellets from the plasmid DNA mix. To 

filter the plasmid DNA mix and allow the plasmid 

DNA bind to the silica membrane, we applied the 

supernatants to the columns in the QIAvac manifold 

vacuum by decanting and let it sit for 1 minute. Then, 

we added 500 L of Buffer PB (Binding Buffer at 

room temperature) to each column to allow binding 

of the DNA to the QIAquick silica membrane and 

then, we washed the bound DNA by adding 750 L 

of Buffer PE (Washing Buffer at room temperature; 

this step was crucial for obtain a purified DNA, 

because during the DNA adsorption, unwanted 

primers and impurities, such as salts, enzymes, 

unincorporated nucleotides, agarose, dyes, Ethidium 

bromide, and detergents do not bind to the silica 

membrane but flow through the column). We dried 

the column by centrifugation at 15,000 rpm (full 

speed) for 15 minutes (instead of 1 minute, as 

suggested in the manufacturer’s protocol because 

any residual ethanol from the Buffer PE may interfere 

with downstream applications such as sequencing). 

http://prise.uprp.edu  2011-13 UPR-PRISE Scientific Magazine. Copyright 2015. 60



 

 
Human Immunodeficiency Virus Gene Evolution in Patients with Pulmonary 

Hypertension 
Robert A. López-Astacio. University of Puerto Rico at Ponce. Department of Biology 

 
 

 

After this centrifugation, we transferred each column 

to a 1.5 mL centrifuge tube to elute the plasmid DNA 

from the silica membrane by adding 50 L of Buffer 

EB (Elution Buffer at room temperature) to the center 

of each QIAquick membrane, and let it sit for one 

minute. Finally, we centrifuged the columns for 1.5 

minutes at 8,000 rpm. Each eluted plasmid DNA was 

analyzed using Nano Drop spectrophotometer (Nano 

Drop ND-1000 Spectrophotometer Thermo 

Scientific); this analysis includes plasmid DNA 

concentration (ideally ≥50 ng/L) and 260:280 DNA 

ratio (~2.00).   

Plasmid DNA sequencing. At the end of the 

quantitative analysis, we aliquoted 10 L of each 

purified plasmid DNA into a 96-well plate (a total of 

265 clones in 3 96-well plates). Each well was sealed 

with caps and paraffin to prevent cross-

contamination during shipping; these clones were 

sent via FEDEX to an off-site Sequencing Facility 

(MCLab in San Francisco, California), for plasmid 

DNA sequencing using the Sanger method and the 

universal primer M13F.  

Plasmid DNA sequence analysis. The plasmid 

DNA sequences were received via e-mail from 

MCLab and were saved in individual folders by 

patients. Each nucleotide sequences were trimmed 

and aligned using Geneious Software (Geneious Pro 

Biomatters Ltd.); the purpose of this editing process 

was to exclude the irrelevant nucleotides regions 

(those that do not code for Env or Nef proteins). 

Then, we predicted the HIV co-receptor usage (see 

Table 5) using Geno2Pheno (URL: 

http://coreceptor.bioinf.mpi-inf.mpg.de/; developed 

by Max Planck Informatics Institute in Germany) in all 

the C2V4 env sequences per patient to predict 

tropism (which type of immunological cells the HIV-

virus infects and replicates in). All the co-receptor 

usage predictions were based on a 15% false 

positive rate (FPR) cutoff, which is used by clinicians 

to make therapeutic decisions as to which entry 

inhibitor to use (Lengauer et. al, 2007). This means 

that a value below 15% is predictive for an X4 virus 

(HIV- virus X4 co-receptor usage and T-cell host) 

whereas anything above 15% would predict an R5 

virus (HIV-virus R5 co-receptor usage and M-cells 

host). All the HIV- env tropism and clinical and 

demographical information where compiled in Table 

6 in an effort to analyze potential relationships.  All 

the C3V4 env sequences assemblies were 

translated to polypeptide sequences, in order to 

analyze the Potential N-linked glycosylation sites 

(PNGS, see Figure 3) using the HIV sequence 

databases from Los Alamos National Laboratory 

(URL: 

http://www.hiv.lanl.gov/content/sequence//GLYCOS

ITE/glycosite/html/). Each PNGS were analyzed by 

bioinformatics, including identification of the CV3 

loop and its sequence, number of glycosylations per 

position, and the identification of each potential 

sugar-binding site into the CV3 sequence. To predict 

each PNGS, the computerized algorithms detect all 

the short amino acid motifs (N-x-S/T) where each 

glycan can be attached to the Env protein.   Then, we 

used all the aligned C2V4 env and nef sequence 

assemblies to reconstruct the evolutionary history of 

each patient using MEGA (see Figure 3). In the 

event of cross-contaminations, we excluded those 

contaminated clones to prevent misleading analyses; 

on the other hand, we used each env and nef 

phylogenetic tree to make a descriptive analysis 

studying the patterns of relationships among 

patients.  

 

RESULTS 
In our study, we generated a total 493 molecular 

clones from 18 HIV+ subjects. This investigation 

focused on those patients from we had both, env and 

nef, from the same time point; therefore, we sent 265 

molecular clones for sequencing (123 for env and 

142 for nef).  All the patients analyzed were males 

between 43 and 60 years old, distributed as 50% 

Caucasians, 25% African-American, and 25% 

reported as “other”.  The length of HIV-infection, from 

the diagnosis until the collection of the sample, 

fluctuated between 6-22 years; HIV viral loads 

ranged between <40 and 117,493 copies/ mL 

plasma. They were all receiving antiretroviral 
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therapy, most of them had low viral load, except one 

(viral load > 117000). In terms of CD4 counts, half of 

them had high CD4 counts, and the other half had 

low CD4. Hemodynamically, the mPAP by Right 

Heart Catheterization showed that two of the patients 

had Pulmonary Hypertension (with pressures ≥ 25 

mmHg) and four individuals were normotensives 

(with pressures < 25 mmHg). The reconstruction of 

the phylogenetic trees for both, env and nef genes 

showed that all the clones clustered by patient, 

suggesting that there were no cross-contamination 

(see Figure 3). Based on the in silico analyses, we 

found that patients with longer duration of HIV 

infection trended to harbor X4 viruses (p= 0.1377, 

Figure 4, panel A), had more nef functional domains 

with mutations (Figure 4, panel B), higher mPAP and 

higher PASP (Figure 4, panels C and D, 

respectively). On the other hand, we found that 

patients predicted to harbor more glycosylated env 

trended to have more R5 viruses (p= 0.3754, Figure 

5, panel A), more nef functional domains with 

mutations (Figure 5, panel B), and possibly less 

selective pressures on nef as reflected by the 

synonymous over non-synonymous ratio (Figure 5, 

panel C). Interestingly, patients with higher number 

of nef functional domains with mutations may have 

more selective pressures on env (Figure 6, panel A) 

and more X4 viruses (p= 0.3157, Figure 6, panel B). 

Finally, in terms of tropism, patients harboring X4 

viruses seemed to have slightly higher PASP by 

echocardiography (p=0.5181, Figure 7, panel A) and 

higher mPAP by Right Heart Catheterization (p value 

not calculated because we had an n=1 in the R5 

group; Figure 7, panel B).  

 

DISCUSSION  

All the analyzed specimens came from male 

individuals samples during the random selection 

process. These individuals were in a chronically state 

of infection with HIV from 9 to 22 years. They were 

all receiving antiretroviral therapy, most of them had 

low viral load, except one of the samples. In terms of 

CD4 counts, half of them had high CD4 counts, and 

the other half of the patients were in an 

immunocompromised state. Even though, these 

patients had artery pressures higher than 25 mmHg 

by echocardiograph, indicating the potential risk of 

Pulmonary Hypertension development; only, 2 out of 

8 patients were diagnose with Pulmonary 

Hypertension by Right Heart Catheterization based 

on the mean Pulmonary Artery Pressures (mPAP) 

higher than 35 mmHg. The possibility of cross 

contamination between the samples was analyzed 

by the reconstruction of the phylogenetic trees per 

each gene, env and nef. For this analysis, we saw 

that the same circle in clustered each generated 

clone in just one group separately, indicating that 

there is not cross contamination in all the processed 

molecular clones. After the determination of the 

absence of contamination in the samples, we found, 

by in silico analysis, that higher viral loads were 

detected in patients with low CD4 counts, supporting 

the results of previous studies. On the other hand, 

individuals with longer duration of HIV infection 

trended to have higher CD4 counts and viral load 

below the limits of detection, suggesting that the 

patients are responding very well to these 

antiretroviral drugs. In terms of the values from 

mPAP by RHC and PASP by Echo, there seems to 

be a positive correlation between these two 

parameters, suggesting that the higher mPAP the 

higher PASP. Interestingly, patients with longer 

duration of HIV infection trended to harbor more 

pathogenic viruses (X4 viruses), more nef functional 

domains with mutations, higher mPAP and higher 

PASP; indicating the potential co-relation between 

env and nef. Patients predicted to harbor more 

glycosylated env trended to have more R5 viruses 

(M-tropic viruses), more nef functional domains with 

mutations and possibly less selective pressures on 

nef as reflected by the synonymous over non-

synonymous ratio. This observation supports the 

notion that less pathogenic viruses (R5 viruses) 

trended to evade the immune system by the 

incorporation of glycosil groups (less immunogenic 

molecules) into the Env glycoprotein. We also found 

that the individuals with higher number of nef 

functional domain with mutations may have more 

http://prise.uprp.edu  2011-13 UPR-PRISE Scientific Magazine. Copyright 2015. 62



 

 
Human Immunodeficiency Virus Gene Evolution in Patients with Pulmonary 

Hypertension 
Robert A. López-Astacio. University of Puerto Rico at Ponce. Department of Biology 

 
 

 

selective pressures on env and more X4 viruses, 

demonstrating the possible co-evolution of these two 

genes. Furthermore, in term of tropism, patients 

harboring X4 viruses seemed to have slightly higher 

PASP and higher mPAP. This observation suggests 

that patients who are harboring more pathogenic 

viruses infecting T-cells trended to develop PH. In 

summary, patients with higher mPAP, and therefore 

PH had higher PASP. These PASP values correlated 

with more pathogenic viruses like X4 which also 

correlated with higher nef selective pressures and 

higher number of nef functional domains with 

mutations. These parameters also correlated with 

higher mPAP and higher PASP’s, which agrees with 

the hemodynamic concept that the higher the PASP, 

the higher the mPAP. Therefore, the hemodynamics 

and several aspects of HIV gene co-evolution may 

be all interrelated.  

CONCLUSIONS 

In our preliminary analyses, we found that HIV 

infected individuals with PH trended to harbor more 

pathogenic viruses (X4 viruses) as predicted by the 

co-receptor usage analyzed in silico. Interestingly, 

changes in HIV-env correlated with changes in HIV-

nef suggesting Env and nef co-evolution. These 

results support our hypothesis that HIV infected 

subjects with PH harbor viruses that have 

evolutionary patterns different from those in 

normotensives. Similar to the HIV-nef associations 

with PH, the HIV env gene may also display 

mutations in important domains that will be more 

common in clinical specimens of HIV patients with 

Pulmonary Hypertension compared to 

normotensives. We need to increase the sample size 

in order to reach statistical significance in our results. 

It is important to mention, that studies of HIV 

evolution in the context of PH may offer novel 

research opportunities and new insights in the 

pathogenesis of Pulmonary Hypertension. 

 

 

FUNDING AND 

ACKNOWLEDGEMENTS 

The authors thank the patients who donated their 

blood for biomedical research; we also thank the 

Pulmonary Division at UC-Denver for the shared 

equipment (NanoDrop). This work was supported by 

the UPR-PRISE Program (NIH/NIGMS Grant 

#R25GM096955), R01-HL083491 (to Dr. Flores), 

and NIH/NHLBI K01-HL103196 (to Dr. Almodóvar). 

MENTOR INFORMATION 

Dr. Sharilyn Almodovar 

University of Colorado Division of Pulmonary 

Sciences & Critical Care Medicine 

Email : sharilyn.almodovar@ucdenver.edu 

 

PROJECT PRESENTATIONS 
Poster  

- HPD Research Day Sponsored By NOVA 
School of Medicine. (February, 2013). Ponce, 
PR 

- 33rd Annual Research And Education Forum 
at the UPR Medical Science Campus (March 
14, 2013) San Juan, PR 

- Experimental Biology 2013. (April, 20-24, 
2013) Boston, MA. 

- UPR-Mayaguez 3rd Annual Undergraduate 
Symposium (May 5, 2013) Mayaguez, PR 

 

http://prise.uprp.edu  2011-13 UPR-PRISE Scientific Magazine. Copyright 2015. 63

mailto:sharilyn.almodovar@ucdenver.edu


 

 
Isoflurane-induced impairments in rodents undertaking a 

novel object recognition task 

Robert López-Astacio2, Esther Jiménez1, Anixa Hernández1, Pablo Colón5, Emily Pérez4, Héctor Puig3, Dennis Valentín4, 
and Kenira J. Thompson1. 

1Department of Physiology, Ponce School of Medicine and Health Sciences; 2University of Puerto Rico, Ponce; 
3University of Puerto Rico, Mayaguez; 4Clinical Psychology PhD Program, Ponce School of Medicine and Health 

Sciences; 5Pontifical Catholic University, Ponce. 
 

Research Site: Department of Physiology Ponce School of 
Medicine and Health Sciences. 

 

ABSTRACT 
Previous work has shown that general anesthesia 
results in post-surgical cognitive deficits. In addition, 
previous work has shown that the anesthetic 
isoflurane increases inflammatory cytokine 
expression and causes cell injury in the 
hippocampus, which may contribute to isoflurane-
induced cognitive impairment in rats (Lin et al., 
2011). Others found that a single isoflurane exposure 
does not affect Morris water maze performance in 
mice (Su, D, et al., 2011). Although the possible role 
of isoflurane in hippocampal plasticity has been 
previously assessed, the effect of acute isoflurane 
exposure on rats attempting novel object–recognition 
tasks has not been described. Here, we will compare 
the acute effects of isoflurane- and ketamine-induced 
anesthesia in a rodent model of hippocampal 
learning known as the novel object–recognition 
(NOR) task. Male Sprague Dawley rats (3 mo old, 
300 grams, approx.) were exposed to either 
isoflurane (2-3% total/1-1.5% per animal) or 
ketamine (100 mg/kg) 5 days prior to NOR training. 
Our results clearly show that animals anesthetized 
with ketamine displayed typical learning behavior 
when attempting the novel object recognition task, 
whereas isoflurane-anesthetized animals displayed 
distinct impairments (p<0.05). Our results support 
the notion that the acute administration of isoflurane 
results in hippocampal-dependent spatial-memory 
impairments. Future work should be aimed at 
developing neuro-protectants to diminish isoflurane-
mediated learning deficits in the hippocampi of 
surgical patients. 
 

BACKGROUND 
The hippocampus is an important structure for the 
processes of learning and memory; it is located in the  
temporal lobe of the brain and is subdivided into 3 
different regions: the cornu ammonis subtype 1 
(CA1), the  
cornu ammonis subtype 3 (CA3), and the dentate 
gyrus (DG). This neurological structure has been 
linked to the early stages of many mental disorders, 

such as Alzheimer’s disease and schizophrenia. The 
hippocampus processes all the information that 
reaches the brain, including spatial and contextual 
information, and plays an important role in the 
consolidation of memory and the attendant quality of 
life of the humans and animals. Previous studies 
have shown that the induction of general anesthesia 
often results in post-surgical cognitive deficits. In 
addition, previous work has shown that isoflurane 
increases inflammatory cytokine expression and 
causes cell injury in the hippocampus, which injury 
can include apoptosis, which itself may contribute to 
isoflurane-induced cognitive impairments in rats (Lin 
et al., 2011). Other scientists have found that a single 
isoflurane exposure does not necessarily affect 
Morris water maze performance in mice (Su, D, et al., 
2011). Although, the possible effect of isoflurane on 
hippocampal plasticity has been previously 
assessed, the role of acute isoflurane exposure in 
the performance of novel object-recognition tasks 
has not been studied nor described. The novel 
object-recognition test is a multivariate task used in 
neuroscience to assess hippocampal function; it is a 
hippocampal-dependent task that is used as an 
index of learning and memory. This task is based on 
the premise that rodents will explore a novel object 
more than a familiar one, even if they remember the 
familiar one (Silvers et al., 2007). This behavior is 
similar to that of humans during the process of 
memory recovery of past events. Conversely, if the 
rodent spent the same amount of time exploring both 
the familiar object and the new one, we can predict 
that there is a potential indicator of memory 
impairment. Here, we want to use the NOR task to 
study and compare the acute effects of isoflurane- 
and ketamine-induced anesthesia in this rodent 
model of hippocampal learning. Male Sprague 
Dawley rats (3 mo. old, 300 grams, approx.) were 
exposed to either isoflurane (2-3% total/1-1.5% per 
animal) or ketamine (100 mg/kg) 5 days prior to NOR 
training. We hypothesized that low doses (1-1.5%) of 
isoflurane would result in cognitive impairments that 
would manifest during the NOR task. This 
investigation had the main goal of elucidating the 
current anesthetic use of isoflurane (in total 
concentrations that fluctuate from 1.3 to 3%) in 
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human patients, which use may confer a risk of post-
surgical cognitive deficit and, further, a loss of human 
quality of life. 
 
