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It has been known that the gut microbiota plays a cen-
tral role in shaping normal mucosal immunity, how-
ever, little information is available whether the variabil-
ity of mucosal lymphocytes impacts the commensal
flora. Here, we applied a cynomolgus monkey model
to characterize the structure and composition of the
gut microbiota in response to lymphocyte depletion
and to determine their potential association. Molecular
profiling of 16S rDNA showed that the intestinal micro-
biota composition was perturbed after the depletion
of mucosal lymphocytes and were recovered follow-
ing the repopulation. Some specific bacteria from the
orders Lactobacillales, Enterobacteriales and Clostridi-
ales, and the genus Prevotella and Faecalibacterium,
were primarily responsible for the variations of the gut
microbiota after lymphocyte depletion. Interestingly,
the species richness of the ileal mucosal microbiota
was associated the proportions of TCRa b + or TCRc d+
T cells (p < 0.01). We demonstrate for the first time
the feature of intestinal microbiota composition after
lymphocyte depletion and provide novel evidence that
the perturbation of gut microbiota is associated with
lymphocyte depletion. It may contribute to understand
the relationship between gut commensal microbiota
and mucosal immune system. Study results provide
insight into biological activity of alemtuzumab in in-
testinal barrier in organ transplantation.
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Introduction

Alemtuzumab (Campath-1H) is a humanized anti-CD52
monoclonal antibody and it targets CD52 expressed on
T and B lymphocytes, natural killer (NK) cells, and mono-
cytes (1–4). Alemtuzumab is able to induce a rapid and
efficient depletion of T cells from peripheral blood (1–4).
Recently, alemtuzumab has been used as an effective in-
duction therapy in solid organ transplants, including kidney,
pancreas and intestine (5–8). In transplant recipients, the
profound lymphocyte depletion using alemtuzumab shows
the potential for excellent graft survival with the develop-
ment of transplant tolerance (3,9–11).

The mucosal immune system consists of intestinal intraep-
ithelial lymphocytes (IEL) and lamina propria lymphocytes
(LPL) resided within highly structured sites. IEL and in-
testinal epithelial cells are considered to play an important
role in the first defense line against microorganisms (12).
A large proportion of IEL is composed of TCRab- or
TCRc d-positive T cells, which are pivotal in directing and
controlling appropriate immunological homeostasis within
the gut (13). The gastrointestinal tract is normally colonized
with the commensal microbiota. The composition of the
commensal microbiota may divergently influence mucosal
immune system (14). Recent studies have begun to reveal
reciprocal interaction between intestinal immune cells and
the gut microbiota (15–19). IELs and LPLs are especially
reliant on the commensal microbiota for their proper
differentiation and function (15–19). The phenotypic differ-
entiation of specific lymphocyte lineages in the mucosal
immune system may be dependent on the distinct compo-
nent of the microbiota (15,18). The commensal microbiota
is actively involved in shaping and maintaining normal
mucosal immunity (15,18). Germ-free animals possess an
underdeveloped immune system in the gut, and introduc-
tion of commensal bacteria induces an expansion of CD4+

T cell and development of organized gut-associated lym-
phoid tissues (15,17). It has demonstrated a key function
of TCRc d+ IEL in maintaining host-microbial homeostasis
in intestinal inflammation in TCRd-deficient mice (19).
Despite an expanding knowledge on the role of gut micro-
biota in shaping host immune system, the involvement of
mucosal T cell in the colonization of commensal bacteria
remains unclear. The profound T cell depletion in periph-
eral blood could be achieved with alemtuzumab (3,9–11),
however, no information is available whether alemtuzumab
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induces the depletion of mucosal lymphocyte. Moreover,
little is known about the alterations in the intestinal
microbiota following mucosal T cell depletion.

In this study, using a cynomolgus monkey model, we
aimed to characterize the changes of bacterial community
composition after lymphocyte depletion and to define a
potential relationship between the commensal microbiota
and mucosal lymphocyte. Our data may provide a novel
perspective about the relationship between the gut micro-
biota and host intestinal immune system.

