The Gastrointestinal Tract in
HIV-1 Infection: Questions,
Answers, and More Questions!
Recent studies in hiv-1 infected individuals have demonstrated that
the gastrointestinal (gi) tract is preferentially and profoundly affected
during acute and chronic hiv-1 infection. These findings shed light
on early postinfection events at mucosal sites. In addition, they raise
important questions regarding the long-term impact of immune
depletion within the gi tract on hiv-1 pathogenesis. The following
review summarizes recent studies that have brought the gi immune
system to the forefront of hiv research.

The Gastrointestinal Tract as an Immunologic Organ
The primary function of the gi tract is digestion, absorption, and
assimilation of nutrients (Table 1). To maximize the efficiency of
digestive function, the gi tract has evolved such that it has the largest
surface area among all organs. In fact, the 400 m2 surface area of
the gi tract is about 200 times larger than the surface area of the
entire skin.1 Having such a large surface in close proximity to the
external environment necessitates that a large complement of immune
cells—both innate and adaptive—be deployed at mucosal surfaces.
Indeed, gi-associated lymphoid tissue constitutes the largest immune
compartment in the body. It is estimated that T cells associated with
the small intestinal epithelium alone may account for more than 60%
of the total body lymphocytes.2
Table 1.

Salient Features of the Gastrointestinal Immune System

The largest reservoir of immune cells in the body.
Organized into:
• Immune inductive sites—pps (small intestines), lymphoid
aggregates (large intestines), and mlns (both small and large
intestines).
• Immune effector sites—lpls and iels.

• T-cell education is initiated in immune inductive sites such as mlns.
• “Homing” signals are imparted to T cells, likely within the
immune inductive sites, following which, T cells egress into
systemic circulation and return to the effector compartment of
the gi tract to discharge their effector function.
gi indicates gastrointestinal; pps, Peyer’s patches;
mlns, mesenteric lymph nodes; lpls, lamina propria lymphocytes;
iels, intraepithelial lymphocytes.
Immune cells in the gi tract are organized into distinct anatomic
and functional subcompartments (Figure 1).3 These are classified as
immune inductive sites, considered as sites of T cell education, and