 

METHODOLOGY 
Fifteen male Sprague Dawley (approx. 3 mo. old, 
~300 g.) rats were obtained from the Ponce School 
of Medicine and Health Sciences animal care facility 
and housed separately on a 12-hour light–dark cycle. 
Food and water were provided ad libitum. To reduce 
stress-mediated effects on behavior, animals were 
handled for 5 days (5 min. per day) before NOR 
training. Two different groups were identified as 
follows: 1) ketamine anesthetic (n = 3/100mg/kg); 2) 
isoflurane anesthetic (2-3% total/1-1.5% per animal.  
 
Following the handling period and after having 
reached a weight of approximately 300 g, all of the 
rats were subjected to stereotaxic surgery. They 
were treated with atropine sulfate (0.4mg/kg) to 
prevent respiratory congestion and then 
anesthetized either with ketamine (100mg/kg) or with 
isoflurane (2-3% total/1-1.5% per animal). During the 
surgery, each anesthetized rat was mounted on a 
stereotaxic frame (Model 900, David Kopf 
Instruments, USA). A midline incision was made on 
the scalp to expose the skull. Two 23-gauge 
stainless steel guide cannulae (10mm) were 
implanted bilaterally into the DH (3.8mm posterior to 
bregma, ±2.5mm lateral to midline, 2.2mm ventral to 
the surface of skull; Paxinos & Watson, 1986). Three 
jewelry screws serving as anchors were implanted 
over the frontal and posterior cortices. The whole 
assembly was affixed to the skull with dental cement. 
A stylet of 10mm was inserted into each cannula after 
surgery to maintain patency. Rats recuperated in 
their home cages for 5 days. They were handled 5 
mins per day for 5 days before the behavioral 
experiment. 
 
Five days following surgery, the animals were 
habituated to the NOR apparatus (open field) for 3 
consecutive days (3 trials/day, 10 min each). On day 
4, the animals were placed, one at a time, in the 
apparatus and allowed to explore 3 objects with 
exact positions for 10 minutes (training). The time 
that each animal spent exploring each object was 
recorded and measured. Twenty-four hours later, the 
rodents were separately returned to the apparatus, 
this time with one of the original objects having been 

replaced by a new one. The amount of time that the 
each animal spent exploring each object was video-
recorded and calculated by hand. The percent time 
of novel exploration was calculated by dividing the 
time spent exploring the novel object by the total time 
spent exploring either object. Immediately following 
the testing day, each rat was deeply anesthetized 
with sodium pentobarbital (100 mg/kg; ip) and 
decapitated. The brain was removed and 
cryoprotected for histological verification of the 
cannulae placements. Animals displaying incorrect 
placement were discarded from the study. 

 

RESULTS 
Animals anesthetized with ketamine (100mg/kg) 
spent more time exploring the novel object than the 
familiar one (p<0.05; see Figure 1). 
 
                                                                                                                                                                                                                                                                                                                                                                                                      
 
 
 
 

Figure 1. The data show a clear statistical difference (p<0.05) in the percent of time 
spent exploring the novel object versus the familiar one for the rats anesthetized 
with ketamine (100mg/kg). This behavior indicates that the anesthetic ketamine 
does not impair the process of learning or affect the already acquired memory of 
the familiar object.  

 
Animals anesthetized with isoflurane (1-1.5% per rat) 
spent basically the same time exploring the novel 
object and the familiar one (See figure 2). 

Exploration Time (%) 

* 
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Figure 2. The data show no differences in the percent of time spent exploring the 
novel object versus the familiar one for the rats anesthetized with isoflurane (1-
1.5% per rat). This graph demonstrates that the administration of isoflurane 
anesthesia results in a hippocampal-dependent spatial memory impairment. 

 

DISCUSSION 
One of the side effects of general anesthetic, which 
is frequently used to sedate patients for surgery, can 
be amnesia or some other form of memory 
impairment, either of which is experienced post-
operatively. Many of these disorders are called post-
surgical cognitive deficits (PSCD) by 
anesthesiologists and surgeons. Such deficits can 
last for more than a year, though they can resolve 
much more quickly. In many cases, physicians have 
found that memory impairments continue into 
advanced age. Currently, there is no known way to 
reverse the memory loss brought on by PSCD, other 
than allowing it to resolve on its own. A new study 
presented at the annual congress of the European 
Society of Anesthesiology (ESA) showed that 
exposure to general anesthetic increases the risk of 
dementia in the elderly by 35%. Based on this, we 
decided to assess the effect of low doses (1-1.5%) of 
isoflurane; we predicted that the use of this inhaled 
anesthetic would result in higher levels of cognitive 
impairment in animals attempting a novel object 
recognition task than would the use of a systemic 
anesthetic. We do not know whether inhaled 
anesthetic has a different effect than does the 
systemic anesthetic. The main differences between 
the mechanisms of the two types of anesthetic might 
explain the effect that we observed during the 
experiments. Animals anesthetized with ketamine 
displayed typical learning behavior when undertaking 
the novel object–recognition task, whereas 
isoflurane-anesthetized rodents were impaired 
(p<0.05). Our results support the notion that the 

acute administration of isoflurane anesthetic results 
in hippocampal-dependent spatial memory 
impairments. These results might be caused by the 
interaction of the drug (anesthetic) and the neuro-
receptors; this aspect should be explored in the 
future in order to better understand the mechanisms 
involved during memory impairment. 
 
 

CONCLUSIONS 
Animals anesthetized with ketamine displayed 
typical learning behavior in the novel object-
recognition task, whereas isoflurane-anesthetized 
rodents were impaired (p<0.05). Our results support 
the notion that the acute administration of isoflurane 
results in hippocampal-dependent spatial memory 
impairments. These observations may offer 
important insight into the effects of this inhaled 
anesthetic on patients. The current use of isoflurane 
as an anesthetic for human patients call for a total 
concentration that fluctuates from 1.3 to 3%, which 
may put these patients at potential risk for post-
surgical cognitive deficit. Further studies in our 
laboratory will be focused on the exploration of the 
differences of isoflurane-mediated effects between 
mice and rats and the possible differences in the 
mechanisms related to this kind of anesthetic.  
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ABSTRACT 
The mu opioid receptor is responsible for supraspinal 
analgesia and physical dependence. It also plays an 
important role on fear conditioning and extinction 
learning. The amygdala, periaqueductal gray (PAG), 
and prefrontal cortex (PFC) are brain structures that 
are important to the development of PTSD. Previous 
studies on fear conditioning have shown that 
communication between these 3 structures regulates 
fear conditioning and extinction behavior. 
Considering the interaction of these structures, it is 
important that we learn how fear conditioning and 
extinction affects the opioid receptors levels. In light 
of this, the objective of the study is to determine the 
effects of opioid agonists and antagonists on the 
expression of mu opiod receptors in the amyddalae, 
PAG, and the PFC’s of female rats during the 
metaestrus and preestrus stages of their estrous 
cycles.  To understand this mechanism, we 
performed protein quantification and western blots 
analysis. We found significant differences between 
the regions and the treatments, which differences 
depend on where in the estrus cycle a given test 
subject was.  The preliminary data show significant 
differences in mu expression at different stages of 
the estrus cycle, and these differences also are 
linked to brain region. Further analysis will allow us 
to understand how mu opioid receptors are altered in 
response to agonists or antagonists during fear 
conditioning and extinction. 

BACKGROUND 
The opioid system consists of scattered neurons that 
produce 3 opioids: beta-endorphins, met- and leu-
enkephalins, and dynorphins. These opioids act as 
neurotransmitters that modulate the activity of 3 
classes of receptors: mu, delta, and kappa (Holden 
JE et al., 2005). The kappa receptors are located in 
the limbic system and in other diencephalic areas. 
They also are found in the brain stem and spinal 
cord. The kappa receptors are the ones responsible 
for spinal analgesia, sedation, dyspnea, 
dependence, dysphoria, and respiratory depression. 
These receptors are also known as KORs (kappa-

opioid receptors). The  
delta-opioid receptors, also known as DORs, are 
located widely in the brain areas, but their effects are 
not well studied. It is suggested that they may be 
responsible for psychomimetic and dysphoric effects. 
The mu opioid receptors, better known as MOR 
receptors, are responsible for supraspinal analgesia, 
respiratory depression, euphoria, and sedation; they 
also decreased gastrointestinal motility and physical 
dependence. The receptors are divided into 2 
subtypes: MOR1 and MOR2. MOR1 is related to 
analgesia, euphoria, and serenity, while MOR2 is 
related to respiratory depression, pruritus, prolactin 
release, dependence, anorexia, and sedation 
(Holden et al., 2005). Previous studies have found 
that the MOR agonist morphine has a protective 
effect in PTSD. Specifically it shows that acute 
morphine administration reduces the severity of 
PTSD during the first 48 hours of the trauma (Bryant 
et al., 2009). Also this outcome has been studied in 
relation to the MOR antagonist, naloxone. McNally 
and Westbrook (2003) have shown that a pre-
extinction injection of naloxone has significantly 
impairs the acquisition of extinction. MOR is 
important for the Pavlovian fear conditioning and 
extinction because the amygdala is an important 
structure in the development of PTSD. Previous 
studies on fear conditioning showed that when 
amygdala activation is disrupted, such disruption 
influences (by severely disrupting) the amygdala of 
the prefrontal cortex (PFC) (Parsons et al., 2010). It 
is important to study the function of periaqueductal 
gray matter (PAG) opioid receptors in fear 
conditioning and extinction because studies have 
shown that opioid receptors regulate fear extinction 
(McNally & Westbrook, 2003; Parsons et al., 2010). 
Studies have shown that the ventrolateral 
periaqueductal gray (vlPAG) contributes to fear 
extinction and that the opioid receptors have a role in 
the acquisition of such extinction (McNally et al., 
2004). 

On the other hand, the amygdala also has a role in 
extinction. Intercalated amygdala neurons constitute 
like mediators of extinction because they receive CS 
signals from the basolateral amygdala (BLA) and 
contribute inhibitory functions to the central nucleus 
(Likhtik et al., 2008). However, it has been 
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 determined that the activation of opioid receptors 
after fear conditioning might interfere with 
hippocampal-dependent consolidation, which can 
impair fear conditioning (McNally and Westbrook, 
2003). In PAG, mu opioids receptors are different in 
males and females. In females, mu opioids-receptors 
availability is different depending on the estrus cycle 
(Gonzales et. al., 2011). Considering these changes, 
it is important to learn how fear conditioning and 
extinction affects opioid receptors levels. In light of 
these findings, the objective of the study is to 
determine the effects of opioid agonists and 
antagonists on the expression of mu opioid receptors 
in the amygdalae, PAG, and PFC’s of female rats 
during the mataestrus and the proestrus stages of 
their estrous cycles.  

METHODOLOGY 
The rat brain samples were obtained from a previous 
study in which female rats were exposed to the 
Pavlovian fear conditioning and extinction protocols. 
Vaginal smears were performed over a period of 10 
days to determine at which stage of the estrus cycle 
the test subjects were. The metaestrus stage is when 
estrogen levels are low, and the proestrus stage is 
when estrogen levels are high. At either proestrus 
and metaestrus rats were exposed on the first day of 
fear conditioning, which consisted of 3 tones followed 
by a foot shock. One group was injected with 2.5 
mg/Kg of morphine, an MOR agonist, post-
conditioning, and another group was injected with 2.5 
mg/Kg of naloxone, an MOR antagonist. On day 2, 
they were exposed to the extinction, which consisted 
of 12 tones without any foot shock. On day 3, the rats 
were sacrificed, immediately after testing. Their 
brains were extracted and stored at -80 C. 

Brain dissections were performed to extract the brain 
structures of interest. The brains were placed in a 
plate over dry ice, and we performed punches in 
different regions of the brain. After the punches were 
done, tissue homogenization was performed. 

For the tissue homogenization, a RIPA buffer cocktail 
of 2 ml of buffer plus 2 μl of proteases and 
phosphates inhibitors was prepared. To do so, 250 μl 
were add to each sample and placed on ice; then, 
each one was homogenized with a plastic pestle until 
no lumps of tissue could be observed. Samples were 
incubated at 4°C for 1 hour, with shaking. After 
incubation, we centrifuged the samples for 20 min at 
12000 rpm at 4°C. Finally, we removed the 

supernatants and stored the samples at -20°C until 
quantification. 

For protein quantification, we used a 96-well 
microplate. Samples were prepared in a 1:10 dilution 
containing 10 μL of each standard or unknown 
sample in the appropriate microplate well. We added 
200 μL of Coomassie plus Reagent to each well and 
mixed the result on a plate shaker for 30 seconds. In 
order to ensure the most consistent results, we 
incubated the plate for 10 minutes at room 
temperature (RT). Next, we measured the 
absorbance at or near 595nm on a plate reader. The 
measurement was performed using the Synergy HT, 
according to the Bradford assay protocol. We then 
prepared a standard curve by plotting the average 
blank-corrected 595nm measurement for each BSA 
standard vs. its concentration (μg/ml). Using the 
standard curve, we determined the protein 
concentration estimate for each sample using Graph 
Pad Prism software. 

Western Blot: 

For the western blot, we used polyacrylamide Mini-
PROTEAN TGX precast gel (Bio-Rad #456-1043) 
12% 10 well comb. 30 µL. Running Buffer (1X TGS – 
Tris/Glycine/SDS) (10X) V = (1X) (1L) V = 0.1L = 100 
mL 10X TGS in 900 ml dH2O. The sample buffer was 
prepared by adding 50 µL of B-mercaptoethanol to 1 
mL of Laemmli Sample Buffer (Bio-Rad #161-0737). 
The loading buffer was added at a ratio of 1:10. After 
adding loading buffer, samples were placed on a 
heating block at ~100°C for ~10 min and then placed 
immediately on ice until ready to load gel. In each 
well of the electrophoresis gel, we added 30 µL of the 
prepared samples for a volume corresponding to 10 
µg of total protein. The electrophoresis conditions 
were 120v for a period of 1 hour at room temperature. 
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 Gel transfer was performed using the Invitrogen iBlot 
Dry Blotting system in the Molecular and Genomics 
Core Lab. After transferring the membrane, we 
prepared a solution of TBST that consisted of 6.05 g 
of Tris base, 8.76 g of NaCl, 800 and mL of dH2O; 
we adjusted the pH to 7.5with HCl, adjusted the 
volume to 1 L, and added 1 mL of Tween-20. The 
membranes were washed 3x for 10 minutes each. A 
blocking solution of 10% milk in TBST (10 g of milk in 
100 mL of TBST) was prepared. The blocking was 
performed for 1 hour at room temperature. After 
blocking the membranes, they were washed 3x for 
10 minutes with TBST. 

For the primary antibody incubation, a rabbit anti-mu 
opioid receptor (Immunostar) was used. The 
antibody was diluted in 3% milk using a ratio of 
1:1000 (1µ L of antibody in 1 mL of 3% milk). The 
membranes were incubated overnight at 4°C, with 
shaking. After incubation with primary antibody, the 
membranes were washed 3x for 10 minutes each 
with TBST. For the secondary antibody incubation, 
Donkey anti-rabbit IgG-HRP (Santa Cruz) was used 
with a dilution of 1:1000 in TBST. The incubation was 
performed at room temperature for 1 hour, with 
shaking. After the secondary incubation, the 
membranes were washed 3x for 10 minutes with 
TBST. 

For protein detection, we used the SuperSignal West 
Pico Chemiluminiscent substrate. The working 
solution was prepared in equal parts of the stable 
peroxide solution and the luminal enhancer solution. 
The membranes were placed on a transparent sheet 
protector, after removing the excess of liquid from 
each one. The working solution was added directly 
on the membrane, after which we carefully pressed 
out the bubbles between the membrane and the 
sheet protector. Band detection was performed with 
the Chemidoc XRS Imaging System using Quantity 
One software by Bio-Rad. The densitometry of the 
bands was done with the Quantity One software. The 
analysis of the data was done using Excel, Prism, 
and SPSS software programs. 

