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Abstract

Problem—Human gamma delta (GD) T cells play a well-documented role in epithelial barrier 

surveillance and protection. Two subsets of GD T cells, defined by the use of either the Vdelta2 

(GD2) or Vdelta1 (GD1) TCR, predominate. We hypothesized that endocervical GD T cells play 

important role in lower genital tract anti-HIV immune responses.

Method of Study—HIV infected (n=18) and HIV uninfected (n=19) pre-menopausal women 

participating in the WIHS cohort were recruited. Frequency and phenotype of GD T cells were 

determined in endocervical cytobrush samples and peripheral blood by multicolor flow cytometry.

Results—We found depletion of GD2 cells in the blood of HIV infected women as well as 

significant decrease in the frequency of endocervical GD1 cells compared to uninfected women.

Conclusions—We report for the first time, the GD1 cells are a predominant endocervical T cell 

subset that is significantly decreased in HIV infected women.
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Introduction

In the United States, women represent 20% of new HIV infections and the majority of these 

infections occur via vaginal intercourse (http://www.cdc.gov/hiv/risk/gender/women/facts/

index.html#refc).
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The female reproductive tract (FRT) is the initial site of HIV replication and better 

knowledge of the genital mucosa is essential for understanding pathogenicity of HIV 

infection in women and for development of efficient HIV prevention strategies. Within the 

FRT, the mucosal immune system serves as the first line of defense1-3, uniquely balancing 

effective level of protection against pathogens with reproductive demands. Mucosal tissues 

sequester the largest proportion of T lymphocytes in the body 4 . While T cell populations in 

the gastrointestinal tract have been well characterized, characterization of immune cell 

populations in the lower genital tract is largely unknown and remains an essential step in 

understanding the pathogenesis of HIV in the FRT.

Gamma delta (GD) T cells are unconventional T cells recognizing antigens via their gamma 

delta T-cell receptor (TCR) in a way that is fundamentally different from conventional alpha 

beta T cells 5. GD T cells are usually divided into subsets according to the type of V gamma 

(G) and/or V delta (D) chain they express in their TCR. There is considerable heterogeneity 

of the GD T cell populations across body compartments in terms of cellular phenotype, 

nature of antigen recognized and effector functions employed 6. In the peripheral blood, GD 

T cells represent only minor subset of T lymphocytes (less than 10%). About 50-90% of 

peripheral blood GD T cells express Vdelta2 chains (combined with Vgamma9) (GD2) 7. In 

contrast, GD T cells expressing the Vdelta1 chain, (paired with a variety of V gamma 

chains) (GD1), are enriched in tissues, such as skin, respiratory, urogenital tract, and 

intestinal epithelia (up to 60% of small intestinal intraepithelial lymphocytes, IEL, are GD T 

cells) 8. Intraepithelial GD T cells contribute to the earliest stages of immune responses 

against infection through the epithelial surfaces. It has been well documented that GD 

deletion by genetic knock out or treatment by specific antibodies renders mice more 

susceptible to infection with a variety of microbes9, 10. Also, a large number of studies in 

human and murine system have confirm the presence of GD T cells in uterine lymphocytes 

during pregnancy but GD T cells have not been evaluated in the female lower FRT 11-14.

While phenotypic changes in GD T subset of peripheral blood and rectal mucosa 15-17 have 

been described in HIV, GD T subsets have not previously been examined in the 

endocervical mucosa, the primary site of HIV infection in women. Since mucosal GD T 

cells may play an important role in trans mucosal HIV infection and control of HIV 

replication, it is important that effect of HIV on these cells be examined. In an attempt to 

elucidate the biology and functional properties of human endocervical GD T cells, in this 

study we evaluate endocervical GD T cells in women participating in the Women's 

Interagency HIV Infection Study (WIHS), the largest longitudinal cohort of women with 

HIV infection and at risk for HIV infection in the United States.