immune effector sites, where T cells neutralize foreign antigens—both
microbial and nonmicrobial. Immune inductive sites are comprised
of Peyer’s patches (pps) and mesenteric lymph nodes (mlns). Peyer’s
patches have the anatomic appearance of secondary lymphoid organs,
with clearly defined T- and B-cell–dependent areas. A single layer
of epithelial cells separates the pps from the intestinal lumen. This
epithelial cell layer contains specialized cells called M cells in addition
to conventional enterocytes. It appears that the function of M cells is
transport of antigen into immune inductive sites resulting in initiation
of T-cell education and maturation. It is believed that further maturation
of T cells continues within mlns that drain gi mucosal tissue. It
is thought that mlns are the crossroads of systemic and mucosal
immunity. Within the mlns, lymphoid cells from mucosal and systemic
immunity interact, T-cell maturation continues, and it is likely that
critical issues of gut homeostasis are determined as outlined below.
Immune effector sites may be thought of as the battlegrounds where
terminally differentiated T cells perform effector function, neutralizing
antigen and protecting the host against invading pathogens. Effector
site lymphocytes can be subclassified into lamina propria lymphocytes
(lpls) and intraepithelial lymphocytes (iels). As detailed below, lpls
have a unique phenotype—these cells are terminally differentiated
effector T cells that have pathways of stimulation that are different from
peripheral blood T cells. For example, it appears that lpls proliferate
at relatively low levels in response to antigen or other T-cell antigen
receptor (TcR)–dependent stimuli.4, 5 In contrast, lpls secrete large
amounts of effector cytokines, such as ifn- , il-4, and il-5,4, 6 and have
a unique requirement for cd2-dependent pathways of activation.7 The
iels also constitute a unique population of lymphocytes in the body.
More than 80% of iels are cd8+ and a substantial proportion of iels
express the cd8
homodimer in contrast to the cd8
heterodimer
expressed on a majority of peripheral blood cd8+ lymphocytes.2,8,9
It is believed that after encountering antigen in the inductive
compartment, lymphocytes egress into the systemic circulation, where
further maturation and differentiation occurs. These differentiated, effector
memory (TEM) cells migrate back to the effector sites and await stimulation
to discharge effector function.3,10 This is regulated by the coordinated
interaction of various cell surface molecules on the T cell with their
respective ligands on the surface of vascular endothelial cells in the gi
tract. T cells expressing
-integrin,11
-integrin12 and c-c chemokine
13
receptor 9 (ccr9) (Figure 1) are perhaps the best characterized in terms of
homing potential to the gi tract. The ligand for
-integrin is mucosal
vascular– addressin cell-adhesion molecule 1 (madcam-1),11 which is
expressed under steady-state conditions by endothelial cells in the gi tract
and associated lymphoid tissues.14 Intestinal intraepithelial lymphocytes
and a subset of lpls express
-integrin, the ligand for which is Ehi
cadherin,15 located on intestinal epithelial cells. A subset of circulating
T cells selectively express ccr9. The ligand for ccr9, cc-chemokine ligand
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The effector compartment consists of lamina-propria lymphocytes and the iels. M cells act as
specific entry ports for antigen, facilitating the uptake of luminal antigens and their subsequent
delivery to the initiation compartment of the organized lymphoid tissues, including the
pps and the mlns. Naive T cells activated in the pps and mlns upregulate expression of
the integrin
, which interacts with madcam1, expressed on the endothelium of the
intestinal-tissue hevs, thereby facilitating homing to the mucosal effector compartments. The
chemokine ccl25, which is produced by epithelial cells of the small intestine, is also involved
in the migration of lymphocytes to the intestinal mucosa, and its receptor, ccr9, is expressed
by almost all lymphocytes of the small intestine. The integrin
is expressed by iels and
interacts with E-cadherin, which is expressed by the epithelial cells, facilitating tethering of
the iels to the intestinal epithelium.

hiv-1 infection. Indeed, certain characteristics of the
mucosal compartment render it extremely permissive
to hiv-1 infection and supportive of hiv-1 replication.
Compared with circulating lymphocytes, a greater
percentage of these mucosal cd4+ lymphocytes express
the ccr5 chemokine coreceptor (Figure 2).24-26 The
percentage of mucosal cd4+ cells that coexpress ccr5
and cxcr4 chemokine receptors is also substantially
greater than that seen in the blood. 26 Additionally,
due to their proximity to the external environment
and constant exposure to myriad food and microbial
antigens, a predominant number of gi mucosal
cd4+ T cells are activated and well differentiated with
a memory phenotype.27, 28 Lastly, the gi mucosa is
maintained in a state of physiologic inflammation
characterized by a high percentage of proinflammatory,
hiv-1 stimulatory cytokines.29

Effect of Simian Immunodeficiency
Virus Infection on CD4+ T Cell Depletion
in Simian Immunodeficiency
Virus–Infected Macaques

