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Abstract
The oral and esophageal mucosa have been identified as possible sites of HIV/SIV entry following
oral infection. Here, gamma/delta (γδ) T cells, a multi-functional T cell subset, were assessed at oral/
esophageal mucosa and lymphoid sites at the earliest times (1–14 days) post-oral SIV inoculation
utilizing quantitative RT-PCR. During these earliest times post-infection, decreased γδ TCR mRNA
levels were observed at the oral gingiva and esophageal mucosa, while increased levels were observed
within regional lymph nodes (cervical and retropharyngeal). Higher lymph node γδ TCR levels were
associated with increased mRNA expression of the lymphoid homing chemokine/receptor (CCL21/
CCR7) pair in these lymph nodes. In contrast to γδ TCR levels, CD4 mRNA expression remained
relatively stable through 4 days post-infection, and depletion of CD4 T cells was only evident after
7 or 14 days post-infection. The decrease of γδ T cell mRNA from mucosal sites and the
corresponding increase at lymphoid sites suggest a rapid redistribution of these immune cells at these
earliest times post-SIV infection.
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INTRODUCTION
Following HIV infection, disease progression is generally characterized by the depletion of
peripheral CD4+ T cells. However, progression to AIDS is more complex as evidenced by
reports describing the dramatic loss of CD4+ T cells at mucosal sites [1–3] along with
increasing immune activation and bystander apoptosis after infection [4,5]. In addition to CD4
+ T cells, impaired functions are observed in B cells, macrophages, NK cells, and gamma/delta
(γδ) T cells during chronic pathogenic HIV/SIV infection [6–14]. γδ T cells are a unique T cell
subset that bridge the innate and adaptive immune response [6,15–17]. Indeed, following oral
SIV infection an increase in the levels of tonsillar γδ T cells was observed in rhesus macaques
previously vaccinated with an attenuated SIV vaccine that correlated with protection [18]. In
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a second study, intrarectal challenge was accompanied by an increased percentage of γδ T cells
expressing the β-chemokines CCL3/MIP-1α and CCL5/RANTES in those macaques
previously vaccinated with purified SIVgp120 [19]. The production of β-chemokines by
infiltrating γδ T cells may function to inhibit viral infection, as these chemokines are capable
of blocking viral gp120-CCR5 co-receptor interactions [19]. These reports provide evidence
that γδ T cells at mucosal surfaces may have important functions during the earliest times
following SIV infection of macaques.

The distribution and antigenic specificity of γδ T cells are strongly dependent upon the delta
variable region selected during T cell receptor (TCR) rearrangement; the Vδ1 or Vδ2 delta
variable regions are the most commonly utilized [20]. T cells expressing the Vδ1 TCR are
primarily located at mucosal sites and recognize non-classical MHC molecules on virally-
infected or tumor cells [21,22]. T cells expressing the Vδ2 TCR recognize non-peptide
phosphoantigens independent of MHC presentation and are primarily distributed in the
peripheral blood [20,23]. Chronic HIV infections are associated with an expansion of Vδ1
γδ T cells in the peripheral blood and gut mucosa [14,24]. Furthermore, these cells are
functionally impaired as evidenced by the ability of serum from HIV+ patients to impede
chemokine induced migration of CXCR3-expressing γδ T cells [25]. In situ hybridization has
also revealed decreased expression of the lymph node homing chemokine and receptor pair
(CCL21/6Ckine and CCR7) in the lymph nodes (LNs) of chronically SIV-infected macaques
[26]. Similar to the dysfunction observed in other immune cells [6], these reports indicate that
the migratory potential of γδ T cells to lymphoid and inflammatory sites may be impaired
during chronic HIV/SIV infection. Here, the distribution of γδ T cells was assessed during an
acute oral SIV infection of macaques (1 – 14 days). The decrease of γδ T cell mRNA from
mucosal sites and the corresponding increase at lymphoid sites suggests a rapid migration of
these immune cells at these earliest times post-SIV infection.