Methods

Ethics statement

Institutional Review Board (University of Miami Miller School of Medicine) approval was 

obtained prior to recruitment and any assessment or study related procedures. Participants 

were provided with information about the study and assured of confidentiality of 

information and study records. Voluntary signed informed consent was obtained from all 

participants prior to participating in the study.
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Study procedures

Study activities took place at University of Miami HIV Research Unit in collaboration with 

the Miami Women's HIV Interagency Study (WIHS) and the Miami Center for AIDS 

Research (CFAR). Participants were women participating in the WIHS study in Miami, aged 

18 to 45 years of age, sexually active, not pregnant and not on contraceptive medications or 

with an intrauterine device. Participants completed a web based questionnaire assessing 

demographic, sexual risk factors and medical history. Participants underwent a 10 milliliter 

blood draw and vaginal examination with collection of endocervical cytobrush samples.

Women without documentation of HIV status underwent HIV testing. HIV testing was 

performed by using rapid HIV test (OraQuick ADVANCE Rapid HIV-1/2 Antibody, 

OraSure Technologies Inc. Bethlehem, PA, USA). Women with history of HIV infection 

presented documentation of HIV infection (HIV western blood results, medical records, or 

any laboratory result with a detectable HIV viral load). Chlamydia and gonorrhea testing 

was performed in endocervical swabs using ProbeTec Chlamydia and Gonorrhea 

Displacement Assay, Becton Dickinson, Sparks, MD, USA).

Demographics and sexual risk factors

The demographic and sexual risk factors questionnaire included age, race, number of 

partners, and history of exchanging sex for money, use of condoms, alcohol and drugs.

Medical History

Medical history included history of genital infections including Sexually Transmitted 

Infections and use of antiretroviral drugs. HIV+ women on antiretroviral therapy (ART) 

were receiving at least 3 drugs with a combination of 2 NRTI (nucleoside reverse 

transcriptase inhibitor) and boosted protease inhibitor or integrase inhibitor or non-

nucleoside reverse transcriptase inhibitor.

In women with HIV infection plasma CD4 T cells/milliliter and HIV RNA viral load was 

performed as part of the study.

Endocervical brush sample collection and processing

Participants underwent a vaginal examination. Cervical os was visualized and cleaned from 

mucous. Endocervical samples were collected by inserting Cytobrush Plus GT (CareFusion, 

San Diego, CA, USA) cell collector into the endocervix until the bottom-most bristles were 

exposed. The brush was then rotated 360 degrees clockwise. The brush was removed and 

inserted in a 15 mL tube containing 5 mL of IMDM. Any visible blood contamination was 

noted. The tube containing cytobrush was place on ice immediately after collection. The 

cytobrush was processed sequentially and the extracted cells were combined for staining and 

flow cytometric analysis

First, tube containing cytobrush was vortex for 1 min and then centrifuged for 10 min at 250 

g. Second, cytobrush was taken out and additional wash was performed by placing 

cytobrush on the 100mm cell strainer. Pellet was combined with the additional cytobrush 

wash (20 ml IMDM) and centrifuged for additional 10 min at 250g. Supernatant was 
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decanted and pelleted cells resuspended in 1 ml IMDM and counting was performed using a 

Beckman Coulter automated cell counter (The Vi-CELL Series Cell Viability Analyzer) 

with the trypan blue dye exclusion method (total viable cell concentration were reported).

Peripheral blood processing

Blood was collected in heparin anti-coagulated vacutainer tubes (BD Biosciences, San Jose, 

CA, USA). Plasma HIV viremia was assessed by measuring plasma HIV-1 RNA viral load 

respectively using real time COBAS amplicor HIV PCR testing (Roche Molecular Systems 

Inc, Branchburg, NJ,USA). Peripheral blood mononuclear cells (PBMC) were isolated by 

density gradient centrifugation using Ficoll-Histopaque (Sigma- Aldrich, St. Louis, MO, 

USA).

Flow cytometry

Cells were re-suspended in FACS buffer (PBS containing 1% bovine serum albumin 

(Sigma-Aldrich) and stained with the LIVE/DEAD Fixable Yellow Dead Cell Stain kit (Life 

Technologies, Grand Island, NY,USA) and with the antibody panel for phenotyping (Table 

S1). After 30 min incubation on +4°C, cells were washed with FACS buffer and re-

suspended in 300 mL 1% paraformaldehyde (Sigma-Aldrich). Samples were acquired on 

Fortessa flow cytometer (BD, San Jose, CA, USA), equipped with 405 nm, 488 nm, and 635 

nm lasers.