The study of the human gi tract during acute hiv-1
infection is challenging. It is fraught with difficulties
in identifying individuals during acute infection, and
the added complexity of obtaining gi biopsy specimens
in the face of psychologic and physical complications
associated with acute hiv- 1 infection (Table 3).
Consequently, initial work in this area emerged from
the simian immunodeficiency virus (siv)–macaque
model. A striking depletion of intestinal cd4+ T cells
was noted in macaques within days of siv infection,
at a time when little or no cd4+ T cell depletion was
evident in the peripheral blood or lymph nodes (Figure
3).30 Furthermore, intestinal cd4+ T cell depletion
iels indicates intraepithelial lymphocytes; pps, Peyer’s patches; mlns, mesenteric lymph
occurred regardless of whether viral inoculum was
nodes; madcam1, mucosal addressin cell-adhesion molecule 1; hevs, high endothelial
intrarectally or intravenously delivered. 30 These
vessels; ccl25, cc-chemokine ligand 25.
studies were subsequently extended to demonstrate
From Cheroutre H, Madakamutil L. Acquired and natural memory T cells join forces at the mucosal front line. Nat
that gi lymphocyte depletion occurs in all stages
Rev Immunol. Apr 2004;4(4):290-300.3 Adapted by permission from Macmillan Publishers Ltd.
of siv infection, including acute infection.31 Recent
data obtained from the siv-macaque model provide
startling insights into the degree of gi cd4+ T-cell
25 (ccl-25), is constitutively and selectively expressed by epithelial cells
infection and depletion as well. Studies by Mattapallil
of the small intestine.3,16,17 Expression of gi-specific homing markers
and colleagues32 and Li and coworkers,33 demonstrate rapid infection
is induced following priming of T cells in mlns and other secondary
and destruction of gi memory cd4+ T cells within days of infection
18-20
lymphoid organs draining the gi tract. Recent data demonstrate that
with siv. The former study suggests that, at peak viremia (day 10), as
mln resident dendritic cells are necessary and sufficient in the induction
many as 60% of gi memory cd4+ T cells may be infected with siv32
19
of gi-associated homing receptors.
and that these cells are lost within 14 days of infection. In contrast, Li
and coworkers propose that cd4+ T-cell depletion is secondary to virustriggered, Fas-Fas ligand–mediated apoptosis. It is likely that cd4+ T-cell
Susceptibility of the Gastrointestinal Tract to
destruction is multifactorial and is caused by virus-induced cytolysis
HIV-1 Infection
and apoptosis, as well as by the host’s own cytotoxic T lymphocyte (ctl),
The majority of hiv transmissions worldwide occur across a mucosal
natural killer (nk)–cell responses. Further work needs to be done to
surface such as the anorectal mucosa, vaginal mucosa and, less
resolve this issue.
frequently, the oral mucosa (Table 2).21,22 hiv-receptive cells have been
found in the lamina propria of rectal, cervicovaginal, foreskin, urethral,
and oral epithelia in primate models.23 Examining the phenotype of
mucosal lymphocytes is critical in understanding host susceptibility to
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Mechanisms of Gastrointestinal CD4
T-Cell Depletion in HIV-1 (and SIV) Infection
Table 3.

+

(A) Representative flow cytometry plots outlining chemokine receptor expression on lymphocytes derived from the peripheral blood (upper panel) and the gi tract (lower panel).
(B) Analyses of chemokine receptor expression in 13 subjects without hiv infection.
The x axis outlines the chemokine receptor phenotypes (cxcr4+ ccr5–, cxcr4+ ccr5+, and
cxcr4–ccr5+), while the y axis specifies the percentage of the lymphocyte population with
that phenotype. This figure demonstrates that a majority of blood-derived lymphocytes
(pbmc) express cxcr4 alone (80 –90%) and a minority (10 –20%) coexpress cxcr4/ccr5
chemokine receptors. In contrast, a majority of gi tract– derived lymphocytes (mmc)
coexpress cxcr4/ccr5 (60 –70%), rendering them susceptible to ccr5-tropic hiv-1 strains
that predominate in early infection.

siv, simian immunodeficiency virus; nk, natural killer.

pb indicates peripheral blood; gi, gastrointestinal; pbmcs, peripheral blood mononuclear
cells; mmcs, mucosal mononuclear cells.
From Poles MA, Elliott J, Taing P, Anton PA, Chen IS. A preponderance of ccr5+ cxcr4+ mononuclear cells
enhances gastrointestinal mucosal susceptibility to human immunodeficiency virus type 1 infection. J Virol. Sep
2001;75(18):8390-8399.26 Reprinted with permission from the American Society of Microbilogy and the author.