MATERIALS AND METHODS
Human and Animal subjects

Rhesus macaques (between 1–4 years of age) were cared for in accordance with NIH and local
Institutional Animal Care and Use Committee guidelines (California National Primate
Research Center). Prior to the initiation of the studies, all macaques were negative for SIV,
simian T cell leukemia virus, and simian retrovirus. Macaques were inoculated with
SIVmac251 orally as described previously [27]. Oral gingiva (mucosa adjacent to teeth) and
esophageal mucosal as well as cervical, retropharyngeal, and axillary lymph node tissues were
collected at necropsy (days 1, 2, 4, 7 or 14 post-oral inoculation as well as uninfected macaques)
and placed into Optimal Cutting Temperature (OCT) embedding compound (Tissue-Tek/
Sakura, McGaw Park, IL). Additionally tissues from uninfected macaques served as controls
to identify the 95% confidence intervals depicted. Histological examination of the mucosal
tissue determined that it was comprised of epithelial cells and submucosa with corresponding
immune cells, and occasionally a small amount of underlying connective tissue. Peripheral
blood was also assessed from macaques that had been inoculated orally with the same dose
and strain of SIVmac251 but were not necropsied at the time of sampling. Human blood
samples were obtained voluntarily from uninfected and chronically HIV+ donors (between
24–55 years of age) in accordance with UT Southwestern Medical Center Institutional Review
Board guidelines.

RNA isolation, Complementary DNA Synthesis, and Quantitative Real-Time PCR (qRT-PCR)
RNA was isolated from 10 mg of thawed OCT-embedded tissue from both uninfected and
infected macques utilizing mechanical homogenization in TRIzol (Invitrogen, Carlsbad, CA)
using RNeasy Kits (Qiagen, Valencia, CA) per the manufacturer’s instructions. Contaminating
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DNA was removed with DNase I (Ambion, Austin, TX). Complementary DNA (cDNA) was
synthesized utilizing random hexamers and the Super Script First Strand cDNA synthesis kit
(Invitrogen, Carlsbad, CA). Similar qRT-PCR methods were utilized to assess gene expression
as previously described [27,28] and were always performed in duplicate. Table 2 lists the
forward and reverse primer as well as probe sequences utilized for: Vδ1, Vδ2, CD4, CCR5,
CCR7, CCL21/6Ckine, CCL5/RANTES, and GAPDH for normalization. The following
thermocycler amplification conditions were utilized on an SDS Sequence Detector (Applied
Biosystems, Foster City, CA): 1 cycle for 10 minutes at 94°C, followed by 40 cycles of 15
seconds at 94°C and 1 minute at 60°C. Gene expression from SIV+ macaques was assessed in
comparison to four uninfected macaques for mucosal/lymph node tissues or seven uninfected
macaques for peripheral blood. The delta Ct (ΔCt) method was performed to assess fold change
in gene expression of SIV+ compared to uninfected macaques as previously described [28].

Phenotypic analysis of human γδ T cells
Approximately 40 ml of whole blood was drawn from uninfected and HIV+ patients in acid-
citrate-dextrose anti-coagulant tubes. Peripheral blood mononuclear cells (PBMC) were
isolated utilizing a Ficoll-Hypaque gradient and stained with fluorescently-labeled antibodies.
The antibodies were conjugated to fluorescein isothiocyanate [FITC; Pan-γδ TCR (clone
5A6.E9)], phycoerythrin [PE; Vδ2 γδ TCR (clone B6)], PE-Cy7 [CCR7 (clone 3D12)],
allophycocyanin [APC; CD62L (clone MEL14)], and APC-Cy7 [CD3 (clone SK7)]. Following
antibody staining, PBMCs were washed twice with PBS and fixed in 1% paraformaldehyde.
Flow cytometric analysis was performed on a Cyan flow cytometer (Dako-Cytomation; Fort
Collins, CO) and analyzed utilizing FlowJo software (Flowjo, Ashland, OR).

Statistical analysis for human samples
Statistical analyses were performed using GraphPad Prism 4.0 (GraphPad Software, San
Diego, CA). A Mann-Whitney test (non-parametric, two tailed, and unpaired) was performed
to determine the differences between uninfected and HIV+ patients. A p value of <0.05 (95%
confidence) was considered statistically significant.

