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Introduction

Summary

Human/simian immunodeficiency virus (HIV/SIV) infection can cause
severe depletion of CD4" T cells in both plasma and mucosa; it also
results in damage to the gut mucosa barrier, which makes the condition
more conducive to microbial translocation. In this study, we used SIV-
infected Chinese rhesus macaques to quantify the extent of microbial
translocation and the function of immune cells in the entire gastrointesti-
nal tract and to compare their differences between rapid and slow pro-
gressors. The results showed that in the slow progressors, microbial
products translocated considerably and deeply into the lamina propria of
the gut; the tissue macrophages had no significant differences compared
with the rapid progressors, but there was a slightly higher percentage of
mucosal CD8" T cells and a large amount of extracellular microbial prod-
ucts in the lamina propria of the intestinal mucosa of the slow progres-
sors. The data suggested that although microbial translocation increased
markedly, the mucosal macrophages and CD8" T cells were insufficient to
clear the infiltrated microbes in the slow progressors. Also, therapies
aimed at suppressing the translocation of microbial products in the
mucosa could help to delay the progression of SIV disease.

Keywords: lamina propria; microbial translocation; mucosa; simian
immunodeficiency virus.

enterocytes, plays an important role in nutrient absorp-
tion and immune defence. More than 40% of lympho-

The gastrointestinal (GI) tract is the predominant struc-
tural and immunological barrier against the invasion of
toxic substances, antigens and bacteria. In addition, the
mucosal epithelium, which is a single-cell layer formed by

cytes in the body are found in the GI tract,’ and most of
these are CCR5 and activated memory CD4" T lympho-
cytes.>> CCR5 is one of the co-receptors that human/
simian immunodeficiency viruses (HIV/SIV) use to

Abbreviations: GI, gastrointestinal; LP, lamina propria; LPS, lipopolysaccharides; p.i., post infection; pVL, viral load in plasma;

SIV, simian immunodeficiency virus; TLR, Toll-like receptor
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invade cells, and activated memory CD4" T lymphocytes
are the first candidates of attack by the virus; hence, the
GI tract is the preferred target for HIV/SIV replication.*
Infection with HIV/SIV can cause a series of GI condi-
tions, including diarrhoea, weight loss, nutrient malab-
sorption, inflammatory infiltrates, mucosal damage and
opportunistic infections. It also causes severe depletion of
lamina propria (LP) CD4" T cells in both productively
infected and bystander cells,”” coinciding with increases
in intestinal CD8" T cells.*’

In a normal state of health, the GI tract already contains
an inconceivable number of normal microbiota, which live
within humans, adopting them as hosts; most of these are
commensal and beneficial bacteria that play an important
role in shaping the immune system.'® However, the disrup-
tion of the homeostatic balance between the host and the
intestinal microflora is part of the pathogenesis of HIV/SIV
infection, and the composition of the GI microbiota gener-
ally changes after infection; for example, the genera Bac-
teroides, Odoribacter —and  Parabacteroides  distasonis
significantly decrease, whereas the genus Prevotella, of the
family Paraprevotellaceae, notably increases after infec-
tion."" Microbial products could invade the LP through a
break in the GI mucosa, even translocating from the
intestinal lumen into the periphery in the late acute phase
of infection; the extent of translocation is correlated with
the integrity of the GI epithelium."'?

Previous studies have suggested that the GI tract is a
major site of viral replication and that HIV/SIV infection
can cause several histopathological changes in gut
mucosa. Most of the studies have focused on the mecha-
nism of microbial translocation or the activation of the
immune system induced by microbial translocation.
However, little is known about whether and how changes
in the levels of microbial translocation and the amount of
immune cells in the entire GI tissue take place and how
these differ with the disease duration after HIV/SIV infec-
tion. In this study, we used SIVmac239-infected Chinese
rhesus macaques as models and divided them into the
following two groups as previously described:'* rapid pro-
gressors, which died within 25 weeks after infection; and
slow progressors, which died over 106 weeks after infec-
tion. In our research, animals 07099 and 04039 were clas-
sified as rapid progressors, and 04039 and 00067 as slow
progressors. We provide for the first time direct immuno-
histochemical evidence from the study of all sections of
the GI tracts from SIVmac239-infected Chinese rhesus
macaques, including stomach, duodenum to ileum, and
caecum to rectum. Quantitative image analysis was used
to confirm the distinct histological changes in rapid and
slow progressors. In the slow progressors, we found that
the extent of microbial products traversing the damaged
epithelium of the intestinal mucosa was greater and that
the functions of macrophages and CD8" T cells in the GI
tract deteriorated after infection.
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Materials and methods

