
Comprehensive assessment of HIV target cells in the distal
human gut suggests increasing HIV susceptibility toward the
anus

MJ. McElrath1,5,7, K. Smythe1, J. Randolph-Habecker2, KR. Melton2, TA. Goodpaster2, S.
Hughes4, M. Mack9, A. Sato1, G. Diaz1, G. Steinbach3,8, R. Novak10, M. Curlin1, JD. Lord11,
J. Maenza1,5, A. Duerr1,6, N. Frahm1,7, F. Hladik1,4,5, and the NIAID HIV Vaccine Trials
Network
1Vaccine and Infectious Disease Division, Fred Hutchinson Cancer Research Center, Seattle,
USA
2Experimental Histopathology Shared Resource, Fred Hutchinson Cancer Research Center,
Seattle, USA
3Clinical Research Division, Fred Hutchinson Cancer Research Center, Seattle, USA
4Department of Obstetrics and Gynecology
5Department of Medicine, University of Washington, Seattle, USA
6Department of Epidemiology, University of Washington, Seattle, USA
7Department of Global Health, University of Washington, Seattle, USA
8Department of Gastroenterology, University of Washington, Seattle, USA
9Department of Internal Medicine II, University Hospital, Regensburg, Germany
10Department of Medicine, University of Illinois, Chicago, USA
11Digestive Disease Institute, Virginia Mason Medical Center, Seattle, USA

Abstract
Background—Prevention of rectal HIV transmission is a high priority goal for vaccines and
topical microbicides because a large fraction of HIV transmissions occurs rectally. Yet, little is
known about the specific target cell milieu in the human rectum other than inferences made from
the colon.

Methods—We conducted a comprehensive comparative in situ fluorescence study of HIV target
cells (CCR5-expressing T cells, macrophages and putative dendritic cells) at 4 and 30 cm
proximal of the anal canal in 29 healthy individuals, using computerized analysis of digitized
combination stains.

Results—Most strikingly, we find that more than three times as many CD68+ macrophages
express the HIV co-receptor CCR5 in the rectum than the colon (p=0.0001), and as such rectal
macrophages appear biologically closer to the HIV-susceptible CCR5high phenotype in the vagina
than the mostly HIV-resistant CCR5low phenotype in the colon. Putative CD209+ dendritic cells
are generally enriched in the colon compared to the rectum (p=0.0004), though their CCR5
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expression levels are similar in both compartments. CD3+ T cell densities and CCR5 expression
levels are comparable in the colon and rectum.

Conclusions—Our study establishes the target cell environment for HIV infection in the human
distal gut and demonstrates in general terms that the colon and rectum are immunologically
distinct anatomical compartments. Greater expression of CCR5 on rectal macrophages suggests
that the most distal sections of the gut may be especially vulnerable to HIV infection. Our findings
also emphasize that caution should be exercised when extrapolating data obtained from colon
tissues to the rectum.

Introduction
HIV infection frequently occurs through anal intercourse, in both men having sex with men
and in women,1–7 so the distal gut is an important target organ for achieving HIV control
through topical microbicides or vaccination. The design of effective prevention strategies
depends on knowing where HIV penetrates the gut mucosa and establishes infection most
successfully and what the target cell composition is at that site. In the macaque model, SIV
penetration through the rectal mucosa, followed by rapid dissemination to local lymphatic
tissues, has been shown.8 In humans, however, it remains unclear which anatomical sections
of the distal gut (anal canal, rectum or sigmoid colon) are most vulnerable to infection upon
luminal contact with HIV.