RESULTS
Decreased γδ T cell mRNA levels at mucosal sites following acute SIV infection

A previous study from our laboratory determined that following an oral inoculation of rhesus
macaques, SIV DNA could be detected in oral gingival mucosa (adjacent to teeth) and
esophageal mucosal tissues as early as 1–2 days after infection, identifying these mucosal sites
as likely entry points for SIV/HIV into the host (Table 1) [27]. Here we expand upon these
previous findings through an assessment of the levels of γδ T cells soon after infection (1 – 14
days) in macaques inoculated orally with SIV. The relatively small amount of frozen tissue
available required that we utilize a quantitative real-time PCR based approach to detect the
relatively low levels of γδ T cells present in these tissues. An assessment of γδ T cell receptor
(TCR) mRNA levels at the oral gingiva and esophageal mucosa from four uninfected macaques
was performed to identify a two standard deviation range away from the average gene
expression. The γδ TCR levels in SIV+ macaques were evaluated to determine if there was an
increase or decrease in gene expression when compared to the two standard deviation range
from the uninfected macaques. At 1 day post-infection (DPI), the levels of Vδ1 and Vδ2 TCR
expression in the oral gingiva mucosa were decreased in one macaque (RM2) (Fig. (1A)) while
the esophageal mucosa remained within the two standard deviation range for both macaques
(Fig. (1B)). In macaques assessed at 2 and 4 DPI, a decrease in both the Vδ1 and Vδ2 γδ TCR
mRNA expression was observed at the oral gingiva and esophageal mucosa (Figs. (1A–1B)).
Interestingly, lower levels of γδ TCR expression coincided with the detection of SIV DNA at
these mucosal sites (Table 1). CD4 mRNA levels were assessed at these same mucosal sites
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during acute SIV infection and were generally within the normal range determined from
uninfected macaques (Figs. (1C–1D)). These data indicate the decline in γδ T cell levels was
relatively specific and not a reflection of changes in all T cell subsets. Although relatively few
macaques were available for analysis at any one time point, the trends observed in the data
obtained by macaques at consecutive time points enables a clear interpretation of these data.

Increased γδ TCR mRNA expression in the cervical and retropharyngeal lymph nodes during
an acute SIV infection

The cervical and retropharyngeal LNs drain the oral cavity where the viral inoculum was
administered. SIV DNA could be detected in both of these LNs by real-time PCR at 2 DPI
(Table 1) [27]. Analyses of the cervical and retropharyngeal LNs showed Vδ1 γδ TCR mRNA
levels increased at 1 DPI and generally remain elevated through 2 and 4 DPI (Figs. (2A–2B)).
In contrast, Vδ2 TCR and CD4 mRNA levels were generally within the two standard deviation
range in both the cervical and retropharyngeal LNs (Figs. (2A–2B; 2D–2E)). To determine if
lymphoid tissues distal to the inoculation site showed similar changes in γδ TCR expression,
we assessed Vδ1 and Vδ2 TCR mRNA levels in the axillary LNs of the SIV+ macaques (Fig.
(2C)). Within the first four DPI, neither Vδ1 nor Vδ2 TCR expression levels in the axillary
LNs were altered compared to uninfected macaques (with the exception of an increase in
Vδ2 in macaque RM4) (Fig. (2C)). The increased Vδ1 TCR expression (as early as 1–2 DPI)
in LNs in close proximity to the oral cavity, but not in distal lymph nodes, suggest that Vδ1+
γδ T cells may be responding to the presence of SIV at the mucosa and migrating to regional
LNs.