Antibody panel optimization and titrations were performed in PBMCs, followed by 

confirmation using cells isolated from cytobrushes. Compensation controls were prepared 

simultaneously with sample processing, using UltraComp eBeads, (eBioscience, San Diego, 

CA, USA) for antibodies and ArC Amine Reactive Compensation Beads (Life 

Technologies, Grand Island, NY, USA) for the viability stain.

Numbers of GD1+ /GD2+ cells enumerated from endocervical cytobrush samples. Number 

on the Y-axis represents the cell numbers (×106) calculated using flow cytometry (total of 

10.000 events/cells collected in CD3+live cells+ gate in each analyzed sample). Absolute 

counts were determined by multiplying the frequency of each subset relative to lymphocytes 

(determined by scatter gating) by the absolute lymphocyte count obtained from a complete 

cell count analyzed by a Coulter automated cell counter (The Vi-CELL Series Cell Viability 

Analyzer).

Data analysis

FACS data files were analyzed using FlowJo 9.6 for PC (Tree Star, Ashland, OR, USA) and 

Prism 5.01 for Windows

Statistical analysis

Statistical analyses were performed using GraphPad Prism 5 (San Diego, California, USA). 

Shapiro–Wilks test for normality was applied to determine the distribution of the grouped 

samples. Mann–Whitney U test was applied for nonparametric independent sample 

comparisons and Wilcoxon signed rank tests were applied to matched samples for 

nonparametric comparison. Kruskal–Wallis ANOVA tests were used for non-parametric 
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assessments of variation between groups, with Dunn's post-test applied to test for the effect 

of multiple comparisons. For comparison of frequencies, the Chi-square test was used to 

compare groups. All tests were two-tailed and p-values of 0.05 were considered significant.

Data analysis

FACS data files were analyzed using FlowJo 9.6 for PC (Tree Star, Ashland, OR, USA) and 

Prism 5.01 for Windows

Results

Characteristics of women

Thirty seven pre-menopausal women participated in the study: 18 HIV infected (HIV+) and 

19 HIV uninfected (HIV-). Median age was 34.4 (SD = 6.3) and was similar in both HIV+ 

and HIV- women (p=0.60). The majority was Black/African American (24, 64.8%, p=0.68) 

and engaged in high risk behaviors: 30 (81.0%) had more than one partner in the prior 

month and 14 (37.8%) reported a history of exchanging sex for money or drugs and was 

similar in both HIV+ and HIV- women (p=0.29). Reported condom use was low as only 12 

(37.5%) reported using condoms in all sexual encounters in the prior month and was not 

different by HIV status (HIV- 41.7% and HIV+58.3%; p=1.10).

Twenty two (59%) of participants (reported having been diagnosed with a genital infection 

in their lifetime (Chlamydia, gonorrhea, syphilis, trichomoniasis or bacterial vaginosis) and 

was not different by HIV status (p=0.61).

Genital examination was unremarkable in the majority of participants: 5 participants had 

increased vaginal discharged of normal characteristics, one participant had white discharge 

and 3 had friability of the cervix. One participant tested positive for chlamydia and one for 

gonorrhea. Median pH was 5.2 (4 – 7) and was not different by HIV status.

The median time from the first day of the last menstrual cycle was 18.5 days (SD=7.4) and 

was not statistically different in HIV- vs HIV+ women (day 16 of the cycle for HIV- and 

day 19 for HIV+ women). The Shapiro-Wilk test of normality indicated that the gamma-

delta T cell data was not normally distributed (p=0.001). Spearman's rho was calculated for 

the relationship between menstrual day and gamma delta frequency. No significant 

relationship was found, regardless of HIV infection (p=0.302). When the calculations were 

repeated for HIV positive and HIV negative women in the cohort no significant relationships 

were found (p=0.135 and p=0.929, respectively).

Among those participants with HIV infection, most were on antiretroviral medications 

(n=14, 74%) and had CD4 counts over 500 cells per milliliter (14, 74%). The median CD4 

count was 1,030 cells per milliliter (SD = 606). Plasma viral load was available for 15 

participants and 10 (66.6%) had undetectable plasma viremia as defined as less than 400 

copies per milliliter (median viral load = VL= 1.7 log10, SD=2.1).