RESULTS 
The preliminary data analysis shows that the acute 
administration of morphine has an effect on the 
expression of MOR in the amygdala and in the PFC 
but not in the PAG (Figures 1 & 2). The statistical 
analysis shows that in the rats at metaestrus stage 
treated with naloxone have no significance difference 

in the amygdala and neither in PFC between the 
control groups. Comparing the metaestrus group 
treated with morphine with the metaestrus group that 
received saline, there were significant differences       

(t = -10.4, df = 4, p<0.05) in the amygdalae of the 
morphine vs. saline subjects (Figure 1) but no such 
differences in their PFCs (Figure 3). 

In the proestrus groups, compared to those in the 
rats in control group, the rats treated with morphine 
showed significant differences in their amygdalae (t 
= 3.97, df = 4, p = 0.016) (Figure 1). Also significant 
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 differences were found in the PFCs of morphine-
treated rats (t = -6.148, df = 4, p = 0.004). 

DISCUSSION 
The preliminary data show that there are different 
effects on MOR expression at different stages of the 
estrus cycle. The acute administration of morphine in 
rats in the metaestrus stage caused a decrease in 
MOR expression in the amygdala, while the opposite 
was observed in the rats treated with acute morphine 
in the proestrus stage that in the amygdala is a 
significant increase of MOR expression while there’s 
a significant decrease in the PFC of MOR expression 
in the rats at the proestrus stage with acute morphine 
treatment. In the PAG there was no change either in 
rats in metaestrus or proestrus or in rats treated with 
naloxone or acute morphine. Good and Westbrook 
suggest that the microinjection of morphine into the 
amygdala reduces the expression both of the fear 
response and of naloxone-sensitive hypoalgesic 
responses but does not reduce the expression of 
naloxone-insensitive hypoalgesic responses. Their 
results document the involvement of opioidergic 
mechanisms in the amygdala in learned danger and 
of the amygdala in the control of opioid hypoalgesic 
responses (Good and Westbrook, 1995). 

CONCLUSIONS 
Our preliminary data are consistent with the finding 
that there is significant involvement of opioidergic 
systems in the amygdala after fear learning and 
extinction in female rats. The opioidergic response is 
significantly dependent on the stage of the rat’s 
estrous cycle, with opposite effects on proestrus vs. 
metaestrus for amygdala MOR levels. These 
preliminary data have some limitations with respect 
to the number of rats per group. In future studies, we 
would like to perform immunoprecipitation and run 
western blots targeting the phosphorylated form of 
the MOR and explore the possibility of receptor 
dimerization with other opioid receptors such as the 
DOR. 
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Dear Science Teacher 

or Career Counselor: 

Do you know students  

oriented towards the 

Natural Sciences? Would 

you like to expose them 

to activities that will pro-

vide them a  better un-

derstanding of research-

related careers in        

different disciplines of the 

Natural Sciences ?  

The University of Puerto 

Rico in Ponce PRISE Pro-

gram (UPR-PRISE) invites 

you, to identify and select 

up to 12 academically ac-

complished students en-

rolled in tenth (10th) or 

eleventh (11th) grade with a 

genuine interest in Natural 

Sciences to the Second 1-day 

Congress: “Welcoming: 

Future Scientists 2014 ”, 

to be held in the University 

of Puerto Rico in Ponce on 

Saturday March 22, 2014.                                                                     

The objectives of the con-

gress are to: 1) advise high 

school students about the 

opportunities that the Natu-

ral Sciences  dis-

ciplines offer; 2) 

introduce them to 

laboratory re-

search techniques 

and environ-

ments;  3) en-

courage them to consider 

pursuing  graduate stud-

ies in  disciplines within   

Natural Sciences. 

The activities will in-

clude: careers-oriented 

seminars, hands-on 

workshops in molecular 

biology, and microscopy, 

chemistry, physics, and zoolo-

gy demonstrations, and Bio-

medical Sciences and vendors 

exhibitions, among other. In 

addition, the participants  will  

have the opportunity to inter-

act with successful college 

students, obtain advise from 

them, win Prizes, and re-

ceive a Certificate of Partici-

pation.  

REGISTRATION DEADLINE: MARCH 7, 2014 

Activity aims: 

 Create awareness among  stu-

dents about research-oriented 

careers in Natural Sciences 

and the opportunities for 

success in the field of interest.  

 Provide students with hands-on 

experiences, science demon-

strations and social interac-

tions with college students 

engaged in research that will 

promote their interest in 

research-oriented professions.  

  Award a participant student 

with the opportunity to be-

come a Scientist for a day! 

Activity date: Saturday 

March 22, 2014  

1-Day Scientific Congress:                                      

U n i v e r s i t y  o f  P u e r t o  R i c o  i n  P o n c e  P R I S E  P r o g r a m  

How to Register your students On-line? 
 

DUE TO LIMITED   
SPACES WE         

RECOMMEND YOU 
REGISTER YOUR 

STUDENTS AS 
SOON AS                

POSSIBLE.       
Thanks! 

Teachers or Counselor will re-
sponsible to identify and  regis-
ter students from their corre-
spondent schools.  There is a 
limit of one (1) twelve-students
(12)group per school. We en-
courage you  to select students  
with a genuine  interest and 
known potential in the pre-
sented areas or disciplines.                                    

The requested students’ information 
includes: Name, address, email, and 
phone numbers. If you have ques-
tions about extra spaces for your 
students, have difficulties in register-
ing or would like to receive more 
information, please do not hesitate in 
c o n t a c t i n g  u s  v i a  e m a i l : 
rise.ponce@upr.edu or the references 
at the  bottom of the page. 

Registration 

opens 

Registration 

Closes 

7 : 0 0am 

 

8 : 0 0a m 

Opening  

Ceremony 
8 : 0 0a m 

Concurrent 

Sessions  
9 : 00a m 

Lunch  1 1 : 3 0 am 

Afternoon   
Concurrent 
Sessions 

1 : 0 0 pm 

Closing        

Remarks  
5 : 00 p m 

Itinerary at a Glance 

“ The  New Research-PRISE” 

Office Phone: 787-844-8181 x 2652 

Office Hours: 8:00am - 4:00pm     

Fax: 787-290-4064 

 
Contact 
us:       

José Albelo, General Coordinator jose.albelo@upr.edu  / 787-974-7395 

Roberto Morales, Public Manager roberto.morales@upr.edu  /  787-673-6365 

Rafael Rivera, Registrar rafael.rivera30@upr.edu  /  787-532-2226 
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ABSTRACT 
Bacillus anthracis is a Gram-positive bacterium, 

causative agent of anthrax. This bacterium 

expresses two main virulence factors: Tripartite 

anthrax toxin and Poly D-glutamatic acid capsule. 

Previous studies have shown that the atxA gene 

encodes the main protein, AtxA, which regulates the 

transcription of the genes encoding both virulence 

factors. This gene is located on the pXO1 plasmid, 

and is transcribed by two promoters. Unpublished 

data in Perego’s laboratory indicates that a third 

promoter contributes to atxA transcription (atxA 2-2). 

The aim of the investigation is to identify the 

sequence determinants required for the activity of 

this third promoter from atxA gene. In order to identify 

the sequence determinants we generated a library of 

mutations in the atxA 2-2 region. We transformed the 

pools in the strain 34F2 of B. anthracis. The 

transformants were screened on plates for loss of 

induction in 0.8% of bicarbonate and 5% of CO2. We 

selected the transformants that showed a less 

transcription activity, and we extracted the pTCV-lac 

plasmid DNA. Then we sent to sequence the plasmid 

DNA to determine whether any mutation was 

present. We made one library with four pools of the 

pTCV-lac/atxA 2-2 mut. In the sequence obtained we 

can identify a putative -10 & -35 consensus 

sequence for SigA-containing RNA polymerase; 

however, none of the mutations identified mapped in 

the putative consensus sequences. In order to 

identify the critical region for the atxA transcription 

from the 2-2 region we need to extend the content of 

the libraries and screen more transformants. 

 

BACKGROUND 
Bacillus anthracis (B. anthracis), a Gram-positive 

bacterium, is the causative agent of anthrax. It lives 

in soils worldwide at mesophilic temperatures. This 

bacterium has been used as biological weapon and 

although a vaccine already exist against this 

pathogen, B anthracis continues to be a potentially 

very harmful organism. The bacterium can alternate 

it lifestyle from dormant spores (when cell is deprived 

from some essential nutrients) to a virulent pathogen 

(when the bacteria spores enter in the host and 

sense the presence of resources required for growth 

and reproduction) (Bongiorni, et al., 2008). The main 

virulent factors are encoded on two extra-

chromosomal, double-stranded DNA plasmids: 

pXO1 (189 kb), which encodes the tripartite anthrax 

toxin and pXO2 (96 kb), which encodes the Poly D-

glutamatic acid capsule that allows the organism to 

resist phagocytosis.  

 

This investigation was performed using the 34F2 

strain of B. anthracis. This strain contains only the 

pXO1 plasmid that, as I mentioned above, encodes 

to the toxin genes. The tripartite anthrax toxin is a 

complex of three plasmid-encoded proteins. These 

are the Protective Antigen (PA) encoded by the pagA 

gene, the edema factor encoded by the cya gene and 

the lethal factor encoded by the lef gene (Chiang, et 

al., 2011). The PA protein forms a multimeric ring, 

which inserts into the cell membranes of the host, 

allowing the other two toxic components to pass 

through the membrane via a special toxin delivery 

system (Spencer, 2003). This protein is not toxic 

alone, and if it is inactivated, the two other proteins 

(EF, LF) would not be harmful. The other two proteins 

can lead to serious illness. It has been demonstrated 

that high LF levels destroy white blood cells by 

interfering with the MAPKK pathway, while EF 

increases cyclic AMP levels. Energy and water 

balance is impaired by the increase in cyclic AMP, 

resulting in the accumulation of fluid in cells (edema) 

(Spencer, 2003). This will result in shock septic and 

organ failure in the host.  
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Previous studies conducted in Dr. Perego’s 

laboratory and others have shown that the atxA gene 

encodes the main protein, AtxA, which regulates the 

transcription of the genes encoding both virulence 

factors (AtxA acts as a global regulator). Also it has 

been shown that AtxA (protein) is required for the 

induction of the pagA gene in 0.8% Bicarbonate-5% 

CO2 atmosphere (0.8% Bic-5% CO2), conditions 

thought to mimic the mammalian host.  

The atxA gene is located on the pXO1 plasmid as 

well, and is transcribed by two promoters. The 

transcription of this gene is induced by glucose.  

 

Unpublished data in Perego’s laboratory indicates 

that a third promoter contributes to atxA transcription 

(atxA 2-2). This promoter seems to be induced by the 

respiratory pathway controlled by the ResDE two-

component signal transduction system that senses 

oxygen availability. The two-component regulatory 

systems, consisting of a membrane sensor histidine 

kinase and a cytoplasmic response regulator, 

enables bacteria to sense and respond to 

environmental conditions even when the stimuli do 

not penetrate the cytoplasm. In response to an 

appropriate signal, autophosphorylation occurs at a 

conserved histidine residue in the cytoplasmic 

domain of the sensor. The phosphoryl group is then 

transferred to an aspartate residue on the response 

regulator, which in turn stimulates or represses target 

genes at the transcriptional level, (Julia Esbelin, et 

al., 2009). Among the genes that this system 

regulates is the Fnr transcriptional regulator, which is 

required for the adaptation of the bacterium to low 

oxygen tension.  

 

Preliminary data from Perego’s laboratory show that 

the deletion of the fnr prevents the induction of 

transcription activity in the atxA2-2 region when cells 

are grown in 0.8% Bic-5% CO2. The sequence 

determinants that are required for this induction have 

not been identified yet.  

 

The specific aim of the investigation is to identify the 

sequence determinants required for the activity of 

this third promoter of the atxA gene. The 

identification of this promoter will give us the 

opportunity to better understand the physiological 

conditions that bring about the induction of the 

virulence factors in this bacterium. By understanding 

the mechanism of regulation of this process we can 

develop more effective treatments or antibiotics 

against the anthrax disease. 

 

METHODOLOGY 

PCR Mutagenesis 

In order to generate a library of mutations in the atxA 

2-2 region (approximately 220bp), we conducted 

several error prone PCR reactions. We performed 

the PCR reactions using two oligonucleotide primers 

designed by Dr. Perego (∆118Eco2 at the 5’ end of 

the fragment and AtxABam2 at the 3’ end of the 

fragment) and we applied two reaction conditions: in 

one we used excess or depletion of individual 

nucleotides, in the other we added an excess of 

magnesium (reaction 1. Low Adenine concentration, 

reaction 2. Extra MgCl2, reaction, 3. High 

deoxythymine and high deoxyguanine 

concentration). 

 

Cloning 

We cloned the PCR products into a promoter-

reporter vector that carries the promoter-less lacZ 

gene of E. coli) (pTCV-lac). In order to clone our 

mutagenic fragment we digested the vector and the 

PCR product with the enzymes EcoRI and BamHI. 

The ligation reactions were transformed in the DH5α 

E. coli strain. A sample of the transformants were 

analyzed by colony PCR to determine the 

percentage of clones containing the insert and a few 

clones with the fragment were sequenced to 

determine whether mutagenesis occurred.  

Promoter Activity, DNA extraction and 

Sequencing 

The ligation reactions were also transformed in the 

cells C600 of E. coli to make the library of mutagenic 

DNA. Transformants were pooled from the plate and 

plasmid DNA was extracted with a plasmid 

purification kit (Macherey and Nagel). The C600 
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strain was used in order to obtain methylation-free 

plasmid DNA necessary to transform in B. anthracis. 

We used the purified DNA to transform strain 34F2 

of B. anthracis. The transformants of the B. anthracis 

were screened on plates for loss of induction in 0.8% 

Bic-5% CO2 using X-gal as an indicator. We selected 

the transformants that showed a less transcription 

activity (less blue than the control strain), we 

extracted genomic DNA and used it to transform in 

C600 in order to recover the pTCV-lac-derived 

plasmid. We purified each individual plasmid and we 

sent to sequence to determine whether any mutation 

was present.  

 

RESULTS 
We made one library containing four pools of the 

pTCV-lac/atxA 2-2 mut using strain C600 of E.coli. 

Only pool 1 and pool 2 were transformed in B. 

anthracis (shown in figure 1, 2 and 3). Pool 1 was 

also transformed in B. subtilis. We obtained 38 

transformants of B. anthracis (pool1), in B. subtilis we 

obtained more or less one thousands of 

transformants of pool 1, and we obtained 30 

transformants of pool 2 in B. anthracis. 

All of the colonies were patched on plates in order to 

screen them for mutants with increased or decreased 

level of transcription upon exposure to the inducing 

conditions (0.8% Bic-5% CO2) 

atxA2-2 Gene Activity 

As we can see in the pictures below the 

transformants exposed to 0.8% Bic-5% CO2 showed 

an increase in gene activity as is expected. However, 

some of the transformants showed a decrease in 

gene activity (1L, 2L and 6L, figure 1 & 1L and 3L 

figure 2). While, transformants 1H and 2H from figure 

3 were the only transformants that showed an 

increase in gene activity. From those samples we 

extracted the chromosomal DNA and transformed in 

C600 cells, then we sequenced this DNA to analyze 

the mutation that cause this change in gene 

induction.  

 

      

Figure 1: Left: B. anthracis colonies from pool 1 patched and exposed to normal 

conditions (37°C-air). Right: B. anthracis colonies from pool 1patched and exposed 

to 0.8%Bic-5%CO2 atmosphere. The first four transformants in both plates are the 

controls: pTCV-lac/ atxA WT 

      

Figure 2: Left: B. anthracis colonies from Pool 2 patched and exposed to normal 

conditions (37°C-air). Right: B. anthracis colonies from pool 2 patched and exposed 

to 0.8%Bic-5%CO2 atmosphere. The controls appear at the bottom of both plates 

(AtxA 2-2 WT, positive control/ ptcvlac, negative control). 

 

Figure 3: Left: B. subtilis patched from Pool 1. Colonies were exposed to normal 

conditions (37°C-air). Right: B. subtilis patched from Pool 1. Colonies were exposed 

to 0.8% Bic-5% CO2 atmosphere. The first four transformants in both plates is 

pTCV-lac/ atxA 2-2 WT 

We only sent to sequence the samples 2H from 

figure 3 and 1L & 3L from figure 2, because we had 

problems extracting the chromosomal DNA from the 

other transformants that showed changes in gene 

activity. 
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atxA 2-2 Sequence 

We summarized the mutation found in the three 

samples sequenced in the figure 4 (below). The 

mutations are highlighted in red. We can see that 

sample 2H has a transition from C to T, samples 1L 

and 3L show a transition from A to G in different 

positions. 

 

Figure 4: Showing atxA 2-2 promoter sequence with the mutations obtained (in 

red). Also are shown the possible -10 and -35 promoter consensus region for SigA-

containing RNA polymerase (underlined). 