Assessment of γδ T cell mRNA levels at 7 and 14 days post-SIV infection
Previously, we demonstrated that SIV DNA is detectable in virtually all mucosal and lymphoid
tissues assessed by 7 and 14 DPI in macaques orally inoculated with SIV (Table 1) [27]. Within
the macaques necropsied at 7 DPI, Vδ1 and Vδ2 TCR mRNA expression were decreased at
the oral gingival mucosa while they were increased at the regional cervical and retropharyngeal
LNs (Fig. (3A)) (asterisks indicate mRNA levels that exceed the two standard deviation range
of the uninfected macaques). Analysis of an orally inoculated macaque 14 DPI revealed
decreased Vδ1 and Vδ2 TCR mRNA expression levels at the oral gingiva and esophageal
mucosa while the levels in the cervical and retropharyngeal LNs were within the two standard
deviation range (Fig. (3B)). Analysis of the CD4 expression at the mucosal and lymphoid sites
identified decreased CD4 mRNA levels at the esophageal mucosa, as well as the cervical LN
by 7 DPI and cervical and retropharyngeal LNs by 14 DPI (Fig. (3D)). In summary, macaques
infected for 7 and 14 days revealed decreased Vδ1 and Vδ2 γδ TCR expression levels at the
oral gingival mucosa indicating that the trends identified during the first four days extended
through 14 days post-infection. Compared to γδ T cells, CD4 T cell depletion was generally
not evident at mucosal sites until 7 to 14 DPI.

γδ T cell mRNA levels remain stable in peripheral blood
To ascertain if changes at mucosal or lymphoid sites were also manifested in the peripheral
blood we assessed Vδ1 and Vδ2 expression by real-time PCR on PBMCs in SIV+ macaques
at days 1 through 15 (Fig. (4)). Generally, Vδ1 and Vδ2 mRNA levels were similar at the time
points assessed, and within the range of the uninfected macaques with the exception of one
day 1, one day 4 and one day 14 infected macaque with higher Vδ1 mRNA levels (Fig.(4A)).
These data indicate that changes at mucosal and lymphoid sites at these early times following
SIV infection are generally not reflected in the peripheral blood, providing evidence that any
gd T cell migration that may be occurring is via lymph and not peripheral blood.
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Changes in lymphoid homing chemokines and chemokine receptors during SIV and HIV
infection

We hypothesized that the observed decrease in γδ T cell levels at mucosal sites during acute
SIV infection could be due to the migration of γδ T cells away from the mucosa towards the
secondary LNs in response to chemokines. To assess whether lymphoid homing chemokines
could be playing a role in the redistribution of γδ T cells, we assessed the mRNA expression
of the LN homing chemokine CCL21/6Ckine, and its cognate receptor CCR7, in LNs from
SIV+ macaques. At 1 DPI, infected macaque RM1 exhibited increased CCL21/6Ckine mRNA
expression in both the retropharyngeal and cervical LNs, while RM2 experienced increased
CCL21/6Ckine in the retropharyngeal LN (Fig. (5A)). Generally, in macaques RM1 and RM2
the presence of SIV DNA in the LNs (Table 1) was associated with elevated levels of
CCL21/6Ckine mRNA (Fig. (5A)). In macaques assessed at 2 DPI, CCL21/6Ckine expression
remained elevated in both the cervical and retropharyngeal LNs, although reduced in
comparison to 1 DPI (Fig. (5A)). However, at 4 DPI the expression of CCL21/6Ckine mRNA
was generally within the levels observed in uninfected macaques (Fig. (5A)). Gene expression
of the CCL21/6Ckine receptor, CCR7, was also up-regulated in at least one LN from each of
the macaques at 1 DPI and a more substantial increase in expression at 2 days in the
retropharyngeal LNs (Fig. (5B)), suggesting that immune cells may be migrating towards these
lymphoid sites in response to the up-regulation of CCL21/6Ckine. We did not observe that
these results were generally applicable to a wide range of chemokine/receptor pairs as the
expression of the pro-inflammatory chemokine CCL5/RANTES and its receptor CCR5 were
generally within the range observed in uninfected macaques (Figs. (5C–5D)).