A recent study showed that surrogates of cell-free and cell-associated HIV (99mTc labeled
sulfur colloid particles and 111In-oxine labeled autologous leukocytes, respectively)
introduced into the rectum through simulated intercourse reached their highest
concentrations 10–20 cm from the anus, where the rectum transitions into the sigmoid
colon.9 The occurrence of HIV infection in humans cannot be directly observed in vivo but
in general depends highly on the likelihood of virion penetration into the mucosa and the
local availability of susceptible target cells.10 For the colon, target cell availability has been
relatively well established: T cells tend to express CCR5 and be highly susceptible to
HIV,11–20 while macrophages express little to no CCR5 and are mostly resistant.21–25.
Myeloid dendritic cells (DCs) and epithelial cells were shown to enhance infection by
disseminating HIV to T cells in the colon.26–28 In contrast to the colon, less is known about
target cell density and cell-virus interactions within the rectum. The rectum contains many
CCR5+ T cells,29 but macrophages and DCs have not been studied at this site. Thus, whether
immunological variation - and potentially differences in HIV susceptibility - exists between
the colon and the rectum remains unexplored. A better understanding of the rectal mucosa
could be important for the design of rectal microbicide gels to prevent anal HIV
transmission. Moreover, as intestinal immune responses to HIV vaccination are currently
measured in the colon, the extent to which colon biopsies are fully representative of the
rectum needs to be addressed.

In this study, we took advantage of the unique opportunity of having biopsies available from
both the rectum (taken 4 cm proximal to the pectinate line in the anal canal) and colon (~30
cm) of 29 healthy men who were enrolled in an exploratory follow-up study of a phase 2B
HIV vaccine trial (Step Study).30, 31 This allowed us to compare with high statistical
reliability the absolute and relative densities of the three main potential target cell
populations for HIV infection - T cells, macrophages and DCs - as well as their CCR5
expression levels in the rectum and colon. Our results show that many more macrophages
express CCR5 in the rectum than the colon, indicating a potential increase in susceptibility
to HIV infection toward the most distal part of the large bowel.
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Materials and Methods
Study Subjects

The 29 study subjects from HVTN 905 Project 01, a study examining long-term cellular
immune responses at mucosal sites following immunization with HIV antigens previously
delivered using an adenovirus serotype 5 vector, MRK HIV-1 gag/pol/nef (Step Study).30, 31

No investigational agents were administered in HVTN 905 Project 01. The median time
period between administration of the last investigational vaccine dose during the Step Study
and the intestinal biopsies taken from the 29 subjects in this study was 866 days (mean 918,
σ 168). The 29 study subjects were healthy US men who have sex with men aged 25 to 53
years (median and mean 38). At the time of entry into the original Step Study the subjects
were at high risk of HIV-1 acquisition on the basis of reported unprotected anal intercourse
with a male partner or anal intercourse with two or more male partners in the 6 months
before enrollment.30 Risk was not an eligibility criteria for enrollment into the HVTN 905
protocol and thus was not assessed again before 905 study entry. Additional information on
study subjects, human subjects protection and clinical specimens is given in Supplemental
Methods.

Biopsy Staining and Analysis
Biopsies were processed and stained for the combinations CD3/CCR5, CD68/CCR5 or
CD209/CCR5 as described in detail in Supplemental Methods. A sequence of slightly
overlapping 20x images covering each stained tissue section in its entirety was acquired on a
Zeiss Imager Z2 microscope, and overlapping images stitched together, using TissueFAXS
(TissueGnostics, Vienna, Austria) (Figure 1A). Each stained marker was acquired separately
as a monochrome image. Monochrome images were superimposed and rendered in pseudo-
colors using TissueQuest Analysis Software (TissueGnostics) as depicted in Figure 1B.
Individual cells were identified based on the nuclear counter-stain, with comparable
accuracy of nuclei counts by the software and a human operator (Figure 1C and D). Cell
outlines were superimposed on the acquired images of the violet and far red stains and
assessed for expression of the phenotypic markers (CD3, CD68 or CD209) and CCR5.
Measurements of individual cell fluorescence were displayed in two-dimensional dot plots,
with each cell defined by a combination of its specific mean (x axis) and maximum (y axis)
fluorescence intensity (Figure 2B). Positive-negative cut-offs for phenotypic marker or
CCR5 expression were based on isotype control stains. Only cells above the positive-
negative cut-off for both mean and maximum fluorescence intensity were considered
positive, ensuring a conservative assessment of marker positivity. Cells positive for either
CD3, CD68 or CD209 were gated and displayed on a downstream scatterplot depicting their
mean and maximum fluorescence intensity in the CCR5 staining channel (Figures 3A and
4A). Cell counting was performed automatically on the entire slide for each tissue section,
permitting a more robust and objective analysis than traditional manual screening and cell
counting methods that rely on the analysis of a limited number of user-selected fields of
view.