Animals and sample collection

The four adults, 5- to 7-year-old, colony-bred male Chi-
nese rhesus macaques used in this study were from the
Kunming Primate Research Centre, Chinese Academy of
Sciences. They were housed and cared for in accordance
with the guidelines of the Committee on Animals of the
Kunming Institute of Zoology, Chinese Academy of
Sciences, and the Animal Welfare Act. The GI tract seg-
ments were sampled at necropsy and placed into a fixa-
tive. The GI biopsy samples were then subjected to
haematoxylin & eosin and immunohistochemical staining
as described below.

Plasma viral loads

The levels of viral RNA in plasma were measured by real-
time RT-PCR (TagMan) assay for SIV gag as previously
described.'* Briefly, virus RNA was extracted by using the
High Pure Viral RNA kit (Roche, Indianapolis, Indiana,
USA) according to the manufacturer’s instructions.
Quantitative RT-PCR assay was performed with an RNA-
direct Real-time PCR master mix (Toyobo, Osaka,
Honshu, Japan). The primers used were 5'-TCGGTCTT-
AGCTCCATTAGTGCC-3 and 5'-GCTTCCTCAGTG-
TGTTTCACTTTC-3'. The TagMan probe sequence was
5'-FAM-CTTCTGCGTGAATGCACCAGATGACGC-TAM-
RA-3'. PCR were carried out on an ABI Vii7 Sequence
Detection System under the following conditions: one
cycle at 90° for 30 seconds and at 60° for 20 min, fol-
lowed by 45 cycles at 90° for 15 seconds and at 60° for
1 min. The quantification limit was determined to be
50 copies/ml by a standard curve constructed from serial
dilutions of an appropriate RNA transcript.

Histological examination

The GI tissues were fixed in 4% paraformaldehyde,
embedded in paraffin, and stained according to the con-
ventional haematoxylin & eosin technique.

Immunofluorescence and immunohistochemistry

Tissues were fixed in paraformaldehyde, embedded in
paraffin, consecutively cut into 5-um sections, and
mounted on glass slides for immunohistochemical analy-
sis. The sections were deparaffinized in xylene and rehy-
drated through a graded ethanol series; for antigen
retrieval, sections immersed in saline sodium citrate buf-
fer were microwave heated for 6 min thrice. This was fol-
lowed by cooling to room temperature, washing with 1 x
PBS containing 0-05% Tween-20 (1 x PBST), and incu-
bation with 0-1% Triton X-100 for 10 min at room
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temperature. The sections were then washed, treated with
3% hydrogen peroxide for 10 min at room temperature,
washed again, and blocked with 10% BSA at 37° for
60 min. Primary antibodies were diluted in BSA and
incubated overnight at 4° or 37° for 60 min. Then, the
sections were washed and incubated with secondary anti-
bodies in BSA for 60 min at room temperature. For
immunofluorescence, the secondary antibodies were con-
jugated with different fluoresceins, and sections were
directly counterstained with 5 pg/ml DAPI for 5 min at
room temperature, washed, and then mounted. For
immunohistochemistry, the secondary antibodies were
conjugated with horseradish peroxidase; 3,3'-diaminoben-
zidine tetrahydrochloride was used as a substrate to yield
a deep brown colour. This was followed by counterstain-
ing with haematoxylin and then mounting. The primary
antibodies used were: rabbit anti-P27 polyclonal antibod-
ies generated in our laboratory, mouse anti-lipopolysac-
charide (LPS) core (Hycult Biotech, Plymouth Meeting,
PA), mouse anti-macrophage (Dako, Carpinteria, CA),
polyclonal rabbit anti-Escherichia coli (Dako), purified
mouse anti-human CD4 (BD, Franklin Lakes, NJ), puri-
fied mouse anti-human CD8 (BD), and polyclonal rabbit
anti-human CD3 (Dako).