Effect of HIV Infection on CD4+ T Cell Depletion in Humans
Studies conducted during the 1990s indicated that intestinal cd4+ T-cell
depletion may be an early feature of hiv-1 infection as well,34 and that
intestinal cd4+ T-cell depletion is more substantial than depletion of
cd4+ T cells in the peripheral blood.35 However, such studies were not
conducted in patients identified during acute infection. Along with 2 other
groups, we have recently demonstrated that during acute hiv-1 infection,
a preferential and profound depletion of cd4+ T cells occurs within the gi
tract.36-38 In the first of these studies, Guadalupe and coworkers described
2 individuals with acute hiv-1 infection in which significant cd4+ T-cell
depletion occurred within approximately 4 to 6 weeks of infection (P<.05).36
Brenchley and colleagues studied 1 individual with acute hiv-1 infection
(infected for <1 mo) and 4 individuals with early hiv-1 infection (duration
of infection was 4 – 9 mo).38 In all 5 subjects, a preferential cd4+ T-cell
depletion was noted in the intestines. In fact, significant gi cd4+ T-cell
depletion was characteristic of all stages of hiv-1 infection (P<.05).37, 38

Our initial focus was to describe changes within the gi tract
of individuals with acute and early hiv-1 infection. To this end, 13
individuals identified during acute (n=7) and early (n=6) infection were
studied. Mean cd4+ T-cell percentage in the gi tract was 15.7±3.6%
compared with a mean of 42.3±14.7% (P<.001). Thus, in all subjects,
profound cd4+ T-cell depletion was observed in the gi tract, and was
significantly greater than depletion in the peripheral blood (P<.05)
(Figure 4). Since then, we have extended our studies to 44 subjects
with acute and early hiv-1 infection and have observed far greater
cd4+ T-cell depletion in the intestines compared with the peripheral
blood. Having demonstrated a striking cd4+ T-cell depletion within
the gi tract, the subsets of cd4+ T cells where this depletion was most
prominent were examined. Since a majority of intestinal cd4+ T cells
express ccr5,25 and given that viruses, during the early stages of hiv-1
infection, are predominantly ccr5 tropic,39 it was not surprising that
both Brenchley and colleagues and we, both observed gi lymphocyte
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nk-cell responses.
Picker and coworkers have studied the
CD4+
relationship between mucosal and systemic cd4+
T-cell dynamics and disease progression.40 Rhesus
Figure 3. The Effect of SIV Infection on Intestinal CD4+ T cells.
macaques were infected with either ccr5-tropic
The flow cytometry dot plots compare lymphocytes isolated from the intestinal lamina
sivmac239 or a cxcr4-tropic variant of sivmac155T3.
propria (jejunum lpl) with those from the axillary ln from a normal uninfected macaque and
As expected, those infected with ccr5 tropic virus
from macaques infected with sivmac239 at 7 and 21 days postinfection. Each set of top and
demonstrated profound depletion of TEM cells
bottom panels corresponds to the same animal. Each dot represents a cell. cd4+ T cells are
associated with initial peak viremia of 107 to 108 rna
represented on the horizontal axis and cd8+ T cells on the vertical axis. Dots in the upper right
copies. Interestingly, this was followed by a prompt
quadrant of each flow plot represent cells that coexpress cd4 and cd8 receptors. This figure
proliferative response in the cd4+ T-cell memory
demonstrates that the percentage of cd4+ T cells in the intestinal lamina propria dramatically
population, documented by both Ki67 staining
decreases, from 67% in the uninfected animals to 6% 21 days postinfection. In contrast, the
as well as accelerated decay of BrdU labeling.
percentage of cd4+ T cells in lymph nodes of these animals remained unchanged.
Although macaques infected with cxcr4-tropic
virus had markedly high levels of peak viremia and
siv indicates simian immunodeficiency virus; lpl, lamina propria lymphocytes; ln, lymph
rapid and profound drops in peripheral cd4+ T-cell
node.
counts, they were clinically indistinguishable from
From Veazey RS, DeMaria M, Chalifoux LV, et al. Gastrointestinal tract as a major site of cd4+ T cell depletion and
the remaining macaques. However, a subset of
viral replication in siv infection. Science. Apr 17 1998;280(5362):427-431.30 Reprinted with permission from American
sivmac239-infected macaques progressed to simian
Association for the Advancement of Science (aaas).
aids within 200 days of infection. In these animals,
the proliferative burst in the memory cd4+ T-cell
+
+
depletion to be most prevalent among the ccr5 subsets of cd4
population could not be sustained beyond day 42 of
T cells.37, 38 In addition, we have observed marked cd4+ T-cell depletion in
infection. It would therefore appear that lack of preservation of mucosal
the effector sites (lamina propria) of the gi tract with relative sparing of
immunity is associated with early disease progression in this model. In
the inductive sites (organized lymphoid tissue). In contrast, however, hivaddition, it would appear that the ability to maintain the proliferative
1 rna was localized to the inductive sites. This discrepancy may possibly
burst of cd4+ memory T cells, presumably from either the naïve T-cell or
be best explained by loss of target cells in the effector compartment.
central memory population, is a key determinant in siv pathogenesis.
Hypothetically, if a subject could be examined within the first 7 to 10 days
We have also explored putative virologic and immunologic factors
of infection, viral rna would be evident in the effector compartment as
associated with gi cd4+ T-cell depletion and conclusively demonstrated,
well, prior to the annihilation of the resident cd4+ cells.
using pcr–based methods, that the hiv-1 viral burden—both proviral dna
and hiv-1 rna—is consistently greater in the gi cd4+ T-cell population
when compared with the peripheral blood cd4+ T cells (Figure 5).41 By
Mechanisms of Intestinal CD4+ T-Cell Depletion
combining in situ hybridization and immunohistochemistry, we found
Recent data obtained from the siv-macaque model provide startling
both activated and nonactivated cells expressing hiv-1 mrna at days 18 to
insights into the degree of gi cd4+ T cell infection and depletion as well.
19 postinfection.
The aforementioned studies by Mattapallil32 and Li,33 working with their
Furthermore, high levels of virus in the gi tract were observed to be
colleagues, demonstrate rapid infection and destruction of gi memory cd4+
associated with activation and proliferation of mucosal lymphocytes and
T cells within days of infection with siv. As mentioned, the former study
a rather dramatic increase in cytotoxic cells, both cd8+ and cd8–. Levels
suggests that, at peak viremia (day 10), as many as 60% of gi memory
of immune activation, as indicated by cd38 expression on T cells, has
cd4+ T cells may be infected with siv32 and that these cells are lost within
long been known to be a major prognostic indicator in patients infected
14 days of infection. This results in profound immunodeficiency that
with hiv-1, particularly in the era preceding highly active antiretroviral
begins within days of infection, not months to years as was previously
therapy (haart).42, 43 We have demonstrated that during acute and early
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The Preferential Depletion of Gastrointestinal CD4+ T Cells During Acute and Early HIV-1 Infection.