Isotype control slides were used to determine the overall background in our data set. Double
isotype controls were negative (Figure 2A), and single isotype controls for the phenotypic
markers also showed only negligible background (not shown). Single isotype controls for
CCR5, a representative set of which is shown in Figure 2A, displayed the following
background levels across all control slides tested: (1) CCR5 isotype-positive cells among
CD3+ T cells (n=11 slides): median 0.155% (mean 0.146, σ 0.134) in colon, and median
0.103% (mean 0.171, σ 0.16) in rectum. (2) CCR5 isotype-positive cells among CD68+

macrophages (n=30 slides): median 0% (mean 0.117, σ 0.343) in colon, and median 0%
(mean 0.534, σ 1.075) in rectum. (3) CCR5 isotype-positive cells among CD209+ cells
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(n=24 slides): median 0.176% (mean 0.403, σ 0.688) in colon, and median 0% (mean 0.642,
σ 1.095) in rectum.

Results
T cell, macrophage and CD209+ cell (putative DC) densities in rectum and colon

To assess how potential target cells for HIV-1 infection distribute in the colon and the
rectum, we stained formalin fixed tissue sections from both sites (~30 and 4 cm proximal of
the pectinate line in the anal canal) for markers characteristic of T cells (CD3), putative DCs
(CD209) and macrophages (CD68). Representative images of cell type staining and
corresponding dot plots depicting the total cells counted in all 20× fields-of-view of each of
these samples, are shown in Figure 2A and 2B. The median density of T cells in rectum
biopsy sections (n=9) was 610 cells/mm2 (mean 617, σ 162). The median density of CD3+ T
cells in the colon (n=11) was 613/mm2 (mean 648, σ 223) (Figure 2C). Seven of these
samples were paired, i.e., rectum and colon biopsies taken from the same individuals on the
same day. CD3+ T cell densities did not differ between the rectum and the colon (p
unpaired=0.88; p paired=0.69).

The median density of CD68+ macrophages in the rectum (n=29) was 81/mm2 (mean 83, σ
36) and in the colon (n=24) it was 71/mm2 (mean 85, σ 46) (Figure 2C). Eighteen of the
CD68-stained samples were paired. Like the T cells, CD68+ macrophages resided at
comparable densities in the rectum and colon (p unpaired=0.78; p paired=0.32).

CD209-expressing cells were present at higher densities in the colon than in the rectum. The
median density in the rectum (n=17) was 116/mm2 (mean 118, σ 65), whereas in the colon
(n=21) it was 194/mm2 (mean 220, σ 85) (Figure 2C). This difference was markedly
significant by unpaired testing of all biopsy donors (p=0.0004) but less so in the nine donors
with paired staining (p=0.055).

The same pattern can be seen in the frequencies of T cells, macrophages and DCs among all
nucleated cells evaluated in each biopsy section (Figure 2D). A median of 11.7% (mean
11.7, σ 3.2) and 10.7% (mean 12.7, σ 3.9) of all cells in the rectum and colon mucosa,
respectively, were CD3+ T cells (p unpaired=0.7; p paired=0.69). A median of 1.5% (mean
1.6, σ 0.67) and 1.3% (mean 1.5, σ 0.87) of all cells were CD68+ macrophages (p
unpaired=0.49; p paired=0.56), and a median of 2% (mean 2.2, σ 1.2) and 3.6% (mean 4.1,
σ 1.8) of all cells were CD209+ cells (p unpaired=0.001; p paired=0.13) in the rectum and
colon, respectively. In summary, the colon mucosa was enriched in CD209+ putative DCs,
but not in T cells and macrophages, compared to the rectum mucosa. T cells remained by far
the most abundant of the three cell populations we measured in the rectum as well as in the
colon.