Materials and Methods

Animals

Laboratory-bred cynomolgus monkeys were socially housed at the Labora-
tory Animal Center, Chinese Academy of Military Medical Sciences (Beijing,
China). Fifteen male cynomolgus monkeys (aged 3–5 years, weighing 3.0–
5.5 kg) that were verified CD52 antigen negative on erythrocytes, were
selected in this study. The selected monkeys were raised in isolated cages
with more space to meet their physical and behavioral needs. They were
maintained in a room with the temperature set at 20–25◦C, humidity rang-
ing from 50% to 75%, and illumination by artificial lighting for 12 h per day.
Animal cages and rooms were cleaned and disinfected daily. The monkeys
were fed commercially available chow and were allowed ad libitum access
to clean drinking water. Animals were free of simian immunodeficiency
virus SIV), herpes B virus, Bacillus tuberculosis, D-type simian retrovirus,
and simian T lymphotrophic virus type 1. All animal procedures and experi-
ments were in accordance with the principles for animal experiments using
nonhuman primates (Primate Society of China), and were approved by the
laboratory animal care and use committee of Jinling Hospital.

Administration of alemtuzumab and sampling

Cynomolgus monkeys were given the eradication treatment by alem-
tuzumab regimes as described previously with some modifications (20).
Twelve animals were administered intravenously a single dose (3.0 mg/kg,
i.v.) of alemtuzumab (MabCampath; Bayer–Schering, Berlin, Germany). After
an overnight fast with water ad libitum, five biopsy pieces each site (approx-
imately 3 × 3 mm) were taken from the terminal ileum and colon using a
paediatric videocolonoscope (Pentax 3440FK, Hamburg, Germany) at 1, 3,
6 or 21 days (three animals each time point) postalumtuzumab infusion for
immunofluorescent staining and examination of mucosal microbiota. These
animals were euthanatized at 9, 14, 35 or 56 days (three animals each time
point) to collect intestinal segments for isolation of IEL and LPL, immunoflu-
orescent analysis and molecular detection of intestinal microbiota. Blood
samples were obtained at 1, 3, 6, 9, 14, 21, 35 and 56 days for lymphocyte
count and flow cytometric analysis. The remaining three monkeys received
a same volume of normal saline but without alemtuzumab administration
and were euthanatized to collect the samples of 0 day. Fecal samples were
freshly obtained on day 0, 1, 3, 6, 9, 14, 21, 35, 56 and were immediately
frozen at –80◦C for DNA extraction.

Immunofluorescent staining

The tissue species were embedded in optimum cutting temperature com-
pound (OCT) (Tissue Tek, Sakura, Japan), and were sectioned with a cryostat
at 5 lm. After fixation with cold acetone, the cryosections were blocked
with 3% bovine serum albumin in phosphate buffered saline (PBS). The sec-
tions were incubated with mouse mAb against CD4 or CD8, or rabbit poly-
clonal antibody to CD45 (Abcam, Cambridge, UK), and were then reacted
with secondary antibodies conjugated to Alexa 633 (Molecular Probes,
Eugene, OR). Nuclei were counterstained with 4′,6-diamidino-2-
phenylindole (DAPI; 1:10,000 dilution; Invitrogen, Life Technologies,

Carlsbad, CA, USA). Sections were viewed using a confocal laser scanning
microscope (Leica Microsystem, Heidelberg GmbH, Mannheim, Germany).
The numbers of positive cells were quantified by NIH Image-Pro Plus 6.0
analyzer software.