pbmcs and mmcs from the rectosigmoid region from subjects with acute and early hiv-1 infection (n=13), and uninfected controls (n=10) were analyzed
by flow cytometry. cd3+ gated lymphocytes were analyzed for the expression of cd4 and cd8. (I) A representative flow plot is depicted. cd8+ T cells are
shown on the x axis and cd4+ T cells are shown on the y axis. (II) Comparison of cd4+ T cells in the blood and gi tract of all 13 subjects with acute and
early infection. The percent of cd4+ T cells is compared between blood (yellow) and gut (red) per study subject. (III) Immunohistochemical characterization of the immune effector and inductive sites in the rectal biopsies. (A) At a magnification of 25×, a Giemsa-stained section is shown depicting
a lymphoid nodule (inductive site) where the gc and T are indicated. The effector compartment represented by the lp is seen in the lower part of the
section. (B and C) The inductive sites are densely populated with cd4+ T cells (stained red) in subjects with both acute and early hiv-1 (B) and subjects
who are uninfected (C) (shown at a magnification of 40×). (D and E) Effector sites in acute and early hiv-1 infection (D) show substantial depletion of
cd4+ T cells (stained red) compared with uninfected controls (E) (shown at a magnification of 100×).
gi indicated gastrointestinal; pbmcs, peripheral blood mononuclear cells; mmcs, mucosal mononuclear cells; gc, germinal center; T, T cell zone; lp,
lamina propria.
Reproduced from The Journal of Experimental Medicine, 2004, 200:761-770.37 Copyright 2004 The Rockefeller University Press.
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gi cd4+ T cells harbor a greater viral burden than pb
cd4+ T cells during acute and early hiv-1 infection.
pbmc and mmcs from subjects with acute and early
hiv-1 infection were sorted via flow cytometry with
>99.5% purity. hiv-1 viral dna and rna levels were
quantified and compared between gi and pb cd4+ T
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the mmcs.
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mucosal mononuclear cells; gapdh, glyceraldehyde3-phosphate dehydrogenase.
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infection (aei), there is a substantial increase in activated memory cells
(cd45ro+/cd38+) within the gi tract (Figures 6 and 7). While this, in itself,
is not surprising, the observation can have 2 potential consequences.
Firstly, most mucosal cells are terminally differentiated effector
cells and are much more likely to apoptose when activated than are
peripheral blood derived naïve cells. Therefore, given that about twothirds of mucosal cd4+ T cells express markers of activation (cd38)
during acute infection, it is likely that activation-induced cell death plays
an important role in gi cd4+ T-cell depletion in this setting. Secondly,
activated cd4+ T cells represent the “preferred cellular targets” for hiv1.44,45 Thus, it would appear that hiv-1 infection generates an expanding
population of cellular targets within the gi tract by triggering activation
of densely packed mucosal mononuclear cells (Figure 7).
Based on these observations, we have proposed that mucosal cd4+ T-cell
depletion during aei is multifactorial, and is due to (although not limited
to) a combination of direct viral infection, activation-induced cell death, and
host-derived cytotoxic cellular response. During acute and early infection
with hiv-1, gi cd4+ lymphocytes are believed to be preferentially infected and
have a greater viral burden compared with pb cd4+ lymphocytes (Figure 7).
Although our studies represent snapshots of postpeak viremia events, the
fact that up to 102-fold–greater hiv-1 rna levels were observed in gi cd4+
T cells compared with pb cd4+ T cells is consistent with the concept that
the gi tract preferentially supports early events during acute infection.
This is likely due to the presence of densely clustered memory cd4+ T cells
expressing high levels of ccr5 in the gi tract (Figure 7).26, 28