The number of collected total cervical cells were similar in samples from HIV- and HIV+ 

women (median number of 700,000, SD=1.22). The percentage of CD45+ cells was 2.78 % 
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(SD = 4.91) in HIV- and 2.10 % (SD = 3.39) in HIV+ women (p=0.70). Endocervical cells 

were isolated from a single cytobrush yielding a median number of viable CD45+ 

leukocytes of 25,000 (4,000 - 90,000) in HIV- and 10,000 (2,000 - 170,000) in HIV+ 

women (p= 0.63). The viability of CD45+ leukocytes were similar between two groups of 

samples 76.6% in HIV- and 66.9% in HIV+).

Although, cytobrush samples yielded similar numbers of cervical CD3+ T cells: 12,000 (SD 

= 6,29) in HIV- and 9,100 (SD = 2,69) in HIV+ (p= 0.56), HIV+ women had a significantly 

skewed percent of CD4+ T cells within endocervical CD3+ cells compared to HIV- women 

(3.38% (SD=0.94) in HIV- and 0.36% (SD=0.14) in HIV+ women; p=0.0001).

Flow cytometric analysis of human gamma delta T cells in the blood and endocervical 
brush samples

Diverse methods have been developed to study the immune populations and environment of 

the FRT (cervical biopsy, cervical cytobrushes and cervicovaginal lavages)18-22. It is 

important to note that these methods sample distinct portions of the FRT (cytobrush, sample 

a region of a single layer of columnar epithelium, in contrast to cervicovaginal lavage and 

biopsy, that sample a region of squamous stratified epithelium). Also, nature of leukocyte 

populations differs significantly between these sample regions21, 22. We hypothesized that 

intraepithelial gamma delta T cells will be observed among the endocervical mononuclear 

cell population from uninfected and HIV infected women. Using multiparametar flow 

cytometry-based immunophenotyping, we describe for the first time a unique population of 

endocervical gamma delta V1 (GD1) T cells (Figure 1). The isolation of endocervical brush 

samples (described in Materials and Methods) was performed within 1 h of sample 

collection. Furthermore, for most samples time from collection to processing was less than 

30 min. Analysis was always compared to autologous PBMC samples. A representative 

gating strategy for HIV uninfected endocervical and PBMC sample is shown in Figure 1 and 

Supplementary Figure 1. Large gate is set on Forward/Side scatter of acquired endocervical 

cytobrush cells (Figure 1 A). The FCS-A versus FSC-W plot allows for the exclusion of cell 

doublets (Figure 1B). Viability is defined by exclusion of dead cells using LIVE/DEAD 

Fixable Yellow Amine Dead Cell Stain (Figure 1C). Live cells are defined as leukocytes by 

CD45 expression (Figure 1D) and within the live CD45+ cells, T cells are defined by CD3 

expression (Figure 1E). Subpopulations of CD3+ cells that express GD TCR (TCR gamma 

delta V1 or TCR gamma delta V2) are defined as gamma delta 1 (GD1) or gamma delta 2 

(GD2) cells and percentage of GD1 or GD2 cells within CD3+ T cells was reported (Figure 

1G). In Figure 1 I we confirmed that only CD3+ T cells express TCR gamma delta since 

gated CD3- T cells do not express TCR gamma delta 1 or delta V2. Also, we analyzed the 

frequency of cervical CD4+ and CD8+ T cells as well as double negative CD4-CD8- T cell 

subpopulation (Figure 1F). Phenotypic analysis of gated CD3+GD1+ cells revealed (Figure 

1H), that majority of GD1 cells (∼74%) are CD4-CD8-.

Increased frequency of GD1 T cell subset in the blood of HIV infected women

Alterations of GD T cell subsets in blood occur during progressive SIV and HIV 

infection23, 24. We evaluated the frequency of two gamma delta T cell subsets (GD1 and 

GD2) in peripheral blood of HIV- and HIV+ women recruited in our study (Figure 2A and 
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B). We found statistically significant decrease in the frequency of GD2 subset in the 

peripheral blood of HIV + women compared to HIV - women (2.2%, SD = 1.6 in HIV- vs 

0.7%, SD = 0.55 in HIV+; p<0.0001) (Figure 2A). We also found increase in the frequency 

of GD1 subset in the blood of HIV+ women (4.2, SD = 4.3 in HIV+ vs 2.4, SD = 1.1 in 

HIV-; p<0.0001) (Figure 2B). We reported an increased GD1 / GD2 ratio in the blood of 

HIV infected women compared to HIV uninfected women (Figure 2C). In summary, 

consistent with previous reports 25, 26, we found that the GD2 subset is depleted in HIV 

disease while GD1 T cells represent the major GD T cell subset in peripheral blood of HIV 

infected women (Figure 2). Brenchley's group26 reported that GD1 T cells expansion in SIV 

infected monkeys was related to pathological changes in the intestinal epithelium that 

increased bacterial translocation causing higher levels of bacterial products in circulation 

that would stimulate GD1 T cells.