Quantitative image analysis

High-powered images (x 200 or x 400 magnification)
were obtained with a Leica fluorescence inverted micro-
scope. To quantify the level of microbial products
(E. coli) that invaded the LP, we randomly selected five
image fields of equal area in each tissue section and used
ProtosHOP and IMAGE ] software for post-processing and
quantitative image analysis.

Statistical analysis

All data were analysed using GRAPHPAD PRISM version 5.0
(GraphPad, San Diego, CA, USA). Paired Student’s t-test
was used to compare the amount of microbes and
immune cells in each GI tissue between rapid and slow
progressors. Statistical significance was set at P < 0-05.

Results

Viral load and blood T-cell counts in Chinese rhesus
macaques after infection with SIVmac239

The dynamics of the viral load and T-cell counts in
blood were investigated for each animal; the viral load
and T-cell counts in the early phase of infection in slow
progressors were also studied in our previous work.'*
Specimens were collected and examined at different
time-points after infection. The viral load in plasma
(pVL) peaked almost at day 14 post infection (p.i.) and
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then gradually and persistently declined; however, it was
continuously detected at each time-point in all animals.
The pVL rebounded and sustained its increase to a high
level before death, but it remained below the peak level,
as shown in Fig. 1(a). The count of blood CD4" and
CD8" T cells significantly decreased in the two groups
on days 7-14 p.i. and then increased, fluctuating under
the normal level. A different picture was observed for
macaque 04039; its CD4" and CD8" T-cell counts
exceeded the normal pre-infection level at some time-
points, which may be explained by the extremely low
viral load at those times. The T-cell counts dropped
sharply before death in all the animals, especially in the
slow progressors (Fig. 1b, c).

All four macaques died a natural death at different time-
points after SIVmac239 infection; their tissues were then
collected. Animal 07099 died at day 105 p.i.
(pVL = 1-36 x 10°% blood CD4" T cells = 799-18 cells/uL,
blood CD8" T cells = 1456-35 cells/uL), 06047 died at day
80 pi  (pVL =096 x 10, blood CD4" T
cells = 131-24 cells/pL, blood CD8" T cells = 100-41 cells/
uL), 04039 died at day 1360 p.i. (pVL = 1-73 x 10> blood
CD4" T cells = 509-03 cells/uL, blood CD8" T
cells = 304-22 cells/pL), and 00067 died at day 2180 p.i.
(pVL = 2:18 x 10% blood CD4" T cells = 44891 cells/pL,
blood CD8" T cells = 21171 cells/uL).

p27 is a highly conserved protein of the SIV capsid
and shares antigenicity with most SIV strains; as a result,
it is commonly used as a detection marker for SIV. To
determine whether the viral particles were also present
in the mucosal tissues from the two groups after infec-
tion, we sought evidence by p27 staining of paraffin-
embedded GI tissue sections from rapid and slow pro-
gressors. A large number of SIV-positive cells were
detected in the LP of all intestinal tissues from the slow
progressors. In contrast, SIV-infected cells were rarely
observed in the intestinal sections from the rapid pro-
gressors (Fig. 2a). A further evaluation of the staining
results based on the quantitative analysis of p27 was per-
formed (Fig. 2b). The results indicated that the p27
staining in most GI tract sections from the slow progres-
sors was recorded as SIV-positive, whereas it was defined
as SIV-negative in the rapid progressors. These findings
suggested that the virus, which had settled in the GI
mucosa in the early phase after infection, could accumu-
late in the late phase, implying that the intestinal
mucosa might be a major reservoir for HIV/SIV after
infection.