Isolation of IEL and LPL

IEL and LPL were isolated as previously described with modifica-
tion (21,22). In brief, after removing Peyer’s patches, the ileal fragments
(10 cm) were dissected into short segments (5 mm in length) and stirred in
prewarmed Hanks’ balanced salt solution (Ca2+ and Mg2+ free) containing
0.75 mM ethylenediamine tetra acetic acid (EDTA). The tissue slurry was
passed through 80- and 400-screen mesh trap valve. The cell suspension
was centrifuged to collect cell pellets. The remaining tissues on the trap
valve were cut into 1- to 2-mm pieces, and were then shaked in RPMI
1640 medium (GIBCO BRL, Grand Island, NY, USA) containing 15 U/mL
collagenase, 100 U/mL penicillin-streptomycin, 25 mM Hepes buffer and
5% fetal calf serum (FCS). LPL cell suspension was obtained as the same
procedure above. Discontinuous Percoll density gradient centrifugations
were performed to enrich IELs and LPLs. Purified cells were resuspended
in RPMI 1640 medium containing 5% FCS and were counted with a
hemocytometer. The viability of LPL and IEL was determined by trypan
blue exclusion and both were >90%.

Analysis of T cell subsets by flow cytometry

Blood cells, purified IEL and LPL were stained with fluorescein-labeled
mAb, including CD3-allophycocyanin (BD Pharmingen, San Diego, CA, USA),
CD4-fluorescein isothiocyanate (FITC), CD8-phycoerythrin (PE), CD20-FITC,
T-cell receptor (TCR) c d-PE (eBioscience, San Diego, CA, USA), or TCR
ab-PE (Serotec, Oxford, UK). Blood samples or lymphocyte suspensions
(100 lL) were incubated with the antibodies (1:200). Appropriate isotype-
matched antibodies were used as negative controls. Cells were run on a
FACScan flow cytometer and were analyzed with CellQuest software (BD
Bioscience).

DNA extraction and PCR amplification

Mucosa-associated bacterial DNA was extracted using QIAamp DNA Mini
Kits (QIAGEN, Valencia, CA, USA) according to the manufacturer’s instruc-
tion. Community DNA extraction of fecal samples was performed with QI-
Aamp DNA Stool Mini Kits. The extracted DNA was checked by agarose gel
electrophoresis (1% w/v) and was quantified spectrophotometrically. The
fragments of 16S rRNA gene was amplified by PCR with universal bacterial
primers (F357+GC clamp and R518) (23,24). An aliquot of DNA (100 ng)
was added into a standard reaction mixture, and PCR reactions were carried
out with a touchdown thermocycling program as described previously (24).
The amplification products were subjected to electrophoresis in 1% (w/v)
agarose gels to identify the purity and correct size.

Denaturing gradient gel electrophoresis

DGGE analysis of PCR amplicons was conducted on a D-Code uni-
versal mutation detection system (Bio-Rad, Hercules, CA, USA). Ampli-
cons of 16S rDNA were separated with 8% polyacrylamide gels (acry-
lamide:bisacrylamide, 37.5:1) containing a linear urea-formamide gradient
from 30 to 50%. Electrophoresis was done in 1×TAE buffer (0.8 mM Tris,
0.4 mM acetic acid, 0.8 mM EDTA) at a constant voltage of 120 V at 60◦C for
7.5 h. The gels were stained by SYBR Green I (Invitrogen) and pho-
tographed by UV transillumination with ChemiDOCTM XRS instrument (Bio-
Rad). Scanned images of electrophoretic gels were analyzed using Quan-
tityOne software (Version 4.2, Bio-Rad). The similarities between DGGE
profiles were assessed by the Dice coefficient and the unweighted pair
group method with the arithmetic average (UPGMA) clustering algorithm,
and the corresponding dendrograms were constructed. The relative quan-
tity of a given band was expressed as a fraction (%) of the sum of all defined
bands in the same lane (25).
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Figure 1: The depletion and repopulation in peripheral blood

lymphocytes after the administration of alemtuzumab treat-

ment in cynomolgus monkeys. Results shown here are the
mean ± SD of individual animal (n = 3 each time point) and are
expressed as the percent (%) of remaining cells after treatment
relative to the monkeys of 0 day.