 

DISCUSSION 
Although we had some problems purifying the 

fragment and to obtain a high efficiency numbers of 

transformants we made one library with four pools of 

atxA 2-2 mut DNA (Pool 1-4). The pool 1 was 

generated with a low concentration of deoxy-

Adenine, pool 2 was made with excess of MgCl2 and 

pool 3 and 4 were made with high concentrations of 

deoxy-Thymine and deoxy-Guanine. Only pools 1 

and 2 were transformed in B. anthracis, because the 

DNA from pool 3-4 was degraded during the plasmid 

purification. 

As we can see in figures 1 and 2 the transformants 

exposed to 0.8% Bic-5% CO2 showed a higher gene 

induction compared to normal conditions (air), as 

expected.  However, some of the transformants 

showed a decrease in gene activity (appears lighter 

than the control atxA2-2 WT). We selected the 

colonies from each plate of transformants that were 

exposed to 0.8% Bic-5% CO2 that showed this 

decrease in gene activity and we performed a colony 

PCR to confirm that this transformants contained the 

insert. Also we selected the transformants 1H and 2H 

from figure 3, because these transformants showed 

an increase in gene activity compared to the control. 

We repeated the same procedure explained before 

with these transformants. 

Samples 1L, 2L and 6L from figure 1, 1H, 2H, from 

figure 3 and 1L and 3L from figure 2 contained the 

fragment. We only sent to sequence the samples 2H 

from figure 3 and 1L & 3L from figure 2, because we 

had problems extracting the chromosomal DNA from 

the other transformants or some of them showed a 

fragment smaller of what we expected. 

We summarized the mutation found in the three 

samples sequenced in figure 4. The mutations are 

highlighted in red. We can see that sample 2H has a 

transition from C to T, and samples 1L and 3L show 

a transition from A to G in different positions. In the 

sequence obtained we can identify a putative -10 & -

35 consensus sequence for SigA-containing RNA 

polymerase; however, none of the mutations 

identified mapped in the putative consensus 

sequences. We cannot rule out the possibility that a 

sigma factor different from SigA transcribes this 

additional promoter or that the mutations modify a 

DNA binding motif for a transcriptional activator. This 

would be consistent with the Fnr protein, or another 

transcription factor controlled by fnr, being required 

for induction of transcription from this region when 

cells are grown in 0.8% Bic-5% Co2. 

In order to distinguish between these scenarios, we 

need to extend the content of the library and screen 

more transformants in order to identify mutations in 

commons sites that decrease gene activity. Those 

sites will identify the critical region for the atxA 

transcription from the 2-2 region. 

 

http://prise.uprp.edu  2011-13 UPR-PRISE Scientific Magazine. Copyright 2015. 77



 

 
CHARACTERIZATION OF A THIRD PROMOTER CONTRIBUTING TO 

EXPRESSION OF THE ATXA VIRULENCE REGULATOR OF BACILLUS 

ANTHRACIS 
 

Shirley Jusino¹, Khoosheh Gosink Ph.D2., Christina Chiang², and Marta Perego Ph.D. (P.I.)2 

 

 

CONCLUSIONS 
As was mentioned above, we need to make more 

libraries of mutagens of the 2-2atxA region and keep 

mapping the mutations sites in order to identify the 

exact promoter’s region, because with only three 

transformants we cannot ensure where is located the 

start site of this promoter.  
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ABSTRACT 
Macrophages play a crucial role in HIV-1 latency and 

persistent viremia, especially in the establishment 

and continuance of viral reservoirs, even when the 

patients are receiving suppressive cART. 

Macrophages are long-lived cells that are resistant to 

the cytopathic effects of viral replication. Due to their 

abundant distribution and capacity to migrate into 

tissues we hypothesized that they can contribute to 

the maintenance of known viral reservoirs such as 

that in CD4+ T cells. We isolated the infected 

monocytes of four HIV-infected patients taking anti-

retroviral therapy. Infected PBMC (peripheral blood 

mononuclear cells) were cultured for ten days in 

presence of macrophage colony stimulating factor. 

After differentiation, the monocyte-derived 

macrophages (MDM) were co-cultured with 

phytohemagglutinin (PHA)-activated CD8+-depleted 

PBMC’s from healthy patients for four weeks. 

Supernatants were harvested and analyzed for viral 

RNA using a sensitive reverse-transcriptase PCR 

assay using HIV-1 gag gene primers. Sequencing of 

the C2V3 region of the env gene from each patient 

revealed a 99.6% match. Results demonstrate that 

after differentiation into macrophages the infected 

MDM can still harbor the proviral DNA and were able 

to release replicate-competent virions into the 

supernatant. Future directions include performing 

cell to cell infection assays. These findings will be 

employed in an ex-vivo model to further analyze HIV-

1 infection and transmission in order to demonstrate 

whether tissue macrophages are a true viral 

reservoir in HIV-1 patients under suppressive cART. 

 

BACKGROUND 
Human immunodeficiency virus (HIV), the causative 

agent of acquired immunodeficiency syndrome 

(AIDS) was first reported in 1983 (Barre-Sinoussi et 

al., 1983). Currently, two sub-species of HIV have 

been identified: HIV type 1 (HIV-1) and HIV type 2 

(HIV-2). HIV-2 was discovered in West Africa in 1986 

and since then it has remained confined to this area 

(Clavel et al., 1986). In contrast, HIV-1 has 

successfully spread and is responsible for the current 

global AIDS pandemic (Sassé et al., 2000). 

According to the UNAIDS, is estimated that 35 million 

people around the world are infected with HIV-1. 

The transmission of HIV-1 occurs by exposure to 

infected blood, semen, vaginal fluid, or breast milk. 

Within these bodily fluids, HIV is present as cell-free 

virus and virus within infected immune cells. This 

virus is transmitted as single-stranded, positive-

sense, enveloped RNA (Smith et al., 2006). Upon 

entry into the cell, the viral RNA genome is reverse 

transcribed into double-stranded DNA by a virally 

encoded reverse transcriptase (Levy et al., 1993). 

The resulting viral DNA is imported into the cell 

nucleus and integrated into the cellular DNA by a 

virally encoded integrase using several host co-

factors (Levy et al., 1993). Once integrated, the virus 

may become latent, avoiding the detection of the 

immune system. Alternatively, the virus may be 

transcribed and initiate the cycle anew (Levy et al., 

1993). 

HIV-1 infects vital cells in human immune system 

such as CD4+ T cells, macrophages and dendritic 

cells. HIV-1 infection leads to low levels of CD4+T 

cells through a number of mechanisms including: 

direct viral killing of infected cells and killing of 

infected CD4+ T cells by CD8+ cytotoxic 

lymphocytes. In absence of treatment, cell-mediated 
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immunity is lost. The body becomes more 

susceptible to opportunistic infections and cancers. 

However, the scientific community has developed a 

combination antiretroviral therapy (cART) that 

interferes with some important steps in the viral 

replication cycle. This combination of drugs typically 

suppresses the viral loads in plasma to levels below 

the limit of detection by clinical assays (50 

copies/mL) (Palmer et al., 2000). This allows the 

body to increase the CD4+ T cells population. 

However, residual low-level viremia still can be 

detected in most patients using ultrasensitive 

assays, which means that the disease is not 

eradicated (Palmer et al., 2000). Recent studies 

have suggested three possible explanations of why 

the residual viremia remains despite the presence of 

ART: (1) the presence of long-lived HIV-1 infected 

cells that replicate and produce virus infecting 

healthy cells, (2) ongoing replication cycles in 

infected cells located in sites where the drug levels 

are suboptimal, and/or (3) proliferation of latently 

infected cells with regeneration of a stable reservoir 

of slowly dividing cells (Palmer et al., 2000). 

Recently, several studies have been conducted to 

understand the role of monocytes and macrophages 

in HIV-1 infection and their contribution to the 

establishment of a viral reservoir. Monocytes 

constitute 3-10% of circulating blood leukocytes, 

however, they live for a few days before 

differentiated into macrophages (tissue-specific 

cells). Conversely, macrophages can last up to 120 

days or longer. These cells constitute up to 7% of the 

HIV-1-infected cell population in vivo (Schacker et 

al., 2001) and their contribution to HIV-1 

pathogenesis is increasingly recognized (Duncan et 

al., 2013). 

As macrophages function as potent antigen-

presenting cells and mediators of both innate and 

acquired immunity and display high CCR5 

expression levels, they represent an early target for 

the establishment of both chronic and latent HIV 

infection (Gavengo et al., 2011). Multiple lines of 

evidence support an important role for macrophages 

in HIV-1 persistence: infected macrophages resist 

viral cytopathic effects, harbour replication 

competent virus for weeks to months, may reside in 

tissues where antiretroviral therapy (ART) 

penetration is reduced and are capable of efficient 

cell-to-cell viral transmission to uninfected CD4+ T 

cells (Duncan et al., 2013). Also the viral dynamics in 

macrophages is unique because these cells can be 

found in every organ system. This represents 

multiple microenvironments from which HIV-1 can 

establish latent infection and in which ART is often 

present with significantly different antiviral activity 

profiles (Gavengnano et al. 2011).  

Most of the studies that suggest this critical role for 

macrophages have been performed during the early 

stages of the infection. More studies need to be done 

to understand the role of these cells during 

suppressive cART. For that reason, the aim of our 

investigation is to perform an in vitro differentiation of 

HIV-1 infected monocytes into macrophages, in 

order to prove that monocyte derived macrophages 

(MDM) are able to harbor proviral DNA and release 

replicate-competent virus in patients under 

suppressive cART. We hypothesize that MDM are 

able to harbor and release replicate-competent virus 

that can contribute to the establishment of the viral 

reservoir in patients under suppressive cART, which 

ultimately, when targeted, could help in the 

systematically eradication of HIV-1. 

 

METHODOLOGY 
Isolation & Differentiation of Infected Monocytes  

To determine if MDM can harbor proviral DNA, with 

informed consent, 60ml of whole blood were drawn 

from four HIV-1+ patients (subjects 1-4). All of them 

were under suppressive cART and have viral loads 

below the limits of detection.  

Infected peripheral blood mononuclear cells (PBMC) 

were isolated using density gradient centrifugation 

with Histopaque-1077 (Sigma, USA). Briefly, the 
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blood was diluted 1:1 with phosphate buffered saline 

(PBS 1X) and placed over a layer of Histopaque-

1077 and centrifuged for 30 minutes at 400xg. Cells 

from the interphase layer were harvested (which 

include lymphocytes and monocytes), and washed 

four times with PBS. Cells were incubated in 

Monocyte Complete Medium (RPMI-1640 w/ 

Glutamax (HyClone USA), 10% heat-inactivated 

Fetal Bovine Serum, 1mM sodium pyruvate, 1000U 

penicillin, 100µg streptomycin, 1000U Amphotericin 

B) for three hrs. After three hours the non-adherent 

cells were removed. Infected monocytes were 

selected by their adherence capacity, and washed 

four times to ensure purification. The adherent cells 

were cultured for 10 days in Monocytes Complete 

Medium supplemented with 100ng M-CSF 

(BioLegend, USA). 

On day 10, the differentiated monocytes were 

harvested using a low concentration of Trypsin buffer 

containing 0.05% trypsin, 2mM EDTA in Hank’s 

Balanced Salt Solution (GIBCO, USA). To prove that 

the differentiated cells were MDM we used two 

methods: (1) 20µL of the harvested cells to view 

morphology using Wright’s stain, (2) 1ml of cells 

were labeled using a combination of CD3+, CD14+ 

and CD16+ monoclonal antibodies with their 

respective isotypes to performed flow cytometry (to 

view cell surface receptors) Flow cytometry were 

performed using FACS Aria. More than 96% of the 

differentiated cells expressed CD14+ and less than 

2% were CD3+ cells for each culture. In addition, we 

isolated the genomic DNA of the MDM using SQ 

DNA Whole Blood kit (Omega-Biotek) and Qiagen 

Micro DNA Blood (Qiagen, USA). Amplification of the 

C2V3 region of the HIV-1 env gene was performed 

in two sets of PCR reactions. In the first PCR we 

used outer primers ED12 (5’-3’) and ED31 (5’-3’), on 

the second or “nested” PCR the inner primers CV3 

forward (5’-3’) and CV3 reverse (5’-3’). All PCR 

reactions were performed using HotStarTaq Master 

Mix (Qiagen, CA) according to manufacture 

instructions. By this method, we were able to prove 

whether these cells harbor the proviral DNA or not. 

Co-Culture Supernatant Viral Loads 

To determine the ability of the MDM to release 

virions, the infected monocytes were differentiated 

into macrophages as previously described and co-

cultured with healthy phytohemaglutin (PHA) 

activated CD8+ depleted PBMC during four weeks. 

CD8+ cells were depleted from healthy PBMCs using 

the CD8 MicroBeads, an LD Column, and MidiMACS 

magnetic separator. CD8+ cells were depleted from 

healthy PBMC according manufacturer instructions. 

Cells were fluorescently stained with CD8+, CD3+, 

and CD14+ monoclonal antibodies with their 

respective isotypes. Flow cytometry was performed 

using FACS Aria. CD8+ labeled cells were depleted. 

The CD8+ depleted cells were activated with 

phytohemagglutin (PHA) for three days and co-

culture with infected monocyte-derived 

macrophages for four weeks, adding freshly 

activated CD8+ depleted PBMC every three days. 

Supernatants were collected and HIV-1 RNA were 

isolated using QIAamp UltraSens Virus Kit (QIAGEN, 

USA). One milliliter of culture supernatant was stored 

for HIV-1 gag p24 determination. 

HIV-1 viral RNA copies were determinated by a 

validated RT-qPCR assay using a conserved region 

of gag primers: 6F (5-CATGTTTTCAGC 

ATTATCAGAAGGA-3) & 84R (5-TGCTT 

GATGTCCCCCCCT-3) (Palmer et al.) 

MDM Infectivity Assay 

Infected and healthy monocytes were differentiated 

into macrophages as previously describe and co-

cultured in a 6-well plate. Healthy MDM (hMDM) 

were cultured at the bottom of the well and the 

infected MDM were co-culture above of the hMDM 

using a 3.0 µm pore-size transwell membrane culture 

insert for four weeks. To prevent taking all the viral 

particles, one milliliter of culture supernatant from the 

lower part were collected every ten days. HIV-1 viral 

RNA was isolated as previously describe and a viral 

load assay was performed. Detection of viral proteins 

in the supernatant was performed by Western Blot 
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using an anti-p24 (183-H12-5C) antibody. Primary 

antibodies were detected with horseradish 

peroxidase-conjugated, species-specific goat 

secondary antibodies (data not shown). The U1/HIV-

1 cell line (NIH AIDS Reagent Program) was used as 

positive control for the co-culture assay and p24 

detection. 

Testing Viral Competence 

With informed consent, 60ml of whole blood were 

drawn from four HIV-1+ patients (subjects 5-8) and 

infected monocyte were differentiated into 

macrophages as previously described. Differentiated 

cells were fluorescently labeled and flow cytometry 

was performed to ensure CD14+/CD16+ purity in our 

cultures. In addition, CEM-GFP and Jurkat cells were 

cultured following the manufacturer conditions.  

An infectivity assay was performed. Every 24 hours 

during five days we used the supernatant from each 

patient to infect the CEM-GFP cells. One of the 

supernatants from a random patient was selected to 

also infect Jurkat E6-1 cells. The HTLV supernatant 

was used as a positive control to infect CEM-GFP 

cells. Every 24 hours the cells were centrifuged at 

1200 rpm during 10 minutes. Then we suspended 

the cells in 2 mL of monocyte complete media. We 

collected 20µL of these cells to measure the GFP-

expression in the Nexcelom K2 cellometer. After the 

reading the total cells were incubated at 37º C in 5% 

CO2 with the infected supernatant. On the fifth day 

the genomic DNA from the cells was isolated, and 

with it the proviral DNA. A nested PCR was 

performed to amplify the C2V3 region from HIV-1 env 

gene. 

CEM-GFP cells are a type of lymphoblast expressing 

a plasmid encoding a humanized enhanced GFP 

under the control of a HIV-1 LTR promoter. The cell 

emits fluorescence when it becomes infected. The 

Jurkat cells were used as an additional control. Due 

to the fact that CEM-GFP cells can be infected only 

with the X4 strain of HIV-1 virus we added this control 

in order to rule out the possibility that a negative 

result might be due to the infection with the R5 HIV-

1 strain (Jurkat cells can be infected with both 

strains). 