GD1 cells are major endocervical GD T cell subpopulation in both HIV infected and 
uninfected women

Gamma delta T cells, located at peripheral interfaces (including FRT and decidua) 13, are 

associated with responsiveness to viral, bacterial and protozoal antigens 27. Because of their 

well described role in epithelial barrier protection, we propose that these cells play a major 

role in the first line of defense against HIV in endocervical mucosa. Similarly to the blood, 

we observed decrease in the frequency of GD2 cells in HIV+ compared to HIV- women 

(0.67%, SD = 0.91 for HIV- vs 0.08%, SD = 1.83 for HIV+; p=0.0139) (Figure 3A).

As shown on Figure 3B and C, frequency of GD1 cells among all CD3+ cells was 

significantly higher in HIV- than in HIV+ women (35.50%, SD = 30.27 in HIV- vs 10.00%, 

SD = 17.17 in HIV+; p=0.0117) (Figure 3B and C and representative dot plot D).

In summary, we report for the first time that GD1 cells represent the major intraepithelial 

GD T cell subset in the endocervix of uninfected women. In HIV infection there is a 

decrease in both, frequency and the absolute number (Supplementary Figure 2) of 

intraepithelial GD1 T cells. High abundance of GD1 T cells in the uninfected endocervical 

mucosa supports immunoregulatory role and GD1 involvement in the epithelial barrier 

homeostasis. Therefore, the loss of intraepithelial GD1 T cells and establishment of 

proinflammatory environment leads to higher mucosal vulnerability and pathogen (HIV) 

susceptibility.

Endocervical GD T cells express CD4 and CCR5

We compared the phenotype of endocervical GD1 and GD2 T cells (Figure 4A-C) in HIV 

negative and HIV positive women. We observed that endocervical GD2 cells, in both HIV 

negative and positive women, predominantly express CD4 (Figure 4A, upper two panels and 

Figure 4C). In contrast, endocervical GD1 T cells from HIV negative and positive women 

express very few CD4 molecules on their surface (Figure 4A, lower two panels and Figure 

4B). Majority of GD1 T cells were double negative cells (CD4-CD8-). Interestingly, HIV+ 

women had higher frequency of endocervical GD1 and GD2 T cells that express CD8 

molecule (Figure 4A, lower right panel and Figure 4B-C).

Strbo et al. Page 7

Am J Reprod Immunol. Author manuscript; available in PMC 2017 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The CCR5 is the major co-receptor by which HIV infects cells and previous reports have 

demonstrated expression of this molecule on FRT T cells28-30. We were interested to 

confirm its expression on endocervical GD T cells (Figure 4C). We found that both 

endocervical GD1 and GD2 T cells from all women (HIV neg and HIV pos) express CCR5 

on their surface. In summary, our data demonstrate predominance of double negative (CD4-

CD8-) endocervical GD1 cells and high CD4 and CCR5 expression on endocervical GD2 T 

cells supporting our hypothesis that two major intraepithelial GD subset could have a 

different role in HIV pathogenesis and HIV transmission. Striking difference in the 

expression of major HIV co-receptor CD4 on GD1 and GD2 T cells, indicate that GD2 T 

cells could represent the major HIV target cell.