Pathological manifestations of GI mucosa after SIV
infection

Gastrointestinal complications are commonly seen after
SIV infection and may occur during the early phase
of the disease. Histopathological changes due to SIV
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Figure 1. Dynamics of the viral load and CD4" T-cell and CD8" T-cell counts in Chinese rhesus macaques after SIVmac239 infection. (a) Plasma

viral load in SIVmac239-infected Chinese rhesus macaques; the arrows indicate the date of natural death. (b) Blood CD4" T-cell counts during

infection. (c) Blood CD8" T-cell counts during infection.

infection in the intestinal mucosa include epithelium
damage, inflammatory infiltrates, and lymphatic follicle
aggregation, among others.'” These are intimately associ-
ated with the translocation of microbial products and
even have a considerable effect on the progression of dis-
ease. Herein, we described and illustrated lesions in the
GI tract that might be the result of a direct effect of SIV
infection; the major characteristics of mucosal disease
observed in the GI tracts of the two groups were mucosal
erosion, inflammation accompanied by haemorrhage and
oedema. The mucosal erosion was more severe in the GI
tracts of the slow progressors, especially in the caecum of
animal 00067, in which a focal ulcer was observed. The
amount of inflammatory cells that infiltrated the LP of
the stomach of 00067 and the caecum of 04039 was much
higher than that in the rapid progressors; these cells con-
gregated and formed a large follicle. However, the duode-
nums of 04039 and 00067 were unaffected by the viral
infection, which might protect them from the attack of
microbes. Hence, pathological changes of GI mucosa in
slow progressors might be more severe than those in the
rapid progressors.
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Microbial translocation in GI tissues

Previous studies have reported that microbial transloca-
tion occurs during progressive HIV or SIV infection and
that it correlates with the integrity of the epithelial bar-
rier.'®!” To investigate whether different levels of micro-
bial translocation exist in the entire GI tract during
varying stages of infection, we compared the level of LPS
that translocated into the LP of GI tissues between rapid
and slow progressors. Numerous LPS" cells were observed
within all GI tissues in the slow progressors, but only a
few LPS" cells were found within the LP of the ileum and
colon in the rapid progressors (Fig. 3a, b).

To find support for the hypothesis that microbial
translocation accumulates in the GI tissues of the slow
progressors, we used a rabbit polyclonal antibody against
E. coli, which reacts with the majority of proteins present
in E. coli lysates. We obtained similar results to those
described above; massive numbers of E. coli invaded the
LP of the stomach of 04039, but a small amount of
non-cell-associated E. coli was detected within the LP of
the stomach of 06047 (Fig. 4a). Moreover, quantitative

© 2016 John Wiley & Sons Ltd, Immunology, 147, 443-452
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Figure 2. Detection of the viral protein p27 (brown) in the gastrointestinal (GI) tracts of rapid and slow progressors. (a) Representative images
(400 x) of the GI tract stained for p27 antigen (light red) are shown. (b) Quantitative analysis of p27 (* : P < 0.05, ** : 0.05 < P < 0.01).

analysis showed a statistically significant difference
between the rapid and slow groups when we compared
the level of increased microbial translocation in almost
the entire GI tract, except the duodenum. This was
probably because the integrity of the duodenum in the
slow progressors was not destroyed, and the integrity of
mucosal epithelium could protect tissues from the inva-
sion of exotic microorganisms (Fig. 4b). Collectively,
these data indicated that microbial translocation
occurred in both rapid and slow progressors, but it was
more serious in the latter group, which might contribute
to accelerating the development of disease.