It is not possible to address these questions directly in HIV+ patients due to difficulties of
identifying patients at these early time points as well as acquiring mucosal and lymph tissues.
However, we can look to determine if γδ T cells have altered phenotypes in the peripheral
blood of the HIV+ patients, particularly with regard to lymph node homing markers. Therefore,
we undertook an assessment of CCR7 and CD62L (L-selectin) on peripheral blood γδT cells
from chronically infected HIV+ patients. We observed that HIV+ patients had a significantly
decreased percentage of peripheral blood Vδ2neg T cells that express CCR7 when compared
to uninfected individuals (Fig. (6)). Furthermore, a decrease of expression of a second lymph
node homing receptor, CD62L, was also identified in Vδ2 and Vδ2neg γδ T cells compared to
uninfected individuals (Fig. (6)). These results indicate that the reduced percentages of CCR7
+ and CD62L+ previously observed for alpha/beta T cells (both CD4+ or CD8+) from HIV+
patients [29–31] also occurs within the γδT cell population, indicating potential alterations in
lymph node homing in the infected patients.

DISCUSSION
γδ T cells have been assessed in a number of studies involving SIV+ monkeys or HIV+ humans
[14,18,19,32–35]. The study by Tenner-Racz et al identified increased numbers of γδ T cells
at the tonsils of vaccinated macaques [18], indicating that γδ T cell levels might play an
important role in mounting early immune responses at mucosal sites. Our laboratory previously
identified the presence of SIV DNA in oral gingival and esophageal mucosal tissues as early
as 1–2 days after oral SIV inoculation (Table 1), indicating that these mucosal sites are potential
entry points for SIV/HIV [27]. Assessment of γδ T cells in this study determined that decreased
Vδ1 and Vδ2 γδ T cell mRNA levels were observed at the oral gingiva and esophageal mucosa
as early as one and two days after SIV infection (Fig. (1A–1B;3A–3B)). This is in agreement
with a previous report by Chen et al describing a similar loss of γδ T cells in the intestine four,
five or seven days after an intrarectal SIV inoculation [32]. Our study further identified
increased levels of γδ T cell mRNA at these early time points in regional cervical and
retropharyngeal LNs (Fig. (2 and 3)). It is interesting that although we observed dynamic
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changes in γδ T cell mRNA expression, CD4 mRNA levels were generally within the range
identified from uninfected macaques for both mucosal and lymphoid sites (1 to 4 DPI). A loss
in CD4 mRNA was not observed until 7 to 14 DPI, in agreement with reports assessing CD4
T cell depletion at gut-associated lymphoid tissues [1–3,36]. Therefore, these data suggest that
following mucosal SIV-infection the loss of γδ T cells occurs very early from the site of
inoculation (here the oral mucosal tissues), even more rapidly than depletion of CD4+ T cells.

There are a number of hypotheses that might explain the loss of mucosal γδ T cells at early
times following SIV inoculation and infection. The direct infection of γδ T cells with HIV has
been documented in vitro and HIV provirus has been detected in purified γδ T cells [37],
therefore depletion of these cells from direct SIV infection can not be ruled out. In addition,
γδ T cells may be depleted from mucosal sites as a result of activation-induced cell death
(AICD), as the SIV infection can result in an increase in cytokines/chemokines at mucosal sites
[28]. Also, as γδ T cells can recognize and eliminate HIV-infected CD4+ T cells in vitro [12,
34,35], AICD might also be induced by the direct influence of virally infected cells on the γδ
T cells [38,39]. However, the rapid rate at which the γδ T cells are depleted from the mucosa
most likely suggests the hypothesis that γδ T cells are induced to redistribute from the mucosa
to lymphoid sites at very early times post-infection. This redistribution could be driven by the
infection of CD4+ T cells and macrophages at the mucosal sites or possibly from viral products
present in the inoculum.