 

RESULTS 
MDM identification 

After the PBMC isolation, monocytes were selected 

by the adhering capacity and culture in Monocyte 

Complete Media supplemented with MCSF. The 

amount of time that these cells were cultured was 

sufficient to complete the differentiation in vitro. In the 

first step in our investigation we wanted to prove that 

MDM can harbor the proviral DNA, so we needed to 

ensure the purity of our culture at the highest level 

possible. Macrophages have important 

morphological characteristics that allow us to 

differentiate these cells among the others. Figure 1 

shows the morphology of MDM (Wright’s stained) 

and Figure 2 shows the levels of CD14+/CD16+ cell 

surface marker, which is characteristic of MDM. Both 

techniques allowed us to confirmed that our cells 

were MDM, and that no other cell was present as a 

contaminant. 

 

Figure 1: Monocytes visualized under microscope amplified 400x, Wright’s 

staining. 
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Figure 2: Cells collected from supernatant were labeled with a combination of cell 

surface marker monoclonal antibodies and their respective isotypes (CD3+, CD14+ 

and CD16+) 95% of MDM expressed CD14+/CD16+ surface marker, < 5% CD3+ 

surface marker. 

Amplification of C2V3 region of HIV-1 env 

Once the infected MDM were harvested we extracted 

the genomic DNA inside these cell, and because the 

HIV-1 is retrovirus (which can integrate its genomic 

material into the host’s DNA), we were able to amplify 

this genome. Figure 3 shows the amplification of the 

HIV-1 env C2V3 region, a critical determinant of cell 

tropism in the HIV-1 virus. 

 

Figure 3: Agarose Gel (1.2%) showing amplification of 525bp fragments of HIV-1 

env C2V3 region obtained by nested PCR 

CD8+ Depletion 

In order to proceed to the second step in our 

investigation: determine the ability of MDM to release 

virions in vitro, we co-cultured them with healthy 

CD8+T depleted PBMC. Figure 4 shows a healthy 

PBMC sample that was CD8+ depleted. The cells 

were labeled with CD8+ and CD4+ monoclonal 

antibodies with their respective isotypes. Less than 

5% expressed CD8+ cell surface marker. This is 

important because it had been shown that the CD8+ 

mediated cytotoxic reaction in the presence of 

infection. This could affect the culture by decreasing 

the viral loads. 

 

Figure 4: Healthy PBMC CD8+ depleted cells were 

labeled with CD8+, CD3+ and CD14+ monoclonal 

antibodies with their respective isotypes. Less than 

5% expressed CD8+ cell surface marker. 

Infected MDM co-culture with healthy PBMC 

The results obtained from the co-culture between the 

infected MDM and the healthy MDM are shown in 

figure 5. In this graphic we can see different time 

points and the RNA viral copies detected in every 

culture (Patients 1-4). 

 

Figure 5: Graphic showing HIV-1 viral RNA copies determined by validated RT-

qPCR assay using gag primers Gag 6-F and Gag 84-R (Palmer et. al.). 
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Infected MDM Co-culture with Healthy MDM 

Figure 6 shows the viral copies detected in the 

infectivity assay. This confirms the results obtained 

in our previous experiment (figure 5), that MDM can 

release virions in vitro, however it seem that we 

obtained less RNA copies, suggesting that MDM 

need an stimulus from PBMC. 

 

 

Figure 6: Graphic showing HIV-1 viral RNA copies determined by validated RT-

qPCR assay using gag primers Gag 6-F and Gag 84-R (Palmer et. al.). 

Flow Cytometry 

Figure 7 shows the CD14 surface levels in infected 

monocytes, obtained from patients 5-8. By this 

method, we can rule out possible contamination with 

CD4+T cell population (labeled with CD3+ cell 

surface marker). 

 

Figure 7: Cells collected from supernatant labeled with a combination of cell 

surface marker monoclonal antibodies and their respective isotypes (CD3+, CD14+ 

and CD16+) 95% of MDM expressed CD14+/CD16+ surface marker, < 5% CD3+ 

surface marker. 

 

GFP Expression 

Figure 8, shows the CEM-GFP cells infected with 

supernatant from Patient 5. The red dots represent 

the uninfected cells and the green dots represent the 

infected cells. Over time, we can see that there is an 

increase in number of cell expressing GFP 

fluorescence. We also can noted that some cells 

appear to be bigger than the rest. This is probable 

due to the fusion of various cells (syncitial formation), 

which is characteristic of the HIV-1-R4-tropism virus. 

 

Figure 8: A: CEM-GFP/Control (GFP %: 1.40) B: CEM-GFP/SN Patient 5 24 hours 

(GFP %: 3.90) C: CEM-GFP/SN Patient 5 48 hours (GFP %: 6.40) D: CEM-GFP/SN 

Patient 5 72 hours (GFP %: 15.20) E: CEM-GFP/SN Patient 5 96 hours (GFP %: 

28.50) F: CEM-GFP/SN Patient 5 120 hours (GFP %: 25.70). 

Amplification of C2V3 Region of HIV-1 env 

In order to prove a positive infection and therefore 

confirm that MDM are capable to release replicate-

competent virions we amplified the C2V3 region of 

the HIV-1 env gene. Only Jurkat cells showed a 

positive infection (infected with supernatant from 

patient 7). It should also be noted that CEM-GFP 

infected with supernatant from patient 7 might also 

show a possible infection. Further studies need to be 

done to clarify this data. 

 

Figure 9: Agarose Gel (1.2%) showing amplification of 525bp fragments of HIV-1 

env C2V3 region obtained by nested PCR 
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DISCUSSION 
It have been over 30 years since HIV-1 was first 

reported (Barre-Sinoussi et al., 1983). Although 

significant advances have been made, no cure has 

been found. The combination of antiretroviral therapy 

decreases the viral copies in the body fluids; 

however, ultrasensitive assays can still detect viral 

loads (Palmer et al., 2000). Our lab and others have 

shown the importance of the reservoirs cells in the 

HIV-1 infection. Here we present some novel studies 

that help to establish the fact that MDM might serve 

as a reservoir in the late stage of HIV-1 in patients 

that have received cART for years.  

The techniques used to prove the identity of our cells 

and the purity in our cultures were highly effective. 

We confirmed by morphology of the cells and 

Wright’s staining that the HIV-1 infected monocytes 

were successfully differentiated into macrophages. 

Flow cytometry showed that 95% of the cells 

expressed the CD14+ cell-surface marker 

(expressed by monocytes) and less than 5% 

expressed CD3+ cell-surface marker, which is a cell 

surface marker express only by CD4+T cells (thought 

to be the classical reservoir). By this data we can 

ensure the purity in our cultures and confirm that the 

HIV virions were released from MDM and not by 

another cell. 

The C2V3 region of the HIV-1 env was successfully 

amplified for patients 1-4. In the agarose gel we can 

see a 525bp fragment obtained by nested PCR. We 

can see that all of the patients contained the 

expected fragment compared to the positive control 

(a plasmid DNA from a clone that contained the 

C2V3 region). In addition, the 525bp DNA fragment 

were cloned and sequenced.  The sequences 

obtained matched in a the viral DNA obtained by 

Reverse transcriptase PCR, this DNA was ~96% with 

the HIV-1 HXB2 sequence of Los Alamos National 

Laboratories HIV sequence database, homologous 

to the Database sequence (HBX) (data not shown). 

These data suggests that MDM can harbor proviral 

DNA. 

Moreover, the co-culture assay allowed us to 

determine the HIV-1 viral RNA copies released by 

the MDM from each patient. The validated RT-qPCR 

assay using specific primers for a HIV-1 gag region 

(Gag 6-F and Gag 84-R) showed that MDM can 

release virions in vitro, however the technique did not 

work equally well at all of the time points. This data 

was confirmed later by the RT-qPCR performed 

using the same MDM from the infected patients (1-4) 

in the infectivity assay. 

The final step in our experimental model was to prove 

that MDM can release replicate-competent virions in 

vitro, for this reason we did the infectivity assay. 

However, although we were able to determine viral 

RNA copies in the bottom part of the plate (where we 

put the healthy MDM) and detect the presence of 

viral proteins using the antibody anti-p24 in a 

Western blot, we were not able to differentiate 

whether or not these virions belonged to the cell-free 

virus in the supernatant or to virions released by the 

recently infected cells. The trans-well membrane was 

a 3.0μm pore size-membrane, it was small enough 

to avoid the direct contact between cells, but the virus 

still can cross this membrane without any 

complication. We tested viral competence. 

For this part of the experiment, we recruited four HIV-

1 positive patients (5-8) and we isolated their 

monocytes and differentiated into macrophages, as 

previously described. As in the previous 

experiments, we ensured the purity of our cultures. 

Once we obtained our MDM we performed a short 

infectivity assay of five days. We used the CEM-GFP 

reporter cell line, which emits fluorescence when 

become infected with the X4 HIV-1 strain. Only one 

of the patients’ MDM released virions capable to 

infect the CEM-GFP cells (patient 5), during the 

study this cells reached a level of 28% of GFP 

fluorescent. However, the rest of the patients 

displayed less than 5% of fluorescent. 

In addition, we isolated the genomic DNA and the 

viral DNA from the CEM-GFP cells and from the 
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control cell line (Jurkat E6-1-6). We amplified this 

DNA by nested. The data obtained revealed that only 

the Jurkat cells were successfully infected (contained 

the C2V3 HIV-1 env region). It can also be noted that 

CEM-GFP infected with supernatant from patient 7 

might also show a possible infection, however the 

band is not well-defined. This part of the investigation 

deserve further studies. The failure to prove positive 

infection can be due to several reasons, and not just 

that these virions are not replicate competent. These 

reasons are: (1) the multiplicity of infection (MOI) was 

not appropriate, (2) longevity of cells and culture 

procedures was not adequate, (3) the cell-tropism 

strain of the virions (if these virions were R5 and not 

X4 they will never be able to infect CEM-GFP cell), 

and (4) the fact that these cells were isolated from 

PBMC obtained from HIV-1 positive patients that 

have been under suppressive therapy for years, this 

could select for less competent virus .  

Our data supported our hypothesis. We 

demonstrated that MDM can harbor the proviral DNA 

and can effectively release it under the conditions of 

this study. However, more studies need to be done 

to prove that these virions are replicate competent. 

Our future directions include repeat the infectivity 

study and establish a non-invasive ex vivo model to 

study the HIV-1 features in HIV-1 infected patients 

under suppressive cART. 

 

CONCLUSIONS 
Our investigation demonstrated that MDM are 

capable of harboring proviral DNA for a long period 

of time and can release virions effectively. These are 

critical characteristics to function as a reservoir cell 

for the HIV-1 virus. However, we still need to prove 

that these virions released are replicate competent. 

Further studies need to increase the number of 

subjects in the study. We presented novel data, 

which are significant in the field since only a few 

studies have been conducted in patients under 

suppressive therapy. Elucidating whether MDM are 

a true reservoir could help us design better 

treatments that will help us to, ultimately, eradicate 

this pathogen. 
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ABSTRACT 
Chlamydia trachomatis is the leading cause of 

bacterial sexually transmitted diseases worldwide. 

Chlamydial genital infections are generally controlled 

by a Th1-driven immune response specifically 

mediated by IFN-γ producing CD4+ T cells. However, 

the role of B cells in Chlamydia pathogenesis is not 

well investigated. In this study, we assessed the role 

of the polymeric immunoglobulin receptor (pIgR) and 

its ligand IgA in the control of chlamydial genital 

infections using the female murine model. Four-six 

week old female mice C57BL/6, B cell-/-, IgA-/-, and 

pIgR-/-, strains of mice were infected intra-vaginally 

with 1x106 IFU of Chlamydia muridarum. C. 

muridarum shedding profiles were monitored. Forty-

six days post-infection mice were sacrificed, bacterial 

dissemination and C. muridarum burdens were 

assessed. Genital tracts were collected and gross 

pathology development was measured. Statistical 

significant differences was observed in bacterial 

shedding in pIgR-/- mice compared to other groups. 

We are currently evaluating histo-pathological 

differences in all groups of mice. Future directions 

will include evaluating differences in humoral 

responses in the sera and vaginal washes. 

 

BACKGROUND 
Chlamydia trachomatis is an obligate intracellular 

bacterium that infects epithelial cells in the 

endocervix of women and the urethra of men 

(Brunham et al., 2005; Morrison et. al, 2000). This 

Gram-negative bacterium have a dual life style. The 

infectious forms of C.trachomatis are known as 

elementary bodies, which, once inside the cells, 

differentiate into non-infectious reticulate bodies.  

The reticulate bodies undergo repeated replication 

after which they revert back in to the elementary  

 

bodies, infecting adjacent cells (Brunham et al., 

2005).  

It is estimated that 106 million new cases of sexually 

transmitted chlamydial disease occur yearly (WHO, 

2008). The major concern about this infection is its 

adverse effects on reproduction. When left 

untreated, infected individuals develop severe 

pathology, including Pelvic Inflammatory Disease 

(PID), ectopic pregnancy, acute or chronic pelvic 

pain and infertility (WHO, 2001). Another major 

concern about the infection with C. trachomatis is 

that people infected with this pathogen may be more 

susceptible to contract other sexually transmitted 

diseases (STDs). Chlamydia infection can facilitate 

the transmission of HIV (Plummer et al., 1991) and 

Neisseria gonorrhoeae (Miller. et al., 2004). It also 

might be a co-factor in human papilloma virus (HPV)-

induced cervical neoplasia (Anttila et al., 2001). For 

these reasons, the need for an anti-chlamydial 

vaccine is evident.  

Multiple studies have been conducted to elucidate 

the cellular and humoral immune responses involved 

to clear the infection and develop this vaccine (Li et 

al., 2011; Li et al., 2010; Li et al., 2007; Morrison et 

al., 2000; Pal et al., 2003). It have been shown that 

cell-mediated immune responses play a dominant 

role in the resolution of chlamydial genital tract 

infection. Chlamydial genital infections generally lead 

to a Th1 driven mediated by IFN-γ producing CD4+ 

T cells (Su, H., H. D. Caldwell, 1995; Morrison, R. P., 

H. D. Caldwell, 2002).  

However, the humoral responses involved in the 

Chlamydia pathogenesis are poorly understood. 

Among the few studies that have been conducted, 

Moore et al. have shown that B cells do not contribute 

in controlling genital infection in mice upon a primary 

infection. However, B cells have a role to play in 

protection upon a secondary infection in mice (Moore 

et al., 2002; Moore et al., 2003). 
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Moreover, IgA, an important immunoglobulin 

involved in providing protection at mucosal surfaces 

(neutralizing pathogens) (Beagley et. al., 1999; Woof 

et al., 2006) and polymeric Ig receptor (pIgR), an 

integral membrane protein responsible for mucosal 

transport of dimeric IgA (Cunningham et. al., 2008) 

have been implicated in the control of Chlamydia 

infections. In our lab, chlamydial pulmonary 

challenge in IgA-/- has shown to produce 

exaggerated inflammation in the lungs compared to 

C57Bl/6 mice. While, the role of pIgR in IgA delivery 

in male reproductive tract was shown to be important 

for protection against chlamydial infections 

(Cunningham et. al., 2008).  

In this study, we assessed the role of pIgR and its 

ligand IgA in the primary genital Chlamydial infection 

in the female murine model, which have not been 

evaluated yet. Specifically, we evaluated the 

difference in shedding of Chlamydia and pathology 

from IgA-/-, B cell-/- (µMT-/-) and pIgR-/- in comparison 

to C57BL/6 mice. We found significant difference in 

shedding on days 6, 21 and 27 post infection 

between all the groups of mice. We also significant 

differences in pathology associated with Chlamydia 

on day 46 post infection in all groups of mice. 

Currently, we are evaluating the differences in 

immune response and histo-pathology associated 

with Chlamydia in the knock-out in comparison to 

C57BL/6 mice.  

Our hypothesis is that the pIgR may play a role in 

controlling chlamydial infections and/or pathology in 

the genital tract. In this study we were able to 

characterize the differences in the infection course 

and the pathology. The results obtained from these 

studies serve as preliminary data for future studies 

which will also help us better understand the disease 

and design an effective vaccine against Chlamydia. 

METHODOLOGY 

Bacteria 

C. muridarum was grown on confluent HeLa cell 

monolayers and purified. Briefly, infected HeLa cells 

were lysed using glass beads. Chlamydial 

elementary bodies (EBs) were harvested and 

purified on renograffin gradients. Titered aliquots of 

bacteria were stored at -80°C in sucrose-phosphate-

glutamine buffer until used. 

Mice 

Four to six week old female C57BL6 (WT), IgA 

deficient (IgA-/-), B cell deficient (B cell-/-) and pIgR 

deficient (pIgR-/-) mice were purchased from Jackson 

Laboratory (Bar Harbor, ME, USA). Mice were 

housed and bred at the University of Texas at San 

Antonio. 

Intravaginal Infection 

To render mice anestrous and more receptive to 

genital infection, mice were injected subcutaneous 

with 2.5 mg Depoprovera (medroxy-progesterone 

acetate; Pharmacia & Upjohn Co., New York, NY, 

USA) on day 5 prior to infection. Mice were 

inoculated intra-vaginally with 1x106 C. muridarum 

inclusion forming units (IFU).  