Percentages of CCR5-expressing T lymphocytes and putative DCs are similar between
rectum and colon, but the colon is generally enriched in putative DCs

In most cases HIV transmission occurs with viruses using the chemokine receptor CCR5 to
enter and infect CD4+ host cells. The distribution pattern of CCR5 expression at potential
mucosal sites of HIV transmission is therefore of particular interest. While CCR5 expression
in the human colon has been investigated before, we found no information detailing its
distribution on different leukocyte populations in the rectum immediately proximal to the
anal canal. We therefore compared the expression of CCR5 on potential target cells for HIV
between the colon (~30 cm) and the distal rectum (4 cm) by co-staining for phenotypic
markers and CCR5 (Figures 3 and 4). We analyzed the same number of total and paired
biopsies as specified above for the single phenotypic stains. We found that a median of
46.1% (mean 44.5, σ 11.6) and 44.6% (mean 45.5, σ 5.38) of CD3+ T cells expressed CCR5
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in the rectum and colon, respectively (Figure 3A and C) (p unpaired=0.77; p paired=0.69).
This corresponded to a median density of CCR5+ CD3+ T cells of 267 cells/mm2 (273, σ
303) in the rectum and of 275 cells/mm2 (mean 298, σ 112) in the colon (p unpaired=0.71; p
paired=0.81).

The median percentage of CCR5-expressing CD209+ cells was 22.9% (mean 25.8, σ 14.4)
in the rectum and 33.3% (mean 32.9, σ 14.2) in the colon (p unpaired=0.11; p paired=0.20)
(Figure 3D). The median density of CCR5+ CD209+ cells was 24 cells/mm2 (mean 31.4, σ
22.7) in the rectum and 65.2 cells/mm2 (mean 74.9, σ 44.9) in the colon (p unpaired=0.0008;
p paired=0.039). Thus, by percentage, neither T cells nor putative DCs differed significantly
between the rectum and the colon. Likewise, CCR5+ CD3+ T cells populated both
compartments at comparable densities. In contrast, the general enrichment of putative DCs
in the colon compared to the rectum, as seen in Figure 2C, extended to significantly higher
densities of CCR5+ putative DCs in the colon as well (Figure 3D).

Percentages and densities of CCR5-expressing macrophages are significantly higher in
the rectum than the colon

A median of 29.8% (mean 24.7, σ 17.5) of macrophages stained positive for CCR5 in the
rectum but only 8% (mean 13.3, σ 14.4) stained positive for CCR5 in the colon (p unpaired
= 0.0001; p paired = 0.004) (Figure 4). Similarly, the median density of CCR5+ CD68+

macrophages was 18.7 cells/mm2 (24.8, σ 19.5) in the rectum but only 6.1 cells/mm2 (14.7,
σ 32.2) in the colon (p unpaired = 0.0005; p paired = 0.054) (Figure 4). Thus, CCR5 was
expressed on many more macrophages in the rectum than in the colon.

T cells contribute the largest number of CCR5+ cells in the rectum and in the colon
We noted in our initial analysis that some nucleated cells which we could not identify as
CD3+ T cells, CD209+ putative DCs or CD68+ macrophages stained positive for CCR5. We
therefore also counted the total number of CCR5+ cells in each stained section, irrespective
of whether they co-stained for one of our three phenotypic markers. Among the slides co-
stained with CD3, a median of 520 total cells/mm2 (mean 494, σ 184) and 459 total cells/
mm2 (mean 509, σ 169) tested positive for CCR5 in the rectum and colon, respectively (p
unpaired=1.0; p paired=0.81). Among the slides co-stained with either CD209 or CD68, in
which the CCR5 stain was amplified by catalyzed signal amplification, a median of 543 total
cells/mm2 (mean 604, σ 322) and 693 total cells/mm2 (mean 739, σ 249) tested positive for
CCR5 in the rectum and colon, respectively (p unpaired=0.1; p paired=0.37) (data not
shown). In the rectum, a median of 54.9% (mean 56.1, σ 9.25) of these CCR5+ cells were
CD3+ T cells, 3.69% (mean 4.7, σ 3.81) were CD209+ cells and 3.53% (mean 4.72, σ 4.61)
were CD68+ macrophages (Figure 5). In the colon, a median of 58.14% (mean 61.82, σ
8.64) of total CCR5+ cells were CD3+ T cells, 8.93% (mean 11.67, σ 8.96) were CD209+

cells and 1.05% (mean 2.32, σ 4.33) were CD68+ macrophages (Figure 5). The percentage
of CCR5+ CD209+ putative DCs among all CCR5+ cells was significantly higher in the
colon compared to the rectum (p unpaired=0.001; p paired=0.07), whereas the percentage of
CCR5+ CD68+ macrophages among all CCR5+ cells was significantly higher in the rectum
compared to the colon (p unpaired=0.0003; p paired=0.09). The percentages of CCR5+