Phagocytosis by intestinal macrophages

The GI mucosa is the largest reservoir of macrophages in
the body, and the macrophages in the intestinal LP are
generally the first phagocytic cells to interact with micro-
bial products that translocate through the breached
mucosal epithelium.'®'® Abundant extracelluar microbial
products were observed in the slow progressors; hence,
we doubted whether the phagocytic activity of these
macrophages in slow progressors was undermined. To
evaluate this finding, we performed spatial co-localization
of E. coli with macrophages in the GI tract of the two
groups. The frequencies of macrophages had no signifi-

© 2016 John Wiley & Sons Ltd, Immunology, 147, 443-452

cant decrease in the slow progressors compared with the
rapid progressors (Fig. 5a); however, very few of the
microbial products that translocated into the mucosa
were found within HAMS56" macrophages in the slow
progressors (Fig. 4a). By using the same quantitative anal-
ysis, we found that the percentage of macrophages that
associated with microbial products in the GI tract was
markedly lower in the slow progressors than in the rapid
progressors, except in the duodenum section (Fig. 5b, ¢).
Taken together, these data implied that the phagocytosis
of intestinal macrophages was significantly weakened in
the slow progressors.

Quantification of CD4" and CD8" T lymphocytosis in
the GI tract after SIV infection

Mucosal CD4" T cells seem to be the first productively
infected cells and lead to viral spread after infection.
Monitoring of the quantity of CD4" T cells in tissues is
frequently used to evaluate the pathogenic changes after
HIV/SIV  infection.”® Hence, we quantified the
CD3" CD4" T cells in the intestinal tissues by
immunofluorescence staining to determine whether their
prevalence changes during different stages of disease pro-
gression. Figure 6(a) shows the representative results (the
stomach of 06047 was represented for rapid progressors,
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Figure 3. Detection of microbial translocation in the gastrointestinal (GI) tract of SIVmac239-infected Chinese rhesus macaques. (a) Represen-
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the stomach of 04039 for slow progressors). The
histopathological analysis indicated that the slow progres-
sors had a significantly smaller number of mucosal CD4"
T cells compared with the rapid progressors (Fig. 6b).
CD8" T cells have been shown to play an important
role in the control of viral replication, and they also act
as a critical factor in the effective clearance of bacterial
pathogens; hence, depletion of mucosal CD8" T cells

448

Figure 4. Detection of microbial translocation
in the gastrointestinal (GI) tract of SIV-
mac239-infected Chinese rhesus macaques. (a)
Representative images (200 x) of the GI tract
stained for Escherichia coli constituents (red),
macrophages (green), and DAPI (nuclei; blue).
(b) Quantitative analysis of the proportion of
E. coli that stained positively for the markers
(* : P<0.05 ** 0.05 < P <0.01,
0.01 < P <0.001).

%%

should impair such a protective effect. However, the
number of CD8" T cells that were detected in the muco-
sal LP of the slow progressors was slightly higher than
that in the rapid progressors, although only the duode-
num and ileum sections showed a statistically significant
difference between the two groups (Fig. 6¢, d). In general,
the number of mucosal CD4" T cells in the slow progres-
sors decreased markedly after HIV/SIV infection; the

© 2016 John Wiley & Sons Ltd, Immunology, 147, 443-452
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increasing microbial translocation may be one of the
causes of this depletion. In contrast, the number of CD8"
T cells in the GI tract increased slightly; however, its
antimicrobial activities might be weakened during the
progress of infection.

Discussion

Previous studies have implied that microbial translocation
in the intestinal mucosa is a major cause of pathological
immune activation during HIV/SIV infection. The bacte-
rial products could stimulate innate immune cells to pro-
duce pro-inflammatory mediators through pattern
recognition receptors; however, excessive production of
pro-inflammatory mediators might lead to a series of
pathological changes, such as capillary leakage, tissue
injury and multiple organ failure.'®*' There is a lack of
direct evidence on how the levels of microbial transloca-
tion and the functions of immune cells in the entire GI
tract differ with the duration of disease. Here, we used
immunohistological analysis to directly compare distinct
pathological changes between rapid and slow progressors.
Our analysis showed that: (i) the viral load in plasma
could be detected at all time-points in all animals, but
the virus could only be found in some sections of the GI
tract in the slow progressors, (ii) the level of translocated
microbial products increased considerably in almost all
GI sections in the slow progressors, (iii) the macrophage
clearing of microbial products that invaded the LP of GI
mucosa weakened in the slow progressors, and (iv) the
amount of CD4" T cells in mucosal tissues decreased