Bacterial shedding  

Bacterial shedding was monitored using vaginal 

swabs on indicated days post C. muridarum 

challenge and subsequently plated on HeLa cell 

monolayers grown on coverslips.  

Immunofluorescence staining & microscopy 

Chlamydial inclusions were detected using an anti-

Chlamydia genus-specific murine monoclonal 

primary antibody and goat anti-mouse IgG and 

secondary antibody conjugated to FITC plus Hoescht 

nuclear stain. The average number of inclusions in 

five random microscopic fields was calculated for 

each animal for the indicated time points.  

Pathology Assessment 

Forty-six days post-infection genital tracts were 

removed, placed next to a standard metric ruler, and 

photographed, gross oviduct and uterine horn 

diameter was measured for each animal, and the 

results were reported individually and as mean ± 

standard error of the mean (SEM) in a group. 
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Statistical analyses 

GraphPad Prism 6 (La Jolla, CA, USA) was used to 

perform all tests of significance. One-way ANOVA 

(analysis of variance) was performed between 

multiple groups. Differences between groups were 

considered statistically significant if p values were 

<0.05.  

 

RESULTS 
Bacterial shedding  

After intravaginal infection with C. muridarum, swabs 

were collected from each mouse for thirty-six days. 

The collected swab materials were used to infect 

HeLa cell monolayers grown in 24 well tissue culture 

treated plates. Figure 1 shows the average number 

of chlamydial IFUs in each group of mice. From these 

preliminary studies, we found that all groups of mice 

were actively infected and shed higher chlamydial 

IFUs on days 3 to 15. The mice gradually decreased 

chlamydial shedding from day 18 to 21 and 

eventually cleared infection by 30 or 33. We 

statistical significance in chlamydial shedding 

between all groups of mice on days 6, 21 and 27 and 

specifically between pIgR-/- and other groups. These 

initial results are suggestive of a probable role for 

pIgR in the control of chlamydial infections in mice. 

 

Figure 1: Chlamydial IFUs recovered from vaginal swabs every three days after 

intravaginal challenge with 1x106 IFUs of C. muridarum. Each bar represents the 

mean from each animal group. Statistically significant differences were found by 

One-way ANOVA using Graphpad prism, (*) p<0.05, (**) p<0.005, (***) p<0.0005 

and (****) p<0.0001. 

 

Pathology Assessment 

Genital tracts were removed in order to evaluate the 

pathology that might be developed during Chlamydia 

infection. Figures 2 and 3 show the mean numbers 

of pathology developed between each groups and 

figure 4 show the genital tracts from different mice as 

a representative picture from each strain and the 

percentage of mice that developed pathology 

associated with Chlamydia. 

 

Figure 2: Dilation of Uterine horns on day forty-six post intravaginal infection with 

C. muridarum. Each bar represents the mean from each animal group. Statistically 

significant differences were found by One-way ANOVA analysis using Graphpad 

prism, (*) p<0.05, (**) p<0.005, (***) p<0.0005 and (****) p<0.0001. 

 

 

 

Figure 3: Dilation of oviducts on day forty-six post intravaginal infection with C. 

muridarum. Each bar represents the mean from each animal group. Statistically 

significant differences were found by One-way ANOVA analysis using Graphpad 

prism, (*) p<0.05, (**) p<0.005, (***) p<0.0005 and (****) p<0.0001. 
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Figure 4: A: Representative pictures of oviduct and uterine horns showing 

hydrosalphinx during Chlamydia infection. B: Percentage of mice showing bilateral 

and unilateral pathology. 

DISCUSSION 
C. trachomatis continues to be the leading sexually 

transmitted diseases worldwide (WHO, 2008). 

Despite the availability of antibiotics to treat this 

infection, its adverse effects on reproduction and the 

risk of facilitate the co-infection with another STD, is 

a major concern to the scientific community 

(Plummer et al., 1991; Miller et al., 2004). Several 

studies have been conducted in our lab (Li et al., 

2011; Li et al., 2010; Li et al., 2007) and others 

(Morrison et al., 2000; Pal et al., 2003) to understand 

the immune response in the Chlamydia infection to 

design an effective anti-Chlamydial vaccine. These 

studies have successfully characterized the cell-

mediated immune responses against Chlamydia (Su, 

H., H. D. Caldwell, 1995). Multiples studies have 

demonstrated the importance of the CD4+ T cells 

and IFN- γ in the resolution of the Chlamydia 

infection and controlling the development of 

pathology in the genital tract (Su, H., H. D. Caldwell, 

1995). However, few studies have been conducted 

to understand the pIgR component involved in the 

humoral responses against this pathogen 

(Cunningham et. al., 2008). In this study, we 

assessed the role for pIgR in the control of 

Chlamydia infection and pathology development. 

Upon infection with C. muridarum, these mice exhibit 

an expected shedding profile for not vaccinated 

animals. The infection showed high IFUs present on 

day 3 and 6, and then gradually decreased on day 

21 for all groups of mice. The infection was resolved 

by day 33 (forth week) in all mice as expected for the 

murine model (Brunham R.C. et al., 2005). The one-

way ANOVA analysis was performed and we 

observed significant differences on day 6, 21 and 27 

post-infection in the Chlamydia shedding profiles 

(figure 1). Statistical significant differences were 

found in the pathology developed in the genital tracts 

of the different groups. We found that some mice per 

each group developed hydrosalphinx, which occur 

when the fallopian tubes are distally blocked due to 

the accumulation of serum or fluid (neutrophils, 

macrophages and lymphocytes). This condition is 

often bilateral and may lead to infertility. The One-

way ANOVA analysis showed significant differences 

between the different groups, which might indicate 

the role of pIgR in the development of pathology in 

the uterine horns (figure 2). However, although no 

significant differences were found in the 

development of pathology in oviducts for this group 

(pIgR-/-) it can be noted that 100% of this group 

developed hydrosalphinx (figure 4), while IgA-/- and B 

cell-/- mice barely developed hydrosalphinx, 

suggesting that pIgR have an important role in the 

control of pathology development, whereas the 

others do not. 

The preliminary results from this pilot study show that 

pIgR might exert a role in the control against 

Chlamydia, while B cells and IgA might have a limited 

role in the control of the infection. Probably, due to 

the fact that this bacterium is an intracellular 

pathogen and have multiple ways to escape from 

antibodies detection, the role of B cells and IgA might 

be limited to the early stage of the infection.  

More studies need to be done in order to have a 

complete understanding of the humoral responses in 

Chlamydia pathogenesis. Our future directions 

include the assessment of histological differences in 

pathology associated with Chlamydia and the 

characterization of the humoral responses of knock-

out models in comparison to C57Bl/6 using serum 

and vaginal washes that were previously collected. 

In addition, we can evaluate the role of the pIgR and 

its ligand, IgA, in a secondary infection with 

Chlamydia. Beside the aforementioned, we will 

repeat this study with a greater group size to 

corroborate our results. This study and further 

experiments might help us in the understanding the 

pathogenesis of Chlamydia and in the design of an 

anti-chlamydial vaccine.  

 

CONCLUSIONS 
From these preliminary studies we found several 

statistical significant differences between pIgR and 
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other groups of mice in chlamydial shedding and 

pathology. These initial results may serve as a 

platform to investigate the role of pIgR and its ligand 

IgA further in controlling chlamydial infections. 

Currently, we are evaluating the role of humoral and 

cellular responses in the pIgR-/-, Bcell-/, IgA-/- and 

C57BL/6 mice in controlling primary genital 

chlamydial infections in mice.  
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ABSTRACT 
Hypertension (HTN), or high blood pressure, is a 
disease that affects 1 in 3 adults worldwide. Genetic, 
environmental, and lifestyle factors influence an 
individual’s risk of becoming afflicted with HTN. 
Previous work in human populations has identified 
genetic variants in the promoter region of the 
neuropeptide Y receptor 2 (NPY2R) associated with 
hypertension. We hypothesized that a single-
nucleotide polymorphism (SNP) in the promoter 
region of the NPY2R at -224 A>G and -599 C>T will 
affect the expression levels of this gene. To examine 
this hypothesis, DNA sequences from 16 individuals 
were amplified to produce two fragments of 1025bp 
(R3) and 349bp (R4) of the regions of interest in 
NPY2R. These fragments were inserted into the 
luciferase reporter system vectors (pGL4.10 and 
pGL4.23, respectively) and transfected into the HEK 
293 cells. The expression levels of the luciferase 
reporter gene were measured and compared for the 
different constructs. Our data provided strong 
evidence that both alleles (-224 A>G and -599 C>T) 
can regulate the level of expression of the promoter 
in NPY2R. However, the insert containing both SNPs 
(-599 and -224) appears to induce a high level of 
expression in gene regulation. This may be due to 
the combination of the two SNPs and the influence 
of the promoter region belonging to NPY2R.  

 

BACKGROUND 
The investigation is focused on the genetic variants 

of essential hypertension (HTN), which is defined as 

a chronic medical condition in which the blood 

pressure in the arteries is elevated 

(140mmHg/90mmHg) (Zanchetti, Chalmers et al., 

1993). HTN represents a major risk factor for several 

diseases, including heart attack, stroke, aneurysm, 

kidney disease, and arteriosclerosis, and in some 

cases it had been associated with a decrease of life 

expectancy in those patients who suffer from it 

(Tanira et al., 2005). This disease lack of symptoms 

and affects 1 in 3 adults worldwide. The exact cause 

of HTN remains unknown, but it has been proved that 

HTN is a multifactorial disease in which lifestyle 

(smoke, high salt intake and lack of exercise) and 

genetic factors influence the risk of an individual’s 

suffering from it (Ward et al., 1995).  

Previous work in both animal models and human 

populations has identified genetic variants 

associated with hypertension. For example, certain 

genes in chromosome 2 of rats have been identified 

as being involved in the regulation of blood pressure. 

These genes are homologous to human 

chromosomes 3 and 4, in which chromosomes 10 

putative genes have been identified, including the 

neuropeptide Y receptor 2 in chromosome 4 (4q31). 

This gene encodes protein NY2R, which acts similar 

to a hormone and is involved in behavioral 

processes, such as appetite, circadian rhythm, and 

anxiety (Grudemar et al., 1994). In addition, this gene 

had been associated with hypertension. 

In Dr. Julie Dutil’s lab, they have been studying a 

polymorphism in the -224 position upstream of 

NPY2R, and it has been shown that the gene is 

100% expressed when we have the adenine base 

(A), the ancestral allele, instead of the guanine base 

(G) in that same position (a decrease of 44% in gene 

expression). Later in this laboratory, they identified 

another polymorphism in the -599 (timine to cytosine, 

where timine is the ancestral allele) upstream region 

of the NPY2R gene.  

This raises some questions, including whether this 

polymorphism has any effect on the expression 

levels of the gene in question (NPY2R) and whether 

the combination of both polymorphisms will have any 

effect on gene expression. With these questions in 

mind, we hypothesized that both single nucleotide 

polymorphisms (SNP) located upstream of the 

NPY2R promoter (at -224 A>G and -599 C>T) will 

affect the expression levels of the luciferase gene.  

 
METHODOLOGY http://prise.uprp.edu  2011-13 UPR-PRISE Scientific Magazine. Copyright 2015. 94



 

 
Functional role of the single nucleotide polymorphism located at  -224 a>g and -599 c>t in 

the neuropeptide receptor y2 (npy2r) gene in predisposition to hypertension 
By Shirley Jusino¹, Nelly A. Arroyo, M.S.², Elinette Albino, Ph.D. candidate², Julie Dutil, Ph.D. (P.I.)² 

 

In order to test our hypothesis, we recruited 16 
individuals as a representative sample of the Puerto 
Rican population. We extracted DNA from the 
individuals using the QIAGEN DNA mini-prep kit. 
Then we sequenced the DNA and amplified it using 
the primers NPY2RF7 and NPY2RR3 to obtain a 
1025bp DNA fragment. In addition, we used the 
primers NPY2RF7 and NPY2RR4 to obtain a 349bp 
DNA fragment. All of the primers used were designed 
by Dr. J. Dutil. 
 
Once we had amplified the fragments, we cloned the 
1025bp DNA fragment (R3) in reporter vector 
pGL4.10, and we cloned the 349bp fragment (R4) in 
reporter vector pGL4.23 using the enzymes XhoI and 
HindIII. The clones made were transformed in E. coli 
Top 10 cells. The clones obtained were verified by 
colony PCR and enzyme digestion using the 
enzymes XhoI and BamHI. 

 
With the clones made, we performed a maxiprep 
using the Endofree Plasmid Kit from QIAGEN 
(200mL). The resulting DNA was transfected into the 
Hek293 cells. After this we performed a luciferase 
assay in order to analyze the influence of both 
polymorphisms on gene activity. We analyzed the 
data obtained by statistical analysis  using the Systaq 
program. 

Note: 
-The cells were incubated at 37°C. 
-The kit used to extract DNA was used following the 
exact instructions of the manufacturer.  

 

RESULTS 
After sequencing the individual DNA, we found that 
all of the 16 individuals contained variant A at the -
224 position and variant T at the -599 position, both 
of which are ancestral alleles. The rest of the results 
are summarized in Figures 1 through 3. 

 

 

 

 

 

PCR amplification of fragments R3 (1025bp) and 

R4 (349bp) 

  

 
                                                                                                                                                                                                                                                                                                                                                                                                      

 
 
Fig. 1, Left: PCR amplification using primers NPY2RF7-NPY2RR3 to obtain a 

1025bp DNA fragment and primers NPY2RF7-NPY2RR4 to obtain a 349bp 

fragment. Right: Gene map showing the region amplified by the primers and 

the polymorphisms that are included in each fragment. 

Once we had amplified our fragments, we cloned 

them (R3 and R4) in pGL4.10 and pGL4.23, 

respectively. 

Restriction enzyme digestion to verify clones 

pGL 4.10-R3 and pGL4.23-R4

 

Fig. 2: Above can be seen the fragments obtained after performing enzyme 

digestion to verify the clones made. Below we can see the sizes of the 

expected fragments. We obtained the expected fragments according to the 

map. 
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Once we confirmed that the clones that we made 

were correct, we extracted the DNA from the 

transformant (maxiprep) and transfected the Hek293 

cells (human embryonic kidney cells). After this we 

performed a luciferase assay (refer to Figure 3 to see 

results). 

Luciferase assay of clones pGL4.10-R3 and 

pGL4.23-R4 

 

Fig. 3: Above we can see the results of the luciferase assay. The graphic 

shows that the pGL4.10-1025bp is expressed almost 7 times more than is 

pGL4.10 alone. Also we can see that pGL4.23-349bp is expressed almost 4 

times more than is pGL4.23 alone. 

DISCUSSION 
After sequencing the individuals’ DNA we found that 
all of them have the variant A at the -224 position and 
T at the -599 position; that is, all of them have both 
ancestral alleles. This finding was consistent with the 
prevalence percentage. After this we designed the 
specific primers to amplify the desired regions. 
Figure 1 shows the gel containing the amplified 
fragments. As can be observed, two bands appear in 
this gel. One is of 1025bp, and if we refer to Figure 
1B, we can see that this is the fragment that should—
and does—include both polymorphisms and part of 
the promoter region of NPY2R. The second fragment 
is ~349bp, and if we can refer again to Figure 1B, we 
can see that this fragment includes only the 
polymorphism at -599.  
 
Once we obtained these fragments, we cloned them 
in 2 different reporter vectors. We cloned the 1025bp 
fragment in pGL4.10, which is a luciferase reporter 
vector. This vector doesn’t need a minimal promoter 
to express gene activity, because the fragment 
contains the promoter of the gene. However, the 
349bp fragment doesn’t include the promoter’s 
region; it includes only the polymorphism. For this 
reason we cloned this fragment in the pGL4.23 
vector, which includes a minimal promoter. In order 

to verify that the clones that we obtained had the 
correct fragment, we performed colony PCR using 
the designed primers. Also we performed an enzyme 
digestion to verify our fragment.  
 
In Figure 2 we can see the gel that show the bands 
obtained after the enzyme digestion. In order to 
understand what these bands mean, we have to the 
map show in the bottom of this figure, which is a 
representative model of what we should obtain. 
When we performed the digestion, we were clearly 
able to see that the results were those that we 
expected because when we cut the 1025bp fragment 
with the enzyme BamHI, it produced 2 fragments of 
similar size, which is why the gel appears as one 
thick band. Nevertheless, when we amplified the 
picture we could see the two fragments better. The 
illustration at Figure1B represents the clone made 
from pGL4.23-349bp, and as can be seen, when we 
performed a double enzyme digestion (using the 
enzymes XhoI and BamHI), the 2 expected 
fragments were obtained. 
 