CD3+ T cells among all CCR5+ cells were not significantly different between the rectum
and the colon (p unpaired=0.36; p paired=0.22). These results reflect our findings above that
CCR5+ macrophages were enriched in the rectum and CCR5+ putative DCs were enriched
in the colon. In both anatomical compartments, however, T cells contributed well over half
of all CCR5-expressing cells and a far larger share than did DCs and macrophages
combined.
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Discussion
To our knowledge, this is the first systematic comparison of CCR5 expression on leukocyte
subpopulations within the colon versus the distal part of the rectum bordering the anal canal.
Intriguingly, we found that macrophages in the rectum express CCR5 quite abundantly.
Similarly high CCR5 expression levels have been reported for macrophages in the vagina, a
phenotype that correlates with substantial susceptibility to infection with R5-tropic HIV
isolates.22 In contrast, low CCR5 expression by macrophages in the colon, as reported by
others and confirmed by our study,21–25, 32 correlates with reduced permissiveness to HIV
infection.22, 23, 25 Thus, our findings suggest that, in terms of CCR5 expression,
macrophages in the human rectum are rather more like vaginal than colonic macrophages,
and are therefore likely targets for productive HIV infection. Visually, these rectal
macrophages form a dense stromal network of larger CCR5+ cells just beneath the columnar
epithelium (Figures 2A and 4A) and should thus be easily accessible to virions penetrating
the mucosa. Consequently, considering that the rectum likely bears the highest burden of
HIV exposure during anal intercourse, topical microbicide strategies with antiretroviral
compounds such as tenofovir need to ensure sufficiently high active drug concentrations in
rectal macrophages in addition to T cells. Likewise, our data support that HIV vaccines need
to achieve protective immunity in the rectum, which implies that cellular immune responses
should also be measured there rather than in surrogate colon tissue. Heretofore, colon was
the preferred site for cellular immune assays chiefly because more biopsies can be safely
obtained from the colon than the rectum. With the emergence of more sophisticated analysis
techniques suitable for lower cell yields, such as single-cell, subnanoliter well arrays and
single-cell mass spectrometry cytometers,33, 34 measurements in the rectum have become
more feasible and may often be preferable to colon.

Up-regulation of CCR5 on macrophages in the rectum relative to the colon may be
understood in the context of other aspects of mucosal immunology in the distal gut. There is
a clear link between stromal factors in the colon, in particular TGF-β, and inhibition of CD4/
CCR5 up-regulation during monocyte differentiation.23 Using global gene expression
analysis in 32 paired colon and rectum samples obtained prior to treatment from participants
of a rectal microbicide trial, we have found higher expression of TGF-β antagonistic and
macrophage-activating genes in the rectum than in the colon, indicating a more pro-
inflammatory environment in the rectum (manuscript in preparation).35 These findings
suggest that the TGF-β-driven non-inflammatory state of macrophages in the colon, which
likely serves to maintain mucosal homeostasis in the presence of the intestinal microflora,36

is lost toward the external opening of the rectum. We speculate that the reasons for this
change are related to preventing intrusion of non-commensal pathogens, the danger of which
presumably increases toward the anus.36, 37 These differences in the pathophysiology of the
colon and rectum imply that screening for undesirable effects of topical microbicides or
vaccination, in particular those that could lead to enhancing the risk of infection, as was
observed in the Step Study,30 should include an evaluation of the rectum.