Discussion

HIV acquisition and sexual transmission are dependent on the hormonal and immune 

environment of the FRT31-33. Mucosal CD4 T lymphocytes in the vagina, cervix and uterus 

are thought to be the primary targets for sexual acquisition of HIV in women30, 34-36. HIV 

infects discrete subset of CD4 T cells, which express phenotypic receptors and co-receptors 

that are necessary for HIV to gain intracellular access 30, 37, 38. As the major component in 

the mucosal immune system, unconventional T cells, GD T cells may have a decisive role in 

early phases of HIV infection. Effect of the HIV infection on peripheral blood GD T cells 

has been studied previously15, 25, however nothing is known of the phenotype or 

functionality of mucosal FRT GD T cells. The endocervix is lined by a single layer of 

columnar epithelium and intraepithelial lymphocytes represent a unique T cell subset that 

can rapidly initiate immune response when encounter pathogenic microbes. Understanding 

the immunological events in the endocervical intraepithelial compartment therefore is 

important for the design of effective strategies to prevent HIV infection.

In the present study, we demonstrate for the first time the feasibility of utilizing endocervical 

brush samples to explore the role of intraepithelial GD T cells in the FRT. We also 

demonstrate that GD T cells are present in the cervix and HIV infection is associated with 

alterations in endocervical GD T cells. Furthermore, we found that endocervical brush 

samples from both, HIV infected and uninfected women predominantly harbor GD1 T cell 

subset. Our study is the first to confirm the presence of GD1 T cells in endocervical 

intraepithelial compartment and to show the phenotypic differences between two GD T cell 

subsets (GD1 and GD2).

One major difference between the circulating and resident GD T cells is that they are using 

different variable (V) delta chains – the resident GD T cells are Vdelta1+ while the 

circulating counterpart is Vdelta2+39. Studies of the phenotype of two major GD T subsets 

in humans reveal that the Vdelta2+ cells are similar in surface markers to the αβT cells 

while Vdelta1 T cells have a phenotype more like mucosal lymphocytes and IELs.39 It has 

been reported that only few of either the GD1 or the GD2 cells in the peripheral blood 

expressed CD840. In contrast, majority of the small intestine intraepithelial GD T 

lymphocytes express homodimer CD8αα41. Expression of CD8 or CD4 molecules on the 

surface of GD cells has been associated with cytotoxic (CD8αα+ small intestine 

intraepithelial GD T cells highly express effector molecules like granzyme and 
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perforin 41, 42) as well as immunoregulatory functions (peripheral blood CD4+GD1+ T cells 

are precursors of naïve αβ T cells 43). There were no reports regarding the expression of 

CD8 and CD4 on reproductive tract GD T cells, so we wanted to determine the 

intraepithelial endocervical phenotype in more details. Peripheral blood GD T cells express 

CD4, CCR5 and CXCR423, 44, 45 and are susceptible to infection with HIV46. Since, the 

primary target cells for the human immunodeficiency virus (HIV) infection in the genital 

tract are CD4 T cells that express CCR5, we hypothesized that alterations in endocervical 

GD T cells that express CD4 and CCR5 could impact HIV acquisition risk. We found that 

majority of endocervical GD2 T cells in both, uninfected and infected women express CD4, 

while predominant population of GD1 T cells are mainly double negative cells, CD4-CD8- 

(Figure 4 A-C). It is known that natural intraepithelial lymphocytes, are double negative 

cells that migrate to the intestine and express molecules associated with immune regulation 

(LAG3, TGF-beta, FGL2, prothymosin beta4) and several killer cell immunoglobulin-like 

receptors (KIRs) that can function as activating receptors and trigger cytotoxic responses. 

The concomitant expression of effector and regulatory molecules implies that these 

“activated yet resting” natural IELs may gain a full activation status to serve self-antigen-

directed protective and/or regulatory functions8, 41. Well described regulatory phenotype of 

human decidual GD T cells (secretion of IL-10 and TGF beta) clearly supports GD T cell 

potential to contribute toward maintenance of non-inflammatory micro-environment11, 12, 47. 

Involvement of other cell subsets, like B cells, in supporting GD T cells regulatory 

phenotype should be considered in the future studies, since the role of B cells in the 

establishment tolerance at the fetal-maternal interface is well recognized 48, 49. At the same 

time, higher expression of CD8 on the surface of GD1 T cells in HIV infection implies the 

effector/cytotoxic potential of these cells.

Our data show that by eliminating cervical GD1, HIV cripples an important antiviral 

effector subset and removes a normal control over inflammation resulting in HIV 

persistence and progressing disease. The loss of intraepithelial GD1 T cells will lead to a 

lack of immunoregulatory environment with subsequent activation of pro-inflammatory 

cytotoxic pathways.