DNA sequencing and phylogenetic analysis

The DGGE bands were excised for determination of DNA sequence. Gel
slices were then incubated in 20 lL of elution buffer overnight at 4◦C. The
resulting DNA solution (4 lL) was used as a template for re-amplification and
PCR product was checked by DGGE according to previous procedure (24).
The re-amplified fragments were purified and subjected to automated se-
quence analysis on an ABI PRISM 3730 sequencing system (Applied Biosys-
tems, Foster City, CA, USA). The retrieved sequences were compared in
the Genbank database using BLAST algorithm to search for the closest bac-
terial relatives. Multiple sequence alignments of the nucleotide sequences
were performed using CLUSTAL W program. A neighbour-joining tree was
generated on the basis of evolutionary distances using MEGA 4.0 software.

Statistical analysis

Data are presented as means ± standard deviation (SD). Statistical analysis
was performed by one-way analysis of variance (ANOVA) followed by the
Holme–Sidak test using the SPSS software (version 12.0). Correlative anal-
ysis between two variances was carried out using linear regression analysis
with a Pearson test. A p value of less than 0.05 was considered significant.

Results

Lymphocyte depletion in peripheral blood
The depletion and reconstitution of lymphocytes in periph-
eral blood was observed following alemtuzumab adminis-
tration (Figure 1). The numbers of peripheral lymphocytes,
including CD3+, CD4+, CD8+ T cells and B cells, reduced
to 60% of the baseline levels on day 1 after the infusion
(vs. 0 day, p < 0.01). Subsequently, a trend towards
more depletion of lymphocytes was observed, and the
cell counts reached less than 20% at 9 days (vs. 0 day, p <

0.01). The initiation of cell repopulation could be found on
day 14, and lymphocytes were recovered after 21 days.

Depletion and repopulation of lymphocytes in

intestinal mucosa
T-cell depletion in peripheral blood prompted us to test the
susceptibility of mucosal lymphocytes to alemtuzumab.
CD4+, CD8+ and CD45+ cells in ileal mucosa reduced

significantly on days 6 and 9 compared to 0 day (p < 0.05;
Figures 2A and 2B). The repopulation of mucosal lympho-
cytes began on day 14, and similar numbers of these cells
achieved after 21 days. A similar pattern of lymphocyte
depletion and repopulation was noted in the colonal mu-
cosa (Figures 2C and 2D). These results demonstrate that
alemtuzumab administration could effectively deplete the
lymphocytes in intestinal mucosa.

The shifts of IEL and LPL phenotypes
We further explored the variations of mucosal lymphocyte
subsets by flow cytometric analysis. The total numbers of
IEL and LPL were lower at 9, 14 and 35 days versus those
of 0 day (p < 0.05; Figure 3A). Meanwhile, a significant shift
in IEL and LPL phenotypes was also observed (Table S1).
Significantly lower proportions of TCRab+ and TCRc d+ T
cells in IELs were measured at 9, 14 and 35 days (p < 0.01
or p < 0.05, vs. 0 day; Figures 3B and 3C; Table S1). In LPLs,
we also found a significant decrease in the proportion of
TCRc d+ T cells on days 9 and 14 (p < 0.05, vs. 0 day). The
IEL and LPL subsets were reconstructed after 35 days.

Temporal alterations of ileal mucosa-associated

microbiota
We examined whether the structure and composition of
the mucosa-associated microbiota was altered in response
to lymphocyte depletion (Figure 4A). The dendrogram gen-
erated from the DGGE banding patterns showed great vari-
ations in the bacterial community after alemtuzumab ad-
ministration, especially on days 6 and 9 (Figure 4B). Com-
plete linkage hierarchical clustering produced a separated
subgroup consisting of the populations of 6 and 9 days,

with low-community similarities of 54.8% and 49.4% com-
pared to 0 day. The samples taken on days 35 and 56 were
assigned into a subcluster, showing increased similarity
indices of 78.4% and 82.4% compared to 0 day.