Once we had confirmed that our clones contained 
the appropriate fragments, we performed a DNA 
maxiprep, and we used this DNA to perform a 
transfection using the cells. In the graphic shown in 
Figure 3, we can see a comparison of the 2 clones 
with the respective vectors alone. We can see that 
the clone containing the 2 polymorphisms is 
expressed almost 7-fold higher than is the pGL4.10 
vector alone. While the clone that contains only the -
599 polymorphism is expressed almost 4-fold higher 
than is the pGL4.23 vector alone. From this we can 
conclude that both polymorphisms influence gene 
expression; however, we cannot directly compare 
the 2 clones with each other because the vectors 
used are not exactly the same; as can be seen, one 
of the vectors contains a minimal promoter, while the 
other does not. 
 
The main conclusion about our investigation is that 
the luciferase assay provided strong evidence that 
both alleles (-224 A>G and -599 C>T) can influence 
the level of NPY2R gene expression in HEK293 
cells. We can observe that the -599 polymorphism, 
although being relatively far from the promoter’s 
region, exerts significant influence on gene 
expression. 

In summary our hypothesis was accepted, as we saw 
both polymorphisms exert influence on gene 
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combination of both polymorphisms exerts a major 
influence on NPY2R expression. 

Future directions include the following activity: 
sequencing more individuals to obtain the rest of the 
polymorphism. Once we obtain DNA sequences 
containing all of the variants, we will clone them in 
the expression vectors, and we will perform the 
luciferase assay in order to compare all of the 
polymorphisms with each other. In addition, we want 
to evaluate the role of CTCF as a transcriptional 
factor because preliminary data in Dr. Dutil’s lab 
show that a DNA-protein interaction in the region that 
we are studying might exist, and this transcriptional 
factor is a strong candidate because it has been 
linked to transcriptional regulation, insulation activity, 
and the regulation of chromatin architecture. 

CONCLUSIONS 
As I mentioned above, our hypothesis was accepted; 
we saw that both polymorphisms exert influence on 
NPY2R gene expression. Moreover, we can infer 
that the combination of both polymorphisms exerts a 
major influence on gene expression. In order to have 
a complete understanding of how these 
polymorphisms affect HTN risk, we need to analyze 
the remaining SNP combinations and compare all of 
them in the same luciferase assay. 
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ABSTRACT 
Hemolytic diseases and infections can lead to 
intravascular hemolysis, which is the rupture of red 
blood cells. During this process hemoglobin (Hb) is 
released from erythrocytes into the blood flow. This 
“cell free Hb” over time can become toxic, exerting 
oxidative damage, nitric oxide (NO) scavenging, or 
inflammatory responses within the vasculature. The 
exposure of Hb on the lungs tissue can lead to 
pulmonary hypertension, which is high blood 
pressure in the pulmonary arteries due to 
inflammation and changes in the walls of the arteries. 
We hypothesized that haptoglobin (Hp) can 
attenuate pulmonary hypertension secondarily to 
vascular hemoglobin exposure. To test our 
hypothesis, Hb was chronically administered to rats 
at physiologically relevant concentrations as 
observed in the sickle cell disease (SCD) (0.2 
μmole/day) for 5 weeks. To further mimic the SCD 
process, rats were placed in hypobaric hypoxic 
chambers (~17,000 ft).  Animals were divided into 4 
groups; (1) Control (sham), (2) Hb infusion, (3) Hp 
injections (biweekly), and (4) Hb: Hp (chronically 
infused with Hb treated biweekly with Hp). At the end 
of the 5 weeks, we evaluated pulmonary blood 
pressure, cardiac output, and pulmonary vascular 
wall thickness. Additionally, lung analysis for 
indicators of endothelial nitric oxide synthase (eNOS) 
and intercellular adhesion molecule 1 (ICAM-1) 
expression were performed. Preliminary data 
demonstrates that groups infused with haptoglobin 
had lower pulmonary blood pressure, decreased 
vessel wall thickness, and decreased ICAM-1 
expression. We observed no difference in eNOS 
expression between groups. This suggests that Hb 
induced inflammation may be attenuated by Hp. 

 

BACKGROUND 
Hemoglobin (Hb) is an oxygen-transport protein. In 
the lungs, hemoglobin becomes saturated with 
oxygen such that 98% of the oxygen-binding sites 
are occupied. Its capacity to bind oxygen depends on  

 

 

the presence of a bound prosthetic group called 
heme.  

The heme group is responsible for the red color in 
blood; it also consists of an organic component and 
a central iron atom, which in normal conditions is in 
the ferrous (Fe2+) oxidation state (Kkinoshita A., 
2012). Hb consists of 4 sub-units: 2 α and 2 β 
subunits. Both subunits are homologous that have 
similar tridimensional structures.  

Hemoglobin is released into the extracellular space 
during intravascular hemolysis, which is a rupture of 
red blood cells, or by tissue injury. Many biological 
factors can cause hemolysis including infections or 
inherited hemolytic diseases, such as paroxysmal 
nocturnal hemoglobunaria or sickle cell anemia 
(French T.W., et al., 2011). Hemolytic anemia 
syndromes, including Sickle Cell Disease (SCD) and 
Thalassemias are associated with endothelial cell 
dysfunction and proliferative changes in the intima 
and in the media of blood vessels (Buehler P.W., et 
al., 2012). Also buildup of released Hb can become 
toxic to vasculature through oxidative damage, nitric 
oxide (NO) scavenging, or inflammatory responses 
that has been attributed to oxidative processes 
driven by the heme group (Buehler, P.W., et al, 
2009). 

SCD and Thalassemia are genetic disorders caused 
by mutations in the genes that encode for 
hemoglobin. SCD occurs when a single point 
mutation results in the substitution of valine for 
glutamic acid at the sixth position of β-chain of the 
hemoglobin molecule. It is the most common 
inherited blood disorder in United States and affects 
70,000 to 80,000 Americans; 1 in 500 African-
Americans and 1 in 1,000 to 1,400 Hispano-
Americans (US National Library of Medicine, 2012). 

On the other hand, Thalassemia is the most common 
inherited single-gene disorder in the World with the 
highest prevalence in areas where malaria was or 
still is endemic (NIH Heart, Lung and Blood Institute, 
2012). Both SCD and Thalassemia are characterized 
by a low present of red blood cells and high levels of 
plasma cell free Hb. Over time the overabundance of 
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plasma Hb may contribute to pulmonary 
hypertension, which is a particularly serious 
complication.  

Pulmonary hypertension (PH) is high blood pressure 
that occurs in the arteries of the lungs. High 
pulmonary blood pressure increases the work load of 
the heart to pump blood through arteries to the lungs 
in order for the blood to be oxygenated. Two 
measurements are used to describe blood pressure: 
systolic and diastolic pressures. The systolic 
pressure is the force that the blood exerts against the 
artery walls as the heart contracts to pump out the 
blood (this is the first and higher number). The 
diastolic pressure is the measurement of force as the 
heart relaxes to allow the blood to flow into the heart. 
The difference between the systolic and diastolic 
numbers is used to determine the pulse pressure. 
The pulse pressure can indicate stiffness in the 
blood-vessel walls. A multitude of factors are under 
investigation as the cause of PH. Under inflammatory 
conditions, vascular endothelial cells become 
activated, promoting vasoconstriction and 
thrombosis as well as leukocyte chemotaxis, 
adhesion, and transmigration (Silva, G., et al., 2009). 
An increase in wall thickness resulting in hypertrophy 
and hyperplasia of vascular smooth muscle an 
increase in connective tissue and abnormal 
extension of smooth muscle into peripheral 
pulmonary vessels, where muscularization is not 
normally present. PH eventually causes right heart 
hypertrophy and failure. In the general population, 
pulmonary arterial hypertension (PAH) is a rare 
disease affecting, 2.4 - 7.6 people per million each 
year. The SCD population experiences PAH at an 
incidence several thousand folds greater than the 
general population (2% PH and 6% for PAH) 
(Buehler, P.W., et al, 2009, Lourenao A.P., et al., 
2011). To date the underlying causal factors in 
patients developing PAH in hemolytic disease 
syndromes such as SCD remain unclear.  

Haptoglobin (Hp) is an acute phase protein (APP) 
that is synthesized in the liver and is essential in the 
reestablishment of systemic homeostasis in 
response to infection (Theilgaard-Monch, K., et al., 
2006). Circulating haptoglobin provides an 
endogenous defense against the toxic effects of cell 
free hemoglobin by binding and recycling free 
hemoglobin via the macrophage CD-163 receptor 
pathway (Kapralov, A., et al., 2009). The CD-163 
scavenger receptor is exclusively expressed in 

monocytes and macrophages. Haptoglobin may also 
protect tissues from free hemoglobin-mediated 
oxidative damage.  

We have hypothesized that haptoglobin attenuates 
pulmonary hypertension secondarily to vascular 
hemoglobin exposure. To test our hypothesis, Hb 
was chronically administered to rats at SCD clinically 
relevant levels (0.2 μmole/day) for 5 weeks. To 
further mimic the SCD process, rats were placed in 
hypobaric hypoxic chambers (~17,000 ft). Animals 
were divided into 4 groups; (1) Control (sham), (2) 
Hb infusion, (3) Hp injections (biweekly), and (4) Hb: 
Hp (chronically infused with Hb treated biweekly with 
Hp). At the end of the 5 weeks we evaluated 
pulmonary blood pressure, cardiac output, and 
pulmonary vascular wall thickness. Additionally, lung 
analysis for indicators of endothelial nitric oxide 
synthase (eNOS) and intercellular adhesion 
molecule-1(ICAM-1) expression were performed. 

 
METHODOLOGY 
Animals 

Male Sprague-Dawley rats were obtained from a 
commercial vendor (Charles River, Wilmington, MA). 
All experimental protocols were reviewed and 
approved by the Institutional Animal Care and Use 
Committee at University of Colorado Denver 
Anschutz Medical Campus. 

Hemoglobin 

Provided as a gift from Paul Buehler, Center for 
Biologics Evaluation and Research, US FDA, 
Bethesda, Maryland, USA.  

Micro pump placement 

Micro-programmable pumps (Iprecio, Tokyo, Japan) 
were placed subcutaneously according to the 
manufacture’s protocol. Briefly, animals were 
anesthetized with ketamine: xylazine (75 mg/kg: 6 
mg/kg, I.P.). Under aseptic conditions, a 1 cm 
incision was made just lateral to the dorsal midline 
and an Iprecio pump was placed subcutaneously. 
The catheter connected to the Iprecio pump was 
tunneled sub-dermally and inserted into the left 
jugular vein. Iprecio pumps were programmed to 
deliver Hb or saline at an infusion rate of 6 μL per 
hour. Pumps were refilled with fresh aliquots of Hb 
every 3 days. Prior to refilling, residual Hb in the 
pumps reservoir was removed and the oxidative 
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states of residual Hb were determined by UV-Visible 
spectrophotometer. Spectral analysis of pump 
residual Hb demonstrated insignificant intra pump 
auto-oxidation prior to refill compared to Hb starting 
material. Pump residual Hb composition over the 

course of the study was 84.3 6.0% ferrous, 11.2

7.3% ferric and 6.6 6.2% hemichrome.  

All animals survived the surgical procedure and 
subcutaneous implantation of the Iprecio pumps. 
None of the rats exhibited any signs or symptoms 
indicative of systemic infection. Following surgery, 
wounds healed within 10 days. 

Experimental Design 

All animals were exposed to chronic hypoxia and 
subdivided into one of four groups: (1) saline 

infused/vehicle control; (2) Hb infused 2.0 mole (35 

mg/day (250 g • 6 μL-1•hr-1)); (3) Haptoglobin 
(300mg/kg/week; I.V.) (4) Hb supplemented with 
intravenous injections of haptoglobin 
(300mg/kg/week; I.V.). Animals were sacrificed after 
5 weeks of hemoglobin infusion. Vehicle control 
animals were sacrificed at the same time point. 
There were eight (n=8) animals in each study group. 

Hypoxic exposure 

Animals were exposed to a simulated high altitude 
(5,500 m; 18,000 ft; Pb= 380 mm Hg) in a specially 
designed rodent hypobaric chamber facility as 
previously described (Irwin, D.C., et al., 2009). 
Animals exposed to the conditions experience 10% 
O2.  

Hemodynamics and blood collection  

After 5 weeks, rats were anesthetized with a mixture 
of ketamine: xylazine (75 mg/kg: 6 mg/kg, I.P.) and 
the left carotid artery was cannulated with a PE-50 
(0.58 mm ID; Becton Dickinson, Franklin Lakes, NJ) 
catheter. A PV-1 (0.28 mm ID, Becton Dickinson) 
catheter with a shallow bend at its tip was inserted 
into the right ventricle via the right jugular vein and 
guided into the main pulmonary artery. Next, a PE-
50 (0.58 mm ID, Becton Dickinson) catheter was 
placed in the superior vena cava via the right jugular 
vein to obtain cardiac output values. Cardiac output 
was measured by infusion of Cardiogreen (Sigma 
Aldrich, St. Louis, MO) dye and a specially designed 
densitometer and software (Deterministic systems, 
Boulder, CO) to detect and calculate cardiac output 
from the dye dilution. Cardiac output was normalized 

to body weight and reported as cardiac index (CI). 
After hemodynamic measurements animals were ex-
sanguinated via the carotid catheter, blood was 
placed in chilled heparinized vacuum tubes and 
centrifuged.  

Organ collection and fixation  

The aorta was severed and the lungs were perfused 
free of blood with PBS (5 mL) via the right ventricle 
to remove blood. The left lungs were tied off at the 
left main bronchus, removed, and snap frozen. The 
right lung was fixed with 10% buffered formalin (~3 
mL) by airway inflation under constant pressure at 25 
cm H2O pressure. After which, the heart and lungs 
were removed en bloc. The right ventricle (RV) and 
left ventricle + septum (LV+S) were weighed for 
assessment of right ventricular hypertrophy 
(RV/LV+S).  After 18 hours the lungs were removed 
from 10% formalin, placed in 70% ethanol, and 
prepared by standard methods for morphometric and 
immunostaining analyses.  

Morphology and immunostaining microscopy 

Five-micron sections of formalin–fixed, paraffin-
embedded lung tissue were stained with hematoxylin 
and eosin by standard procedures at the University 
of Colorado Histology Core to assess the 
accumulation of macrophages and neutrophils as 
well as vessel wall thickness. Proximal vessels 
(outside diameter 50-250 μ) were analyzed for 
medial wall thickness at four points around the vessel 
circumference and for lumen diameter along two 
axes. Wall thickness is expressed as the ratio of 
medial wall thickness to lumen radius.  

Protein analysis 

eNOS and ICAM-1 protein concentrations were 
determined from total lung protein content by 
standard western blot technique (Figure 5A). Briefly, 

analysis was performed using 20 g sample protein 
run under denaturing and reducing conditions on 
NuPAGE bis-tris 4-12% gels with an Xcell II blot 
system (Invitrogen, Carlsbad, CA). Gels were 
imaged on an Alpha Innotech gel documentation 
system (ProteinSimple, Santa Clara, CA) and 
densitometric analyses were performed using 
ImageJ software (version 1.44o, National Institutes 
of Health, USA). 
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Statistical analyses 

For all groups, mean  S.E.M was reported. If data 
sets where complete statistical comparisons 
between groups were analyzed with a multi-factorial 
(treatment, dose) analysis of variance (ANOVA). 
Statistical analyses were performed using JMP 
(Version 5) statistical software package (SAS; Cary, 

North Carolina) with statistical significance set at p  
0.05. For incomplete (i.e not yet finished and small 

n’s) we represent raw data as mean  S.E.M. 

 

RESULTS 
Hemodynamics and blood collection 

Right ventricular hypertrophy 

The Right Ventricle/ Left Ventricle + Septum ratio 
was determined as an indication for the right ventricle 
hypertrophy and an index of high pulmonary blood 
pressure. Our data showed that the Hb infused 
animals had the highest ratio, confirming Hb 
contributes to pulmonary hypertension (Fig. 1). 

Pa pressure 

The mean pulmonary arterial pressure was measure 
to assess the blood pressure found in the pulmonary 
artery as an index of pulmonary hypertension. The 
group chronically infused with Hb had the higher Pa 
pressure (Fig. 2). 

 

Pulmonary artery pulse pressure 

To measure the Pa pulse pressure, the difference 
between the systolic and diastolic pressures are 
calculated and then reported as a value. This value 
indicates the stiffness in the blood-vessels walls. 
Pressure was highest in Hb-infused group (Fig. 3). 

Morphology and Immunostaining analysis 

Medial thickening:  

Four points of the blood vessel where measure to 
determine an average to assesses the medial 
thickening as an implication of inflammation. The 
highest was in Hb-infused group vs. Haptoglobin and 
Hb: Hp group (Fig. 4). 