© 2016 John Wiley & Sons Ltd, Immunology, 147, 443-452

oo ©

Microbial translocation in SIV-infected CRM

(b)

S 100 - HE Rapid

s 3 Slow T

S 801 -

Q

©

£ 60 r‘ ﬁ‘

£

% 40 -

3

o 204

uj

X 0-
O o0t o S O O 0
N e OO e 6\0210‘38“ W W et 0o

1504 Eintracellular E.coli
Il Extracellular E.coli

Stomach Duodenum Jejunum llenum Caecum Colon Rectum

markedly, whereas the number of mucosal CD8" T cells
increased in the slow progressors, but only the duodenum
and ileum sections showed a statistically significant differ-
ence.

In our study, we used SIVmac239-infected Chinese
rhesus macaques to compare the different pathological
changes between rapid and slow progressors. First, we
determined the viral load and the number CD4" and
CD8" T cells in blood from the two groups. We found
that the viral load before death was much higher in the
rapid progressors than in the slow progressors; this coin-
cided with a notable decrease in CD4" and CD8" T cells
in blood from the two groups, especially in animal
06047. These might be the major factors that caused the
quick death of the rapid progressors. Because CD4" T
cells are the ‘first responders’ to SIV infection, they can
produce antiviral cytokines, such as interferon-y, inter-
leukin-2 and tumour necrosis factor-o, or help other
immune effector cells to indirectly restrict the virus. The
depletion of blood CD4" T cells resulted in the absence
of a post-peak viral decline and accelerated the disease
progression; this indicated that the antiviral response of
blood CD4" T cells might play an important role in lim-
iting SIV replication and extending the lifespan of virus-
infected animals.”>** CD8" cytotoxic T lymphocytes have
been shown to protect against viral infection in animals
by the direct cytolysis of infected cells or the delivery of
active granzyme B to SIV-infected targets, which then
eliminates the virus-infected cells; CD8" cytotoxic T lym-
phocytes are also correlated with protection from SIV

infection.?*%°
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Second, the microbial translocation in HIV-infected
individuals and SIV-infected rhesus macaques has been
20728 which showed that in the
presence of increasing microbial translocation in plasma
and intestinal mucosa, the integrity of the intestinal
epithelium is destroyed after HIV/SIV infection. In addi-
tion, it has been reported that microbial translocation

described in several studies,

through the damaged mucosal epithelium is a major dri-
ver of immune activation and that excessive immune acti-
vation is one of the strongest predictors of disease
progression; this means that the microbial translocation
measured in the mucosa may be a useful parameter for
evaluating disease progression. However, most of the cur-
rent works only focus on one section of the GI tract. In
the present study, we examined for the first time the
translocation of microbial products in the entire GI tract
of SIV-infected Chinese rhesus macaques during different
disease durations. We used two distinct methods to mea-
sure the translocation of microbes in the intestinal
mucosa, which showed that LPS* cells could be found
only in the slow progressors, whereas E. coli" cells could
be detected in both the slow and the rapid progressors;
this might be a result of the broad spectrum of polyclonal
antibodies against E. coli. Taken together, the findings
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Figure 6. Dynamics of CD4" and CD8" T cells
in the gastrointestinal (GI) tract after simian
immunodeficiency virus (SIV) infection. (a)
Representative images (200 x) of the GI tract
stained for CD4 or CD8 (green), CD3 (red),
and DAPI (nuclei; blue). (b) Quantitative anal-
ysis showing the proportion of CD4" and
CD8" T cells in the lamina propria (LP) of the
DR GI tract of rapid and slow progressors (* :
& P <005 ** 0.05 < P<0.01, **
0.01 < P <0.001).

indicated that microbial translocation started in the early
phase of infection and then increased considerably in the
intestinal mucosa as the illness progressed.