Lymphoid homing receptors such as CCR7 and CD62L are important for proper LN migration
and are up-regulated by γδ T cells upon TCR stimulation [40,41]. In addition, in vitro γδ T
cells can migrate in response to the LN homing chemokine CCL21/6Ckine [42] and have the
potential to present antigens at lymphoid sites that may impact the adaptive immune response
[40]. Our studies describe an up-regulation of the homeostatic lymphoid chemokine
CCL21/6Ckine mRNA levels by 1 DPI in the cervical and retropharyngeal LNs of SIV-
inoculated macaques (Figure 4). Though CCL21/6Ckine is constitutively expressed by stromal
cells in LNs [26], higher mRNA levels detected here could potentially be induced by the
presence of virus in these secondary lymphoid organs [43,44]. These data are supported by the
finding that CCR7 mRNA levels were also elevated at these same lymphoid sites 2 DPI,
supporting a hypothesis in which γδ T cells and other immune cells may have migrated to these
sites soon after the up-regulation of CCL21/6Ckine. Additionally, both CCL5/RANTES and
CCR5 levels were generally not altered following infection, indicating that redistribution of
γδ T cells was not in response to pro-inflammatory chemokines. The concept that γδ T cells
home to lymph nodes within a few days following oral SIV infection is comparable to studies
indicating that dendritic cells can migrate from the vaginal mucosa to secondary lymph nodes
within 24-hours post-SIV infection [45,46]. Moreover, our results provide evidence for a rapid
but transient up-regulation of CCL21/6Ckine mRNA within the first 2 DPI, which is faster
than previous studies describing an up-regulation of CCL21/6Ckine at 14 DPI [26]. Similarly,
the increased CCR7 mRNA expression observed here at 2 and 4 days post-infection is more
rapid than shown in a previous study that identified increased CCR7 mRNA levels in lymph
nodes at 14 DPI [26]. However, this increase may be transient as during chronic infection CCR7
and CCL21/6Ckine mRNA expression in the LNs of SIV+ macaques was similar to or
decreased compared to their uninfected counterparts [26]. The up-regulation of CCL21/6Ckine
and CCR7 in the draining lymph nodes early after SIV infection provides further evidence to
support the redistribution hypothesis whereby γδ T cells and probably other immune cells
migrate rapidly to secondary LNs at very early time points following oral SIV infection. The
increase in Vδ1 γδ T cells at lymphoid sites suggests migration from a mucosal tissue, such as
the oral mucosa or intestinal mucosa, where the majority of Vδ1 gd T cells reside. Further, the
generally unchanged levels of Vδ1 and Vδ2 in the peripheral blood provides evidence that any
migration of γδ T cells occurs through lymphatics and not via the blood. Although further
studies are needed, these data suggest that γδ T cells may be activated upon recognition of

Kosub et al. Page 6

Curr HIV Res. Author manuscript; available in PMC 2009 November 16.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



mucosal SIV, and likely HIV, infection to migrate to regional LNs and prime the adaptive
immune response.

The ability of γδ T cells to home to LNs during acute SIV/HIV infection may be important for
the establishment of an adaptive immune response. To ascertain if our findings in the SIV/
macaque model might also be occurring in HIV infected patients we undertook an assessment
of the levels of LN homing receptors on peripheral blood γδ T cells. Though our analysis was
limited to peripheral blood of chronically infected HIV+ patients (not undergoing HAART)
we did observe a reduced percentage of γδ T cells expressing lymph node homing receptors
CCR7 and CD62L (Fig. (6)). This reduced percentage of γδ T cells expressing LN receptors
in the peripheral blood of HIV+ patients could be due to increased rate of migration of these
cells to LNs, or to a defect in the ability of γδ T cells from HIV+ patients to express these
proteins. These results from chronically infected HIV+ patients provides evidence that the HIV
infection is influencing the migratory ability of γδ T cells. While it is likely that migration of
γδ T cells during the acute stage of infection might be beneficial, it is not known whether this
same migration during the chronic stages of infections would be beneficial to the host or to
viral replication.