The species richness of intestinal microbiota was evalu-
ated, assessed by the numbers of the DGGE bands. A
significant higher richness of ileal mucosal microbiota was
observed on days 6, 9 and 14 compared to that of 0 day
(30.0 ± 2.1, 28.0 ± 1.7 and 27.0 ± 1.0 vs. 19.7 ± 0.6, p <

0.01; Figure 4C). The species richness in the ileal commu-
nities of 21 and 35 days reduced back a little bit but was still
higher than that of 0 day (p < 0.01). Similar numbers of the
DGGE bands were restored after 35 days, reflecting the
fact that the richness of ileal microbiota was dependent of
the lymphocyte residence in the mucosa.

To further investigate the effects of lymphocyte depletion
on mucosa-associated flora, we explored the connections
between ileal bacterial richness and mucosal lymphocyte.
Increased richness in the mucosal microbiota following
lymphocyte depletion showed negative correlation with
the numbers of IEL and LPL (r = –0.962, p < 0.01; r =
–0.956, p < 0.01; Figures 4D and 4E). Interestingly, in-
tegration of correlations between species richness and
TCRab+ or TCRc d+ IELs were also determined (r = –0.941,
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Figure 2: Immunofluorescent analyses of lymphocytes in intestinal mucosa of cynomolgus monkeys by alemtuzumab treatment.

Longitudinal visualization of depletion and repopulation of CD4+, CD8+ and CD45+ cells (red) before and after alemtuzumab treatment
in the ileum (A) and colon (C) were performed by confocal laser scanning microscopy. Nuclei were counterstained with 4′,6-diamidino-2-
phenylindole (DAPI) (blue). The numbers of CD4+, CD8+, and CD45+ cells per HPF (magnification, ×200) in the ileum (B) and colon (D)
were measured by Image-Pro Plus 6.0. Data are presented as mean ± SD. ∗p < 0.05, ∗∗p < 0.01, compared with 0 day.
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Figure 3: Depletion and repopula-

tion of lymphocytes in intestinal

tissues after the administration of

alemtuzumab in cynomolgus mon-

keys. (A) IELs and LPLs were isolated
from the ileum tissues, which were
collected at indicated time points, and
their numbers were counted with a
hemocytometer. Data are presented
as mean ± SD. ∗p < 0.05, compared
with 0 day; #p < 0.05, compared with
9 days. Representative histograms of
flow cytometry showing dynamics of
percentage of CD3+TCRab+ IELs (B)
and CD3+TCRc d+ IELs (C).

p < 0.01; r = –0.927, p < 0.01, respectively; Figures 4F
and 4G). The results provide a clear demonstration that the
perturbation of the microbiota composition in ileal mucosa
is associated with lymphocyte depletion.

Alterations of predominant bacterial species in ileal

mucosa
To characterize the bacterial lineages presented in the ileal
mucosa after T cell depletion, we performed sequencing
analysis for identification of the predominant microbial phy-
lotypes. The bacterial species retrieved from the BLAST al-
gorithm were mostly belonged to three populated bacterial
taxa, namely the orders Lactobacillales and Enterobacteri-
ales, and the genus Prevotella (Figure 4H). The members
of the Lactobacillales order, such as Lactobacillus capillatus
(I1), Lactococcus plantarum (I5) and Weissella cibaria (I2),
composed on average 60% of the predominant bacteria in
animals of 0 day, whereas the proportion declined to 49%
and 40% at 6 and 9 days (p < 0.05; Figure 4I, Table S2).
A higher concentration of the Prevotella bacteria that was
absent in the animals of 0 day, including Prevotella co-
pri (I3) and Prevotella dentalis (I12), was detected in the
mucosa-associated microbiota at 6, 9 and 14 days (21%,
22% and 14% vs. 0 day, p < 0.01). The bacterial species
of the Enterobacteriales order, Escherichia coli (I14) and

Shigella flexneri (I13), were more presented on day 9 than
that of 0 day (18% vs. 6%, p < 0.01). Strikingly, the occur-
rences of the bacterial taxa were nearly normalized after
35 days. The differential distribution of the bacterial phylo-
types over time delineates unique effects of lymphocytes
depletion on the microbiota composition.