The Effect of Antiretroviral Therapy on Gastrointestinal
Immune Reconstitution
The development and evolution of haart has resulted in the ability to
achieve durable control of viral replication and preservation of immune
function in the majority of treated subjects with relatively simple
and minimally toxic treatment regimens.46-51 Given that the gi tract
harbors the largest collection of immune cells in the body, it is critical
to assess for immune reconstitution with antiretroviral therapy in this
compartment. However, there are rather conflicting and limited data on
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(A) Representative flow cytometry plots comparing activated memory cells
between an uninfected control (upper panels) and a subject with acute hiv-1
infection (lower panels). pbmcs (left column) and mmcs (right column) were
initially identified on the basis of forward and side scatter characteristics.
cd3+/cd4+ gated pbmc and mmcs were then analyzed for the expression
of cd45ro (x axis) and cd38 (y axis). (B) Cumulative data from uninfected
controls and subjects with Cumulative data from uninfected controls and
subjects with acute and early hiv-1 infection comparing activated memory
comparing activated memory cd4+ T cells (cd3+/cd4+ gated pbmcs and
mmcs coexpressing cd45ro and cd38, depicted on the y axis). This figure
shows that, in subjects with acute and early hiv-1 infection, the lymphocytes
derived from the gi tract have significantly higher levels of immune activation compared with lymphocytes derived from the peripheral blood.
gi indicates gastrointestinal; pbmcs, peripheral blood mononuclear cells;
mmcs, mucosal mononuclear cells.
From Mehandru S, Poles MA, Tenner-Racz K, et al. Mechanisms of gastrointestinal cd4+
T-cell depletion during acute and early human immunodeficiency virus type 1 infection.
J Virol. Jan 2007;81(2):599-612.41 Reprinted with permission from the American Society of
Microbiology and the author.