The results in this study reveal a loss of γδ T cell mRNA at mucosal sites within the first four
days after pathogenic SIV infection prior to the depletion of CD4+ T cells. Additionally, the
migration of γδ T cells from the mucosa to LNs at these early time points may be in response
to the chemokine CCL21/6Ckine. We speculate that this anti-viral response may be the result
of γδ T cells processing viral antigens at the mucosal surface and then migrating towards the
regional LNs to function as antigen presenting cells to CD4+ and CD8+ T cells, as observed
in vitro [40]. Alternatively, the γδ T cells may home to these regional LNs in an attempt to
control the rapid systemic spread of the virus, possibly through the expression of β-chemokines
to interfere with viral co-receptor binding [19]. Previous studies have identified γδ T cells as
playing a role during both oral [18] and rectal [19] mucosal transmission events. These studies,
including ours, suggest that γδ T cells may have a protective role in preventing a pathogenic
HIV/SIV infection at mucosal surfaces. Therefore, vaccine and microbicide development
should consider the levels and migratory capacity of γδ T cells, and other innate immune cells,
at mucosal sites to aid in the development of more effective strategies to prevent HIV infections.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Decreased Vδ1 and Vδ2 γδ TCR mRNA expression at the oral gingiva and esophageal
mucosa during acute SIV infection
The fold change in Vδ1, Vδ2, and CD4 gene expression was assessed in oral (A and C) and
esophageal (B and D) mucosal tissues of SIV+ rhesus macaques necropsied at the designated
days following oral SIV inoculation. The mRNA levels shown are reported as fold change with
regard to the average of mRNA levels in matched samples of four uninfected macaques. The
grey shaded area represents a two standard deviation range of the average expression in
uninfected macaques for Vδ1 (white bars) and Vδ2 (black bars) γδ T cells. Bars extending
beyond the grey shaded area represent samples that are increased or decreased with regard to
the uninfected controls.

Kosub et al. Page 11

Curr HIV Res. Author manuscript; available in PMC 2009 November 16.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2. Increased Vδ1 and Vδ2 γδ TCR mRNA expression detected in the cervical and
retropharyngeal LNs during acute SIV infection
The fold change in Vδ1, Vδ2, and CD4 gene expression was assessed in the cervical (A and
D), retropharyngeal (B and E), and axillary (C and F) lymph nodes of SIV+ rhesus macaques
necropsied at the designated days following oral SIV inoculation. Changes in Vδ1 TCR
expression are in white bars while changes in Vδ2 TCR expression are in black bars. The
mRNA levels shown are reported as fold change with regard to the average of mRNA levels
in matched samples of four uninfected macaques. The grey shaded area represents a two
standard deviation range of the average expression in uninfected macaques. Bars extending
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beyond the grey shaded area represent samples that are increased or decreased with regard to
the uninfected controls.
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Figure 3. Decreased Vδ1 and Vδ2 γδ TCR mRNA expression at the oral gingiva and esophageal
mucosa at 7 and 14 days post-oral SIV infection
The fold change in Vδ1, Vδ, and CD4 gene expression was assessed in oral gingiva and
esophageal mucosa as well as the cervical and retropharyngeal lymph nodes at 7 (A and C)
and 14 (B and D) days following SIV oral inoculation from samples obtained at necropsy.
Changes in Vδ1 TCR expression are in white bars while changes in Vδ2 TCR expression are
in black bars (A, B), mRNA expression of CD4 is also depicted (C, D). The mRNA levels
shown are reported as fold change with regard to the average of mRNA levels in matched
samples of four uninfected macaques. The asterisks (*) represent gene expression that was
outside of the two standard deviation range determined from uninfected macaques.
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Figure 4. Assessment of Vδ1 and Vδ2 mRNA levels within the peripheral blood during acute SIV
infection
Quantitative real-time PCR was utilized to assess the mRNA levels of (A) Vδ1 and (B) Vδ2
in PBMC obtained from macaques analyzed throughout this study (RM1 – RM6) as well as
from other macaques that had been orally inoculated with the same SIV isolate from which
blood samples were available. Timepoints examined include 1 day post-infection (DPI), 2 DPI,
4 DPI, 7 DPI and 14–15 DPI. The mRNA levels shown are reported as fold change with regard
to the average of mRNA levels in matched samples of seven uninfected macaques. The grey
shaded area represents a two standard deviation range of the average expression from
uninfected macaques. Bars extending beyond the grey shaded area represent samples that are
increased or decreased with regard to the uninfected controls.
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Figure 5. Increased CCL21 and CCR7 mRNA expression at the cervical and retropharyngeal LNs
during acute SIV infection
Quantitative real-time PCR was utilized to assess the mRNA levels of (A) CCL21/6Ckine, (B)
CCR7, (C) CCL5/RANTES and (D) CCR5 in the retropharyngeal (white bars) and cervical
(black bars) LNs obtained at necropsied at the designated days following oral SIV inoculation
of macaques. The mRNA levels shown are reported as fold change with regard to the average
of mRNA levels in matched samples of four uninfected macaques. The grey shaded area
represents a two standard deviation range of the average expression from uninfected macaques.
Bars extending beyond the grey shaded area represent samples that are increased or decreased
with regard to the uninfected controls.
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Figure 6. Decreased percentage of γδ T cells from HIV+ patients expressing CCR7 and CD62L
Peripheral blood mononuclear cells from uninfected (n=13) and HIV+ (n=14) patients were
assessed utilizing flow cytometry to identify the percentage of Vδ2+ and Vδ2neg γδ T cells
expressing either CCR7 or CD62L. The percentage of Vδ2+ (white bars) or Vδ2neg (black
bars) cells expressing either CCR7 or CD62L are shown. CCR7 expression (left panel) was
significantly decreased on Vδ2neg γδ T cells in HIV+ patients compared to uninfected controls.
CD62L expression (right panel) was significantly decreased on both Vδ2+ and Vδ2neg γδ T
cells in HIV+ patients compared to uninfected controls. A Mann-Whitney t test at a 95%
confidence interval was utilized to determine statistical significance (p < 0.05) between the
uninfected and HIV+ groups.
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Table 2
Sequences of Primers and Probes Utilized for Quantitative Real-Time PCR