Our data also confirm prior reports that T cells in the colon and rectum of HIV-uninfected
men appear similar to each other by phenotypic characterization, including CCR5
expression.29, 38 In the report by McGowan et al., biopsies were obtained from 10 and 30 cm
proximal to the pectinate line in the anal canal. Since we found no significant difference in
overall and CCR5+ T cell numbers between 4 and ~30 cm in our study, we conclude that the
distribution of mucosal T cells and the level of CCR5 expression on T cells is fairly uniform
from the descending colon to the anal canal. Both colon and rectum also have been shown to
contain T cells expressing the α4β7 integrin,39, 40 which is associated with high
susceptibility to HIV infection,41, 42 but no study has systematically evaluated if differences
exist in its expression between the two sites. Considering these findings and the strong
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association between susceptibility to HIV infection and CCR5 expression,11–20, 43 it seems
likely that rectal T cells are at least as susceptible to infection as T cells in the colon and
small bowel. In vivo models of rectal SIV infection in macaques and ex vivo HIV-1
challenge studies in human explant tissues appear to confirm that, although these studies did
not specify the exact anatomical location of the colorectal biopsies that were
analyzed.8, 44–49

In our analyses, we could not define all CCR5+ cells as either macrophages, T cells or
putative DCs. While it is possible that this was due to failure of our immunofluorescence
staining to capture 100% of these three cell types, we believe it is more likely that some
other intestinal cell populations express CCR5 as well. Indeed, it has been reported that a
fraction of primary intestinal epithelial cells express CCR5 in the jejunum,26 and this could
be possible in the colon and rectum as well. In the murine gut, CD4+ CD3− innate lymphoid
cells have been described as a critical source of immunoprotective IL-22.50 An equivalent
cell type could reside in the human gut and express CCR5. Under certain circumstances, NK
cells and apoptotic neutrophils express CCR5,51–53 and even transfer of CCR5 from CCR5+

to CCR5− cells via exosomes has been reported.54 Thus, there are multiple possible
explanations for our detection of CCR5+ cells that were neither DCs, macrophages nor T
cells. These cells could potentially contribute to HIV disease in the gut.

The most striking finding of this study was that a markedly higher percentage of
macrophages expressed CCR5 in the rectum than in the colon. As a consequence, the rectum
harbored about three times as many CCR5+ macrophages per mm2 as the colon, with
substantial cell numbers present in the superficial stroma of most rectal biopsies, which
could heighten susceptibility to HIV infection in the rectum compared to the colon. In terms
of prevention of rectal HIV transmission by topical microbicides, this implies that cell-
specific studies of intracellular antiretroviral drug concentrations in the rectum should
include measurements of macrophages in addition to T cells.55, 56 Experimental approaches
with live microbial microbicides will likely need to achieve adequate colonization with the
microbicide-producing bacteria in the rectum and not just the sigmoid colon.57 Lastly, for
evaluation of immune responses to HIV vaccines and any other immunological studies in the
large bowel, our study suggests caution when extrapolating analyses of colon tissues to the
rectum.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Tissue stitching and nuclear recognition. A–D: A representative colon section stained as
described in the Methods with anti-CCR5 (detected by AlexaFluor350 and pseudo-colored
in red), anti-CD68 (detected by AlexaFluor647 and pseudo-colored in white) and the nuclear
stain Sytox Orange (pseudo-colored in blue) is depicted in its entirety. TissueFAXS software
(TissueGnostics) stitched together this image of the complete colon section on the slide by
aligning all overlapping 20x fields-of-view that had been sequentially acquired on the
microscope (A). One 20x field-of-view is marked in A by the orange rectangle, which is
then shown magnified in B–D. B: Three-color stain of cells in colon tissue, depicting CCR5
in red, CD68 in white and nuclei in blue. C: Nuclear stain Sytox Orange in monochrome
grayscale. D: Recognition of the individual nuclei by the algorithm of the TissueQuest
(TissueGnostics) software. Operator and software cell counts are indicated.
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Figure 2.
Density of T cells, macrophages and putative dendritic cells (DCs) in the human rectum and
colon. A: Representative 20x pseudo-color images in one individual of CD3 (T cells), CD68
(macrophages) and CD209 (DCs) in the rectum and colon. Tissue sections were stained as
described in Methods for three-color immunofluorescence: anti-CD3, anti-CD68 or anti-
CD209 in one fluorescence channel (pseudo-colored in white), mouse IgG isotype control
for anti-CCR5 staining in a second fluorescence channel (red), and the nuclear counter-stain
Sytox Orange in the third channel (blue). Note that these sections therefore also depict
representative single isotype controls for the CCR5 staining data presented in Figures 3 and
4. The two control images in A are double isotype controls with no marker-specific primary
antibodies. B: Dot plots corresponding to biopsies in panel A, but showing data from all
cells in the entire tissue sections. Each dot corresponds to one cell, defined by its specific
mean and maximum fluorescence intensity. Quadrant cutoffs were determined by isotype
control stains. Only cells in the upper right quadrant were judged as positive. The numbers
and percentages of cells in the upper right quadrants, and their corresponding cell densities,
are specified in each plot. C: Summary of CD3+, CD68+ and CD209+ cell densities in all
biopsies analyzed. The horizontal line in each box denotes the median, the ends of the box
denote the 25th and 75th percentiles, and the whiskers extend to the extreme data points that
are no more than 1.5 x the interquartile range. Paired samples, i.e., where the data were
derived from a colon and rectum biopsy obtained from the same individual at the same time
point, are connected by dotted lines. Unpaired (Mann-Whitney U test) and paired (Wilcoxon
signed-rank test) p values for differences between rectum and colon are listed below the
corresponding boxes. D: Median percentages of CD3+, CD68+ and CD209+ cells among all
nucleated cells.
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Figure 3.
CCR5 expression by T cells and putative DCs in the human rectum and colon. A:
Representative 20x pseudo-color images in one individual of CD3 (white) and CCR5 (red)
co-staining in the rectum and colon. Tissue sections were stained as described in Methods.
Mouse IgG isotype controls for CCR5 staining are shown in Figure 2A. Corresponding dot
plots are shown next to each image and depict CCR5 mean and maximum fluorescence
intensities of cells that were first gated to stain positive for CD3. Thus, cells within the
upper right quadrants of the dot plots co-express CD3 and CCR5. The numbers of CD3+