Protein analysis: 

Endothelial Nitric Oxide Synthase (eNOS) 
expression 

By densitometry analysis with ImageJ software 
(version 1.44o, National Institutes of Health, USA) 
we found that eNOS expression was not significantly 
different between the haptoglobin vs. the hemoglobin 
infused only groups (Fig. 5 B).  

Intercellular Cell Adhesion Molecule (I-CAM) 
expression 

Densitometry analysis with ImageJ software (version 
1.44o, National Institute of Health, USA) revealed 
that I-CAM expression was increased only in the Hb-
infused groups.  (Fig.5 C)   

 
DISCUSSION 
In the present study we induced pulmonary 
hypertension by chronically infusing hemoglobin at 
concentrations clinically relevant to sickle cell 
disease for 5 weeks. From previous studies in this 
lab, we have determined that cell free hemoglobin 
with an additional environmental stressor of chronic 
hypoxia (10% O2) gives the best model for pulmonary 
hypertension secondary to hemolytic diseases. This 
current study was to determine the efficiency of 
haptoglobin as a treatment for PAH. 

Hemodynamics and blood collection 

Right ventricular hypertrophy 

Right ventricle hypertrophy may be beneficial in 
some disease processes but is also an indication of 
high blood pressure or other diseases; when the right 
ventricle contracts, it pushes the deoxygenated 
blood through the pulmonary arteries into the lungs. 
In conditions such as pulmonary hypertension, which 
make the pressure in the pulmonary artery higher, 
the right ventricle can become over stressed leading 
to its hypertrophy. Our results demonstrate higher 
hypertrophy in the hemoglobin induced rats, whereas 
those treated with haptoglobin had lower weights 
meaning least hypertrophy.  

Pulmonary arterial (PA) pressure 

Pulmonary arterial (PA) pressure is use to measure 
pulmonary artery hypertension, only the systolic 
pressure is taken. Pa pressure is high in SCD 
patients. From the preliminary results, we found that 
the hemoglobin- induced group had the highest PA 
pressure; this is could be from cell free hemoglobin 
eliciting inflammation and vascular damage which 
would then lead to a high blood pressure in the 
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artery. Interestingly, the groups that where 
haptoglobin treated had lower PA pressures. 

Pulmonary artery pulse pressure 

The PA pulse pressure gives us a number that can 
indicate the stiffness and inflammation in blood 
vessels. It is believed that cell free hemoglobin 
induces change in vasculature via inflammation. This 
may explain our hemoglobin infused group; these 
animals had the highest PA pulse pressure. Again, 
haptoglobin lowered the Pa pulse pressure and 
therefore decreased stiffness in blood vessels.  

 

MORPHOLOGY AND 
IMMUNOSTAINING ANALYSIS 

Medial thickening:  

As an indication of medial thickening, we calculated 
an average by measuring four points along the 
circumference of the pulmonary vessels. We 
observed that in the group of chronic exposure to Hb 
and Hp treated group, that medial thickening was 
decreased. This may suggests that hemoglobin is 
working as a pro-inflammatory agent when released 
into the extracellular space. 

Protein analysis 

Endothelial Nitric Oxide Synthase (eNOS) 
expression 

eNOS generates nitric oxide (NO) in endothelial 
cells.  It is known that NO is a vasodilator that 
prevents adhesion of leukocytes and reduces 
proliferation of the intima.  In our results, we saw that 
there was no evidence that Hb decreased long term 
NO bioavailability in the lung by determination of 
pulmonary eNOS; past experiments in the lab prove 
the same (1).  

Intercellular Cell Adhesion Molecule (ICAM-1) 
expression 

ICAM-1 is a glycoprotein that is expressed by a 
variety of cell types including endothelial cells, 
activated leukocytes and infiltrated macrophages. It 
functions as a marker of an activated endothelium 
and plays a critical role in the immune and 
inflammatory responses. ICAM-1 protein 
concentrations were increased in the Hb-induced 
groups.  

Taken together these data are congruent with early 
reports that haptoglobin can protect against 
hemoglobin-induced damage in the vasculature, not 
by preventing the primary reactivity of heme oxidants 
but by rendering the resultant protein products less 
damaging (Paul Buehler, 2012). We have data that 
suggest that haptoglobin may be used as a potential 
therapeutic treatment for the cell free hemoglobin 
induced vascular damage.  

 
CONCLUSIONS 
Animals anesthetized with ketamine displayed 
typical learning behavior in the novel object-
recognition task, whereas isoflurane-anesthetized 
rodents were impaired (p<0.05). Our results support 
the notion that the acute administration of isoflurane 
results in hippocampal-dependent spatial memory 
impairments. These observations may offer 
important insight into the effects of this inhaled 
anesthetic on patients. The current use of isoflurane 
as an anesthetic for human patients call for a total 
concentration that fluctuates from 1.3 to 3%, which 
may put these patients at potential risk for post-
surgical cognitive deficit. Further studies in our 
laboratory will be focused on the exploration of the 
differences of isoflurane-mediated effects between 
mice and rats and the possible differences in the 
mechanisms related to this kind of anesthetic.  
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ABSTRACT 
Morphine is an opiate widely used for the 
treatment of chronic pain. Long-term usage of this 
drug can lead to the development of dependence 
and/or addiction. This addiction results in 
morphological and functional changes in the brain 
that could lead to abnormal cognitive processes in 
learning and memory. A widely used paradigm to 
study learning and memory is Pavlovian fear 
conditioning and extinction. In our previous 
experiments we found a deficit in fear extinction 
learning only in male rats chronically injected with 
morphine, but this deficit was not observed in 
morphine-treated females. These results suggest 
that ovarian hormones could play a neuro-
protective role in shielding individuals against the 
effects of chronic morphine exposure. The 
purpose of this study was to characterize how 
ovarian hormones affect the acquisition and 
extinction of conditioned fear in female rats after 
chronic morphine exposure. To examine the 
effects of hormone deprivation, we used 
ovariectomized (OVX) female Sprague-Dawley 
rats without hormonal replacement. Rats were 
injected (s.c.) twice a day for 5 consecutive days 
with either 0.9% saline or increasing doses of 
morphine (5-50 mg/kg, i.p.) to induce 
dependence. Somatic signs of morphine 
withdrawal were assessed 24 and 96 hours after 
the last injection. Twenty-four hours after the last 
morphine injection, rats showed somatic signs of 
morphine withdrawal, but these signs decreased 
significantly at 96 hours after morphine cessation. 
No signs of withdrawal were observed in saline-
treated rats. Similar to our previous data on 
normal-cycling female rats, no significant 
differences were observed in the percentage of 
freezing shown by morphine- (n = 8) or saline (n = 
9)-treated female rats during conditioning, or 
extinction. These results show that chronic 
morphine administration did not impair auditory 
fear conditioning or extinction in ovariectomized 

rats. Moreover, our study was able to determine 
that ovarian hormone levels do not affect the 
acquisition and extinction of conditioned fear.  
 
According to these findings, it is possible that 
other mechanisms unrelated to ovarian hormones 
are responsible for the previously observed 
differences in associative learning between males 
and female. 
 

BACKGROUND 
Nonmedical use and abuse of prescription drugs is a 
serious public health problem in the US and Puerto 
Rico. Approximately 52 million people have used 
prescription drugs for nonmedical reasons at least 
once in their lifetimes. The abuse of certain 
prescription drugs—opioids, central nervous system 
depressants, and stimulants—can lead to a variety of 
adverse health effects, including addiction. 
According to several national surveys, prescription 
medications, such as those used to treat pain, 
attention deficit disorders, and anxiety, are being 
abused at a rate second only to marijuana among 
illicit drug users (NIDA, 2011). 

Opioids (opium, morphine, and codeine) are a class 
of psychoactive substances derived from the poppy 
plant, but which class includes as well semi-synthetic 
forms (including heroin) and synthetic compounds 
(methadone and buprenorphine) with similar 
properties. The term opioid refers strictly to the 
subset of opioids that are naturally occurring or semi-
synthetic and therefore includes heroin and 
morphine but excludes methadone and 
buprenorphine (British Psychological Society, 2008). 
Strong opioids, especially morphine, are the principal 
treatments for pain related to advanced and 
progressive disease, and their use has increased 
significantly in the primary care setting (National 
Collaborating Centre for Cancer (UK), 2012). 

An opioid dependence develops after a period of 
regular use of opioids, with the time required varying 
according to the quantity, frequency, and route of 
administration as well as factors of individual 
vulnerability and the context in which a given 
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individual’s drug use occurs. Opioid dependence is 
not just a heavy use of opioids, but a complex health 
condition that has social, psychological, and 
biological determinants and consequences, which 
consequences include changes in the brain. 
Repeated use of a drug can lead to the development 
of tolerance in which increased doses of the drug are 
required to produce the same effect (tolerance). The 
cessation of use leads to reduced tolerance, and this 
may present significant risks for individuals who then 
return to those doses that are at levels at which they 
had previously developed tolerance. This can result 
in accidental overdoses and, in the case of opioid 
misuse, lead to respiratory depression and death 
(British Psychological Society, 2008). 

Several animal studies have shown that males and 
females differ in the sensitivity, development of 
tolerance, and dependence to the effects of opioids 
such as morphine, with females progressing more 
rapidly to drug dependence than males (Sadegui et 
al., 2009; Barret et al., 2001) 

A common and widely used model to study fear is the 
Pavlovian fear-conditioning paradigm. It consists of 
the 3 following phases: conditioning, extinction, and 
testing. During the conditioning phase, animals are 
trained to associate a cue or a context (conditioned 
stimulus) with an aversive stimulus, usually a foot 
shock (unconditioned stimulus). In the next phase, 
extinction, the animals are re-exposed to the same 
cue or context (the tone); they learn to freeze or 
express an enhanced startle reflex (conditioned 
response) in anticipation of the foot shock. In the last 
phase, testing, animals receive 2 tone-alone trials in 
the same chamber to test their recall of conditioning 
(freezing) or extinction. 

Fear-conditioning paradigms have reported that 
there are sex differences in learning and memory, 
suggesting that gonadal hormones may influence the 
acquisition of fear conditioning (Milad et al., 2009). 
The main goal of this study was to characterize the 
role of ovarian hormones in female rats in response 
to chronic morphine exposure  and to determine 
whether such exposure also alters the emotional 
learning processes and thus could potentially 
contribute to the development of morphine-
associated mood and anxiety disorders. 

 
 

METHODOLOGY 
 
Ovariectomies 
On day 1, 60-day-old female Sprague Dawley rats (n 
= 17) had a longitudinal incision of approximately 1.5 
cm with a sterile surgical blade on the lumbar 
dorsum, specifically, posterior to the ribcage and 
lateral to the vertebral column. Paraovarian fatty 
tissue was then identified and retracted for each 
ovary. The exposed ovary and associated oviduct 
were severed ad removed. Rats were left to recover 
from day 2 through 8. 

Morphine injections 
Starting on day 9 after the ovariectomies, rats were 
subcutaneously injected (every 12 hours) for 5 
consecutive days with either 0.9% saline or 
increasing doses of morphine (5-50 mg/kg , i.p.) to 
induce dependence.  

Somatic signs of morphine withdrawal 
Somatic signs of morphine withdrawal were 
assessed 24 and 96 hours after the last injection 
(days 10 and 13). These signs include ptosis 
(dropping or falling of the eyelid), “wet-dog” shakes, 
and tremors (unintentional trembling or shaking 
movements in 1 or more parts of the body).  

Behavioral assessment 
The Pavlovian fear-conditioning paradigm was used 
as a model of associative emotional learning. On day 
1 of the behavioral assessment, the rats received 3 
tone-shock pairings (conditioning phase). On day 2, 
the rats were returned to the conditioning chamber 
and given 12 tone-alone trials (extinction phase). On 
day 3, the rats received 2 tone-alone trials in the 
same chamber to test for recall of conditioning or 
extinction (test phase).  
Conditioned fear responses were measured as the 
percentage of time spent freezing (Blanchard and 
Blanchard, 1972), with freezing defined as the 
cessation of all movement except for respiration. 
Data were analyzed from digitalized videos using 
commercial software (FreezeScan, CleverSystems). 
A repeated measure analysis of variance (ANOVA) 
was performed to analyze the behavioral data (SPSS 
21). Values are reported as the mean ± SEM. A 
decrease in the percentage of time spent freezing is 
interpreted as a decrease in conditioned fear.  

 
 
 

http://prise.uprp.edu  2011-13 UPR-PRISE Scientific Magazine. Copyright 2015. 106



 

 Female ovariectomized rats are protected from the effects of chronic morphine 
treatment on fear conditioning and extinction  

Yanaira Alonso Caraballo. University of Puerto Rico at Ponce. Department of Biology 

 
 

RESULTS 
Somatic signs of morphine withdrawal in 
ovariectomized (OVX) female rats 

After 24 hours of the morphine injection, it was seen 
that the increasing chronic administration of 
morphine induced dependence, as shown by the 
presence of the somatic signs of spontaneous 
morphine withdrawal in the morphine-treated rats  
(Fig. 1A). However, no signs of withdrawal were 
observed in the saline-treated rats. At 96 hours, the 
total withdrawal scores were significantly lower (Fig. 
1B) than were the withdrawal scores seen at 24 
hours.  

Figure 1. Somatic signs of morphine withdrawal in OVX female rats (n = 17). 

 

Effects of chronic morphine exposure on fear 
conditioning and extinction in OVX female rats 

No significant difference was observed between the 
OVX rats exposed to chronic injections of morphine 
and the OVX rats injected with 0.9% saline during the 
fear-conditioning and extinction component of the 
behavioral assessment (Fig. 2).  

Figure 2. Effects of chronic morphine exposure on fear conditioning and 
extinction 

 

Effects of chronic morphine exposure on fear 
conditioning and extinction in normal (non-OVX) 
female rats 

Previous data from normal-cycling female rats 
showed that there is no significant difference in the 
percentage of freezing between the morphine-
treated (n = 8) and the saline-treated (n = 9) animals 
during the fear-conditioning and extinction 
component of the behavioral assessment (Fig. 3). 

Figure 3. Effects of chronic morphine exposure on fear conditioning and 
extinction in normal females. 

 

Effects of chronic morphine exposure on fear 
conditioning and extinction in OVX and normal 
(non-OVX) female rats 

A merge of the OVX and the normal (non-OVX) 
female rats was made in order to assess the effects 
of chronic morphine exposure on fear conditioning 
and extinction. The OVX saline and OVX morphine 
rats had significantly higher percentages of freezing 
during the extinction day vs. the normal (non-OVX) 
morphine and saline female rats (Fig. 4). 

Figure 4. Effects of chronic morphine exposure on fear conditioning and 

extinction in OVX and normal female rats. 
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DISCUSSION 
In previous studies in which a 3-day auditory fear-
conditioning and extinction paradigm was used to 
assess extinction learning and recall at different 
phases of the estrus cycle in natural cycling female 
rats, investigators saw that during the proestrus (high 
estrogen/high progesterone) phase, the extinction 
that took place was more consolidated. This was 
evidenced by low freezing during a recall test (Milad, 
M.R., et al., 2009). Other experiments suggest that 
the ovarian hormones may play an inhibitory role in 
the expression of the conditioned fear-induced 
enhancement of morphine analgesia. Testing made 
during estrus, following the heightened levels of 
ovarian hormones in proestrus, resulted in lower 
levels of conditioned fear-induced enhancement of 
morphine analgesia compared to the analgesia 
levels observed during diestrus, when ovarian 
hormones are low (Ryan, S., et al., 1998). Ovarian 
hormones administered individually or in 
combination can markedly attenuate the 
antinociceptive response to morphine. The effects of 
estrogen and progesterone on opiate 
responsiveness could mediate a variety of 
autonomic, neuroendocrine, and behavioral 
response to chronic hormone treatment (Ratka, A., 
Simpkins, J.W., 1991). 

In our study, we characterized the role of ovarian 
hormones in female rats in response to chronic 
morphine exposure. Furthermore, we tried to 
determine whether this exposure alters associative 
emotional learning processes, which could 
potentially contribute to the development of 
morphine-associated mood and anxiety disorders. 
The administration of chronic morphine did not impair 
auditory fear conditioning or extinction in female rats; 
this was both for the normal (non-OVX) and for the 
OVX rats. These results also show that ovarian 
hormones influence the way in which animals learn. 
These findings suggest that other female hormones 
might be protecting the animals from any of the 
deleterious effects of morphine. Our results also 
suggest that learned conditioned responses in 
females are not affected by previous morphine 
exposure and withdrawal. Future experiments will 
assess whether unconditioned responses are altered 
by prior morphine experience in females. 
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