qRT-PCR was performed utilizing primers and probes specific for rhesus macaque genes. GI# - GenBank
accession number; Forward – forward primer; Reverse – reverse primer; FAM – 6’ carboxyfluorescein; TAMRA
- 6-carboxytetramethylrhodamine

Gene GI # Real-time PCR Sequence

Vdelta 1
(Vδ1)
TCR

339381

Forward 5'-TCG CCT TAA CCA TTT TAG CC-3'
Reverse 5'-ACC GGA TGG TTT GGT ATG AGG T-3'

Probe 5'-FAM-TAC AGC TAG AAG ACT CAG CAA CAT ACT TCT GTG CTC
T-TAMRA-3'

Vdelta 2
(Vδ2)
TCR

37314

Forward 5'-GAG AAC CAG GCT GTA CTT AAG ATC CTT-3'
Reverse 5'-TGA CGA AAA CGG ATG GTT TG-3'

Probe 5'-FAM-AGA GAG AGA TGA AGG GTC TTA CTA CTG TGC CAG TG-
TAMRA-3'

CD4 393417

Forward 5'-CCA CTG GAA AAA ACT CCA ACC A-3'
Reverse 5'-CGA TCG CTC AGC TTG GAT G-3'

Probe 5'-FAM-AAA GAT TCT GGG AAT TCA GGG CTC CTT CTT AAC TAA
-TAMRA-3'

CCL21 /
6CKine 74136270

Forward 5'-TAC CGG AAG CAG GAA CCA AG-3'
Reverse 5'-CTG CTC CAT CCC AGC TAT CCT GTT CTT G-3'
Probe SYBR Green

CCR7 74136330
Forward 5'-GGG GAA ACC AAT GAA AAG T-3'
Reverse 5-GTG ACC TCA TCT TGA CAC AGG C-3'
Probe Probe # 77 (Roche – Universal Probe Library)

CCL5 /
RANTES 74136260

Forward 5'-ACC AGT GGC AAG TGC TCC A-3'
Reverse 5'-GGT TGG CAC ACA CTT GGC G-3'
Probe 5'-FAM-CAA GCA GTC GTC GTC TTT GTC ACC CGA AA-TAMRA-3'

CCR5 116812906
Forward 5'-TAC CTG CTC AAC CTG GCC AT-3'
Reverse 5'-TTC CAA AGT CCC ACT GGG C-3'
Probe 5'-FAM-CCT GCT TTT CCT TCT TAC TGT CCC CTT CTG-TAMRA-3'

GAPDH 93004459
Forward 5'-GCA CCA CCA ACT GCT TAG CAC-3'
Reverse 5'-TCT TCT GGG TGG CAG TGA TG-3'
Probe 5'-FAM-TCG TGG AAG GAC TCA TGA CCA CAG TCC-TAMRA-3'
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