Altered bacterial community composition in colonal

mucosa
The response of colonal mucosa-associated microbiota
to lymphocyte depletion was then evaluated (Figure 5A).
Lymphocyte depletion induced a significant perturbation of
microbiota composition, resulting in low-similarity profiles
ranging from 45.5% to 58.4% between 0 day and the sam-
ples obtained from 1 to 14 days (Figure 5B). Following the
reconstitution of lymphocytes, the colonal mucosal popu-
lations showed a tendency towards normalized pattern of
bacterial distributions. Compared to 0 day, the community
structure at 35 and 56 days had a similarity coefficient of
72.3% and 78.1%, respectively.

As expected, lymphocyte depletion resulted in a dramatic
shift of the predominantly bacterial phylotypes in colonal
mucosa. The phylogenetic plot of the bacteria identified
in the colonal mucosa showed that the majority of the
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microbial population was associated with three bacterial
taxa: the orders Lactobacillales and Enterobacteriales and
the Bacteroides genus (Figure 5C). The enteric cocci from
the Lactobacillales order, especially Streptococcus caballi
(C7) and Enterococcus columbae (C8) and Streptococcus
pasteurianus (C10), were overrepresented in the mucosal
microbiota on days 1 and 6 (47% and 31% vs. 18% of 0
day, p < 0.01; Figure 5D; Table S3). The bacterial popu-
lations of the Bacteroides genus, Bacteroides intestinalis
(C4) and Bacteroides nordii (C4), reduced at 1 and 6 days,
accounting for only 10% and 9% of the enrichment (vs.
23% of 0 day, p < 0.01). Additionally, an increased propor-
tion in the Enterobacteriales order was measured in the
colonal mucosa after the infusion (p < 0.01). It was note-
worthy that the predominantly bacterial composition was
recovered following the reconstitution of lymphocytes.

Variations of the dominant fecal microbiota
We next assessed whether the structure and composition
of the fecal microbiota were affected by lymphocyte de-
pletion (Figure 6A). A significant variation in fecal commu-
nity structure were resulted from the lymphocyte deple-
tion, as characterized by low similarity ranging from 43.4%
to 57.1% in 21-day duration of alemtuzumab treatment
compared with 0 day (Figure 6B). It suggested that fecal
microbial composition was altered pronouncedly follow-
ing the depletion of lymphocytes. The overall phylogenetic
distribution of the bacterial species obtained from the fae-
ces was shown in Figure 6C. In comparison to 0 day, the
members of the Clostridiales order were more abundant
on days 1, 3, 6 and 9, whereas Faecalibacterium praus-
nitzii less abundant on days 3, 6, 9, 14 and 21 (Figure 6D;
Table S4). The proportions of the predominantly bacterial
subgroups went back to normalized after 35 days.

Discussion

The human gut is the primary site of the interaction be-
tween commensal microbiota and mucosal immune sys-
tem. It has been established that gut bacteria are crucial
for the development and function of the intestinal immune
system (15,18). The distinct component of the gut mi-
crobiota could play a role in the differentiation of certain
T cell subsets (26). Dysbiosis of the microbiota could re-
program intestinal immune responses (27), however, how
the intestinal immune cells, specifically IEL and LPL, af-
fect the microbiota composition in the intestinal mucosa,
is still unknown. In this study, we characterize the bac-

terial community composition after lymphocyte depletion.
We demonstrate that intestinal microbiota is perturbed af-
ter mucosal T cells are depleted, and it is subsequently
restored following the reconstruction of the lymphocytes.
We also document large compositional shifts in the specific
bacterial taxa including Lactobacillales, Enterobacteriales,
Clostridiales, Prevotella and Faecalibacterium over time of
T cell depletion. More importantly, mucosal lymphocytes,
especially TCRab+ and TCRc d+ T cells, are associated
with species richness of mucosa-associated microbiota.
Our findings demonstrate the importance of mucosal
T cell in maintaining the homeostasis of the gut microbiota
and further emphasize reciprocal interaction between the
host immune system and commensal microbiota.