the reconstitution of the gi immune system with potent antiretroviral
therapy, particularly when treatment is initiated during acute and early
hiv-1 infection.
Guadalupe and coworkers have reported that, of 2 patients treated
during primary hiv-1 infection, near complete mucosal reconstitution
occurred in 1 subject whereas the second showed incomplete restoration
despite 5 years of antiretroviral therapy.36 The same group concluded from
the study of siv-infected macaques that cd4+ T cell reconstitution in the
gi tract could be achieved to near-complete levels if antiretroviral therapy
was initiated during primary siv infection, but not later.52 Eight patients
studied cross-sectionally 6 months to 5 years after the initiation of therapy
during acute and early infection suggested that, despite therapy, cd4+ T cell
depletion persisted in the gi mucosa.37 To conclusively address this issue, we
undertook a comprehensive study to determine the effects of antiretroviral
therapy initiated during acute and early hiv-1 on reconstitution of the
gi immune system. We prospectively followed 18 individuals identified
and treated during aei, and performed serial rectosigmoid biopsies
prior to and up to 32 months posttreatment initiation. In addition, cross-
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Figure 7.

Proposed Model of Immune CD4+ T-cell Depletion in the Gastrointestinal Tract During Acute and Early HIV-1 Infection.

The sequence of events that culminate in profound mucosal cd4+ T cell depletion are depicted in a series of 4 panels here. Panel I shows a simplified
representation of lamina propria lymphocytes separated from the intestinal lumen by a single layer of epithelial cells. cd4+ T cells are shown in pink
and cd8+ T cells in blue. We have emphasized dense clustering of lymphocytes in close proximity to the external environment here. Panel II shows hiv
in the intestinal lumen and lamina propria. On the left side of the panel, a virion fusing with a cd4+ T cell membrane is depicted. In panel III, lamina
propria cd4+ T cells are shown producing virus particles at peak viremia. Panel IV shows the sequalae of primary hiv-1 infection with emphasis on the
profound loss of intestinal cd4+ T cells.
Images and virus models created by Louis E Henderson, PhD.
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Persistent Depletion of CD4+
T Cells in the Majority of Patients
Despite Long-term, (Apparently)
Suppressive Antiretroviral Therapy.
Figure 8.

Immunohistochemical characterization
of immune-inductive and effector sites
in rectal biopsies. (A) cd4+ T cells per
unit area were determined in organized
lymphoid tissue (immune inductive sites,
left panel) and lp (immune effector sites,
right panel). Mean cd4+ T cell numbers
were compared between hiv-uninfected
(red boxes), acute and early infection
(green boxes), and patients treated for up
to 1 y (blue boxes), 1-3 y (brown boxes),
and 3-7 y (purple boxes). In these plots,
the boxes extend from the first to the
third quartiles, enclosing the middle 50%
of the data. The middle line within each
box indicates the median of the data,
whereas the vertical line extends from the
10th to the 90th percentile. Means of the
data are represented by filled-in squares.
(B) A biopsy section (viewed at 40× magnification) from an uninfected control
participant, showing cd4+ T cells (stained
red) within the gi lamina propria (panel
I). In contrast, a pronounced reduction
in lp cd4+ T cells is noted in a patient
with acute and early hiv-1 in panel II,
which does not correct despite antiretroviral therapy for 2 y in the same patient
(panel III). Another representative study
patient is presented, where lp cd4+ T-cell
depletion during acute and early hiv-1
(panel IV) does not correct after antiretroviral therapy for 1 y (panel V).
aei indicates acute and early infection; lp,
lamina propria; gi, gastrointestinal.

sectional studies were performed on a total of 22 individuals who were
also treated during aei.53 This study demonstrated that in 70% of the
cohort, cd4+ T cells did not reconstitute in the lamina propria of the gi tract
despite uninterrupted, apparently suppressive antiretroviral therapy for
up to 5 to 7 years. Based on immunohistochemistry, it was estimated that
approximately 50% to 60% of lamina propria cd4+ T cells remain depleted
when compared with uninfected controls (Figure 8).