Third, we took much interest in whether the host
responses were affected by the increasing microbial
translocation. The GI mucosa contained the largest reser-
voir of macrophages, and these intestinal macrophages
could recognize and eliminate invading microorganisms
and noxious macromolecules through phagocytosis and
killing; hence, they were considered as the ‘gatekeeper’ of
the GI tract, restricting its infiltration by microbes.'®*
Several groups have reported that intestinal macrophages
not only restricted HIV/SIV replication®® but also
equipped the host defence against microorganisms by
scavenging for foreign bacteria in the LP; however, their
capability for phagocytosis is apparently affected, espe-
cially in the late stages of AIDS.'? In our study, we used
direct immunofluorescence staining to detect bacterial
products and macrophages. The results confirmed that
there was no significant difference in the percentage of
tissue macrophages between rapid and slow progressors;
however, the extracellular bacterial constituents in the LP
of intestinal mucosa markedly increased in the slow pro-
gressors. Our data strongly suggested that the function of

© 2016 John Wiley & Sons Ltd, Immunology, 147, 443-452



intestinal macrophages had been gradually impaired dur-
ing the progression of infection, resulting in weakened
phagocytosis or clearing of translocated microorganisms.

Fourth, in this research, we also detected the CD4" and
CD8" T cells in plasma from all the animals at different
time-points. Taken as a whole, the data showed similar
trends in changes during infection. However, the intesti-
nal mucosa was the preferred target for HIV/SIV infec-
tion, and mucosal CD4" and CD8" T cells played an
important role in the innate immune system. We
assumed that the mucosal CD4" and CD8" T cells had
distinct differences between different courses of the dis-
ease, which might be partially affected by the transloca-
tion of microbial products. We compared the proportions
of these cells between rapid and slow progressors by
directly staining the CD3" CD4" and CD3" CD8" T cells
in the mucosal tissues. The results supported the hypoth-
esis that the amount of mucosal CD4" T cells was signifi-
cantly higher in rapid progressors than in slow
progressors; however, the opposite was true for the
amount of mucosal CD8" T cells. These results were not
unexpected because mucosal CD4" T cells are the primary
attack and kill targets of the infected virus in tissues.
Besides, mucosal CD4" T cells expressed Toll-like-recep-
tor 4 (TLR4), which is the receptor for LPS; triggering
TLR4 activates various signalling pathways, including the
extrinsic and intrinsic pathways of apoptosis, which then
leads to cell death.’" This might imply that greater micro-
bial translocation would result in more mucosal CD4" T-
cell deaths. TLRs are an important component of the
innate immune system. They can sense a microbial infec-
tion and trigger antimicrobial responses, as well as induce
the migration of immune cells to the infection sites to kill
and halt the spread of invading pathogens.”* Translocated
bacteria contain a variety of TLR ligands, including bacte-
rial DNA, LPS and peptidoglycan.”® Hence, the infiltrated
microbes in the intestinal mucosa could indirectly activate
and recruit specific CD8" T cells, which might accumu-
late in the GI mucosa and mediate cytotoxic T lympho-
cytes to protect against viral infection and foreign
invaders; this could make them the main contributor to
the increasing number of CD8" T cells in the mucosa
after infection. However, in the slow progressors,
although the mucosal CD8" T cells increased, the per-
centage of infiltrated microbial products still increased.
We speculated that the intestinal CD8" T cells in the slow
progressors had been deficient in clearing the translocated
microbes, resulting in the marked increase in extracellular
microbial products. Unfortunately, we could not conclu-
sively verify the injurious effect of mucosal CD8" T cells
on the translocated microbes because of the lack of LP
mononuclear cells isolated from fresh GI tissues.

In summary, our study found that microbial transloca-
tion occurred in the early stage of infection and then
increased considerably as the disease progressed. In the

© 2016 John Wiley & Sons Ltd, Immunology, 147, 443-452
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slow progressors, mucosal CD8" T cells accumulated in
the GI tract, but the tissue macrophages showed no sig-
nificant change. However, the activities of the CD8" T
cells and macrophages in tissues were disrupted, weaken-
ing their ability to clear the translocated microbial prod-
ucts. Our report could provide a useful strategy for
slowing the disease progression by reducing or inhibiting
the microbial translocation in mucosa after HIV/SIV
infection.
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