Alemtuzumab is a humanized monoclonal antibody engi-
neered with a human fragment crystalizable (Fc) region,
and it could specifically recognize human CD52 antigen
and induces a profound depletion of lymphocytes and
monocytes (1–4,28). The macaque species are phyloge-
netically proximate to human and alemtuzumab crossre-
acts with macaques (20,29). Alemtuzumab is not equiva-
lently recognized by murine or rat effector cells (20). Non-
human primates are the most informative animal models
for alemtuzumab in transplantation research (29–31). Since
the antibody also recognizes CD52-positive erythrocytes in
nonhuman primates, it is important that the cynomolgus
monkey could be selected for CD52 antigen negative on
erythrocytes (20). In this study, cynomolgus monkeys with
CD52 antigen negative on erythrocytes are selected for the
experiment.

The roles of gut microbiota in the development of immune
system have been well known, however, it remains specu-
lative whether mucosal lymphocytes influence the indige-
nous commensal microflora. The results presented here
show that the gut microbiota is substantially perturbed by
the depletion of intestinal lymphocyte (Figures 4A, 5A and
6A). The commensal microbiota subsequently began to
recover from the perturbation and to reach normal state
following lymphocyte repopulation. The findings support
the concept that mucosal lymphocyte plays a critical role
in maintaining the balance of the commensal microbiota.

The intestinal microbiota composition, especially impor-
tant candidate bacterial species, may be influenced by
mucosal lymphocyte depletion. In the analysis of the
major bacterial taxa, we show that microbial population
composition, in particular the bacteria from Lactobacillales,

� Figure 4: Alterations of the composition of ileal mucosa-associated microbiota with the administration of alemtuzumab. (A)

Representative DGGE plots of ileal microbiota. I1 to I17 represent the prodominant bands. (B) Dendrogram of community similarities
drawn from DGGE fingerprints. The dendrogram was constructed using the unweighted pair group method with arithmetic means
(UPGMA), and the scale bar indicates similarity (%). (C) Comparison of bacterial diversity. Results are expressed as band numbers and
values are shown as mean ± SD (n = 3 each time point). ∗p < 0.05, ∗∗p < 0.01, compared with 0 day. Correlative analysis between band
numbers and the numbers of IEL (D) or LPL (E), the proportions of TCRab+ (F) or TCRc d+ cells (G). (H) Phylogenetic tree of sequences
of the identified bands in the gel and their nearest neighbors form the NCBI GenBank databases, using the neighbor-joining method by
MEGA 4.0. (I) Aggregate of microbiota composition by relative intensity of sequenced DNA bands after alemtuzumab treatment.
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Figure 5: Shifts of colonal microbiota composition in the depletion and repopulation of lymphocytes. (A) Representative DGGE
profiles of colonal microbiota at different time points post alemtuzumab treatment. C1 to C17 indicate the prominent bands for DNA
sequencing. (B) Dendrogram of community similarities drawn from DGGE fingerprints. (C) Phylogenetic tree generated from the 16S
rDNA sequences of predominant bacterial species in the conon (D) Analysis of the relative quantity in the sequenced DNA bands.
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Enterobacteriales and Prevotella, is strongly altered with
the depletion of mucosal T cells. The specific members
of the Lactobacillales order, including Lactobacillus spp.
and Weissella cibaria, is dominated in the ileal mucosa
prior alemtuzumab adminastration, while their abundance
is strikingly reduced after the depletion of mucosal T cells.
Components of the Lactobacillales order are mostly char-
acterized as the commensal organisms and are benefi-
cial in nature for the maintenance of normal microbiota
structure (32–34). Reduced colonization in these bacterial
species in ileal mucosa is probably an important signa-
ture of mucosa-associated microbiota dysbiosis. In addi-
tion, it is interesting that the members of the Enterobacte-
riales order show an increase in the proportions after mu-
cosal lymphocyte depletion. The bacterial species of the
Enterobacteriales order, such as Escherichia coli, Shigella
flexneri and Enterobacter ludwigii, are considered as op-
portunistic organisms and are less colonized in intestinal
mucosa (35–37). An increase in adherent Escherichia coli
in intestinal mucosa is associated with chronic intestinal
inflammation (35,36). Another noteworthy observation is
that the Prevotella bacteria are present exclusively in ileal
mucosa after the depletion of intestinal lymphocytes, sug-
gesting that the Prevotella genus might be susceptible to
the loss of mucosal lymphocyte. The Prevotella bacteria
adhered in the mucosa is able to digest mucins and it may
lead to the impairment of mucosal architecture (38). The
proportions of these bacteria, including the taxa Lactobacil-
lales, Enterobacteriales and Prevotella, are recovered with
the reconstruction of mucosal T cells. We further inves-
tigate the shifts in predominant bacterial species in the
colon during the depletion and repopulation of mucosal
lymphocytes. The altered proportions in the Lactobacillales
and Bacteroides orders are mainly observed in colonal mu-
cosa in response to lymphocyte depletion (Figure 5D). An
increased colonization by Lactobacillales, especially Strep-
tococcus spp. and Enterococcus columbae, while a less
abundance in the Bacteroides order, are seen in colonal
mucosa following lymphocyte depletion. The Bacteroides
is normally resided in the colon mucosa and plays a crucial
role in maintaining the homeostasis of mucosal immune
system (39). Taken together, our findings suggest that the
commensal microbiota are in response to T cell depletion
and the shifts of specific bacterial species might be asso-
ciated with the lymphocyte depletion.