In this study, we found that in GD1 and GD2 from uninfected and HIV infected women, 

express CCR5 (Figure 4D-E). GD2 cells that highly express CD4 and CCR5 represent the 

major HIV target cells. Since, low levels of CD4, undetectable by flow, may be sufficient 

for productive HIV infection23, 50, endocervical GD1 T cells can also be potential HIV 

targets. Importantly, predominance of intraepithelial GD1 cells over GD2 in intraepithelial 

compartment supports the hypothesis that GD1 cell, in a steady state, are true surveillance 

cells, while GD2 cells can be recruited in this compartment under microbe-initiated 

activation. The possibility of increased mucosal recruitment of GD2 T cells is supported by 

Poles et al 16 finding of increased expression of CCR9 and CD103 on peripheral blood GD 

T cells during HIV infection. Furthermore, the ability of GD2 T cells to respond to bacterial 

metabolites and produce key mediators of intestinal immunity, including IFN-g, TNF-a, and 

IL-17A 51, 52, indicates considerable potential for this population to further augment 

conventional pro-inflammatory T cell responses. Alterations in the normal microbiota, 

influenced by many different factors, can result in pro-inflammatory milieu and robust 
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immunity that can increase susceptibility to HIV infection. Future experiments will address 

the association of endocervical GD2 cells with FRT microbiota.

Understanding the immunological milieu of endocervical intraepithelial compartment is 

important for the design of effective strategies to prevent HIV infections and other sexually 

transmitted infections and for assessing the safety of future microbicide and vaccine 

candidates.

Development of markers of mucosal vulnerability in women has a very high impact for all 

clinical studies addressing the risk of HIV acquisition and transmission. In summary, we 

propose that GD1 cells in endocervical mucosa are antiviral surveillant cells with the 

primary aim to defend host without inducing pro-inflammatory responses. In addition, 

endocervical GD2 cells that express high levels of CD4 and CCR5, may play a role in HIV 

persistence and transmission. Further investigation of how GD1 and GD2 activation and cell 

trafficking in the human endocervical mucosa can be modified by environmental factors 

may lead to the development of novel prevention strategies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Representative flow cytometry gating strategy for enumeration of gamma delta (GD) T 
cell subpopulation in endocervical mucosa
Identification of endocervical T cell populations by following gating strategy: A) Large gate 

is set on endocervical cytobrush cells B) Exclusion of cell doublets C) Live cells are 

viability dye-negative population D) CD45 expression on live cells E) CD3 expression on 

CD45+ cells F) CD4 and CD8 expression on CD3+ cells G) TCRVD1 (GD1) and TCRVD2 

(GD2) expression on CD3+ cells H) CD4 and CD8 expression on GD1+ cells I) TCRVD1 

expression on gated CD3 negative cells.
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Figure 2. Increased GD1 / GD2 T cells ratio in the blood of HIV infected women
PBMC samples from HIV infected and uninfected women were analyzed by flow cytometry 

A) frequency of GD2+ cells and GD1+ (B) within endocervical CD3+ cells C) combined 

data from A and B
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Figure 3. Endocervical GD1 are predominant GD T cell subset in HIV infected and uninfected 
women
Endocervical brush samples form HIV infected and uninfected women were analyzed by 

flow cytometry A) frequency of GD2+ cells and GD1+ (B) within endocervical CD3+ cells 

C) combined data from A and B D) representative flow cytometry data for HIV negative and 

HIV positive endocervical CD3+ cells showing expression of TCR VD2 (GD2) and TCR 

VD1 (GD1).
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Figure 4. Phenotypic characteristics of endocervical GD1+ and GD2+ T cells in HIV positive (+) 
and negative (-) women
Endocervical GD1+ and GD2+ cells were analyzed for expression of surface molecules: 

CD4, CD8 and CCR5. A) Representative flow cytometry data of gated endocervical CD3+ 

cells expressing TCR VD2 (GD2+) and TCR VD1 (GD1+) (middle panels). Expression of 

CD4 and CD8 on GD2+cells (upper panels) and GD1+cells (lower panels). Numbers in the 

quadrants are showing percent of positive cells. B) Percent of CD4, CD8, double negative 

(CD4-CD8-) and CCR5+ cells within the GD1 (B and D) and GD2 cells (C and E) in HIV+ 

and HIV- women.
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