CCR5+ cells in the upper right quadrants and their corresponding cell densities are specified
in each plot. Also given is the percentage of CD3+ T cells co-expressing CCR5. B:
Representative 20x pseudo-color images and dot plots in one individual of CD209 (white)
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and CCR5 (red) co-staining in the rectum and colon. C: Summary of percentages (left y
axis) of CD3+ T cells co-expressing CCR5 and their cell densities (right y axis) in all
biopsies analyzed. D: Summary of percentages (left y axis) of CD209+ cells co-expressing
CCR5 and their cell densities (right y axis) in all biopsies analyzed. In C and D, paired
samples, i.e., where the data were derived from a colon and rectum biopsy obtained from the
same individual at the same time point, are connected by lines. Differences going against the
prevailing trend are indicated by solid lines, others by dotted lines.
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Figure 4.
CCR5 expression by macrophages in the human rectum and colon. A: Representative 20x
pseudo-color images in one individual of CD68 (white) and CCR5 (red) co-staining in the
rectum and colon. Tissue sections were stained as described in Methods. Mouse IgG isotype
controls for CCR5 staining are shown in Figure 2A. Corresponding dot plots are shown next
to each image and depict CCR5 mean and maximum fluorescence intensities of cells that
were first gated to stain positive for CD68. Thus, cells within the upper right quadrants of
the dot plots co-express CD68 and CCR5. The numbers of CD68+ CCR5+ cells in the upper
right quadrants and their corresponding cell densities are specified in each plot. Also given
is the percentage of CD68+ macrophages co-expressing CCR5. B: Summary of percentages
(left y axis) of CD68+ macrophages co-expressing CCR5 and their cell densities (right y
axis) in all biopsies analyzed. Paired samples, i.e., where the data were derived from a colon
and rectum biopsy obtained from the same individual at the same time point (n=18), are
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connected by lines. Differences going against the prevailing trend are indicated by solid
lines, others by dotted lines.
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Figure 5.
Median percentages of CCR5-expressing CD3+, CD68+ and CD209+ cells among all cells
expressing CCR5. Percentages were first calculated separately for each stained tissue
section, with subsequent computation of the medians and other descriptive statistics (see
text).

McElrath et al. Page 18

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2014 July 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