Within the gi tract, there appears to be subcompartmental
variation: immune inductive sites reconstitute better and resemble
peripheral blood lymphocyte subsets when compared with the immune
effector sites (Figure 8). cd4+ T cells expressing the ccr5 receptor or
dually expressing the ccr5/cxcr4 receptors were the cell populations
most severely affected. Accompanying this persistent lesion were
increased levels of activated cd4+ and cd8+ T cells within the gi tract.
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It has been suggested that there may be ongoing viral replication
during antiretroviral therapy.54, 55 While it is possible to detect rare
hiv-1 rna–producing cells by in-situ hybridization, and pcr-based
expression of hiv-1 rna in gi biopsies, definitive studies are under
way to determine whether there is ongoing hiv-1 replication in tissue
during antiretroviral therapy.

Consequences of Persistent Mucosal Depletion
During Antiretroviral Therapy
At this point in time, the consequences of persistent cd4+ T-cell depletion
in the gi tract are unknown. It is clear that the largest reservoir of immune
cells1 shows a unique profile of cd4+ T-cell reconstitution during haart.
In the pre-haart era, opportunistic mucosal infections were a common
feature of disease progression. With treatment, it is evident that patients
do not demonstrate any short-term effects of having a 50% loss of cd4+ T
cells in the gi lamina propria. It is possible that sufficient redundancy in
the immune system prevents adverse outcome in patients with chronic
hiv-1 infection. However, it is important to recognize that given the
projected long-term survival of patients with hiv-1, considerable loss of
mucosal cd4+ T cells could accelerate immune senescence with attendant
consequences. In recent clinical studies, an increased incidence of polyps
and colorectal malignancies has been observed in individuals infected
with hiv-1 independent of antiretroviral therapy.56,57 These studies were
confined to a single site and describe a homogenous cohort of US veterans.
Definitive studies are needed to assess the impact of persistent depletion of
gi immune cells on the incidence of colorectal polyps and malignancies.

5. With regard to preventive efforts directed against hiv-1, recent data
underscore the need to develop strategies to protect mucosal surfaces
from infection. The use of microbicides and ccr5 blockers represents
such interventions.
6. Finally, and perhaps most importantly, these findings re-emphasize
the fact that mucosal immune responses must be targeted in the
development of effective hiv-1 vaccines.
Table 4.

Conclusions

gi indicates gastrointestinal

Grant Support

Conclusions
A number of important conclusions emerge from the recent studies
examining the gi tract during acute and chronic hiv-1 infection (Table 4):
1. First and foremost, it is clear that the gi tract is targeted during all
stages of hiv-1, and this is especially so during aei. We and others have
documented that cd4+ T cells are preferentially lost from the gi tract
within weeks of hiv and siv infections. Recent data have demonstrated
that gi cd4+ T-cell depletion is also observed in natural hosts of
siv—the sooty mangabees and African green monkeys.58, 59 Therefore,
both pathogenic (hiv-1 infection in man and siv infection in rhesus
macaques) as well as nonpathogenic (siv infection in sooty mangabees
and African green monkeys) lentiviral infections are characterized
by depletion of gi cd4+ T cells during acute and early infection. This
would suggest that the gi tract is critical in establishment of such
infections in a new host. The subsequent role played by the gi tract in
disease pathogenesis remains an area of active investigation.
2. The mechanisms of gi cd4+ T-cell depletion are probably complex
and multifactorial—direct and indirect viral cytopathicity, hostderived cellular immune response, activation-induced cell death and,
perhaps, alterations in mucosal homing are all responsible.
3. Despite long-term antiretroviral therapy, cd4+ T-cell reconstitution
remains deficient in the gi tract in spite of the reconstitution seen
in the peripheral blood.
4. In the short term, patients appear to be asymptomatic. However,
vigilance for increased risk of infections, polyps, and malignancies is
warranted in the long term, especially as the longevity of hiv-1–infected
individuals increases.
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