The impact of intestinal T cell subsets on microbial col-
onization remains largely unexplored. We show that the
proportions of TCRab+ and TCRc d+ IELs are reduced, in-
dicating an imbalance of T cell phenotypes in intestinal
mucosa after lymphocyte depletion (Figures 3B, 3C). Im-
portantly, the percentages of TCRab+ and TCRc d+ cells

in IELs are correlated with the alterations in bacterial di-
versity (Figures 4F and 4G). The microbial colonization can
induce a dramatic expansion of TCRab+ T cells in germ-
free mice (40). TCRc d+ T cells are essential for controlling
mucosal penetration of commensal bacteria in intestinal
inflammation, implying a key function of TCRc d+ IEL in
acute mucosal injury (19). TCRc d+ IELs provide essential
antibacterial protection of the mucosal surface and could
be critical mediators of homeostasis between humans and
their microbiota (41). Our results indicate that TCRab+ and
TCRc d+ IEL are associated with the alterations of micro-
bial composition after lymphocyte depletion, which pro-
vides novel evidence for the reciprocal interaction between
T cell subsets and the commensal microbiota.

In summary, this study is the first description for the
characteristic of gut microbiota changes in response to
lymphocyte depletion. Differential distributions of specific
bacterial phylotypes, in particular the orders of Lactobacil-
lales, Enterobacteriales and Clostridiales, and the genus
of Prevotella and Faecalibacterium, are primarily to de-
fine the dysbiosis of the microbiota following lymphocyte
depletion. We demonstrate an association between the
perturbation of gut microbiota and lymphocyte depletion,
indicating the dominant role of mucosal lymphocytes in
shaping the microbial composition of the gut. Elucidation
of the relationship between the gut microbiota and mu-
cosal immune system would provide new information to
the effect of alemtuzumab on immune tolerance induction
in organ transplantation.
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� Figure 6: Molecular analysis of fecal microbiota after administration with alemtuzumab. (A) Representative fingerprints of DGGE
gels for the fecal microbiota. F1 to F23 represent most prominent bands. (B) Dendrogram of community similarities drawn from DGGE
profiles. The scale bar indicates similarity (%). (C) Phylogenetic relationship of 16S rDNA sequences obtained from the fecal specimens.
(D) Variations of relative proportions in the aggregate microbiota after alemtuzumab treatment.
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