L))

Check for
updat

Original Article

The deficiency of FKBP-5 inhibited hepatocellular progression by
increasing the infiltration of distinct immune cells and inhibiting
obesity-associated gut microbial metabolite
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Background: Gut microbiota has a number of essential roles in nutrition metabolism and immune
homeostasis, and is closely related to hepatocellular progression. In recent years, studies have also shown
that FK506 binding protein 5 (FKBP-5) plays a crucial role in immune regulation. However, it is not yet
clear whether FKBP-5 promotes the development of hepatocellular carcinoma (HCC) by affecting immune
function and gut microbiota.

Methods: FKBP-5 expression was verified by immunochemistry and western blot and reverse transcription
polymerase chain reaction (RT-qPCR) assays. After treatment in WT and FKBP-5" mice, the histological
characteristic of mice liver tissue was assessed by H&E staining, and hepatic leukocytes and hepatic NK'T
cells were identified by flow cytometer. Meanwhile, primary bile acids (BAs), secondary BAs, serum total
cholesterol, and the weight of abdomen adipose tissues were examined, and the gut microbiota was evaluated
by 16S ribosomal ribonucleic acid (rRNA) sequencing.

Results: We discovered that FKBP-5 was highly expressed in HCC tissues. Meanwhile, FKBP-5
deletion inhibited tumor progression by increasing CD* T, CD* T, NKT and CD*NKT cells in mice
after diethylnitrosamine (DEN) injection. Besides, we proved that FKBP-5 deletion generated rapid and
significant reductions in the intestinal BAs, the weight of abdomen adipose tissues and the serum total
cholesterol. FKBP-5 deletion also led to a change in the composition of gut microbiota, suggesting that BAs
are the main dietary factor regulating gut microbiota, which could be affected by FKBP-5 deletion. Further,
we uncovered that anti-CD#4 and anti-CD8 treatments facilitated hepatocellular progression by modulating
gut microbiota composition in FKBP-5"" mice.

Conclusions: Therefore, we demonstrated that FKBP-5 deletion inhibited hepatocellular progression by

modulating immune response and gut microbiome-mediated BAs metabolism.
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Introduction

Hepatocellular carcinoma (HCC) is a malignant cancer,
and has the sixth highest incidence rate and the third
highest mortality rate among all cancers worldwide (1). In
2012, an estimated 780,000 people were diagnosed with
HCC, and 750,000 died of HCC worldwide (2). More
than 50% of the new and fatal cases of HCC occurred in
China (3). HCC develops from long-term chronic liver
diseases (LTCLD), such as alcoholic liver diseases (ALD),
non-alcoholic fatty liver diseases (NAFLD), and repeated
injury, inflammation and regeneration of hepatocytes
caused by viral hepatitis (1,2). Intestinal flora is a complex
and dynamic microecosystem in the human digestive
tract, which has a balanced symbiotic relationship with the
host under physiological conditions (4). In recent years,
research has repeatedly shown that the composition and
function changes of the symbiotic microbial community in
the human body are closely related to various diseases and
health conditions (5). One study demonstrated that intestinal
microbes are associated with tumor formation (6). Intestinal
microorganisms can lead to the occurrence of tumors by
integrating oncogenes into the host genome, affecting
the stability of the host genome, and breaking the balance
between the host immune system (6). Recent studies have
shown that intestinal leakage, gut microbiota imbalances,
microbe-associated molecular patterns and microbial
metabolites may promote the development of HCC by
affecting liver inflammation, increasing cell proliferation
and inhibiting anti-tumor immunity (7,8). Besides, changes
in the gut microbial composition and intestinal permeability
can result in the imbalance of gut microbial and bacterial
migration (9). The gut microbial and their metabolites can
not only enter the liver to activate inflammation-related
signaling pathways, but also enter the systemic circulation
to form endotoxemia, jointly promoting the development
of chronic liver disease and HCC (10,11). However, the
specific mechanism by which gut bacteria contribute to the
progression of liver cancer remains unclear.

The FK506 binding protein 5 (FKBP-5), also known as
FKBP-51, is a FK506 binding protein (12). FKBP-5 has
two peptidyl-prolyl cis/trans isomerases domains and tree
polypeptide repeat (TPRs) domains that mediate protein-
protein interactions (13). FKBP-5 can directly bind to heat
shock protein (HSP90) and participate in the formation and
functional regulation of complex steroid hormone receptors
through its TPR domain (14,15). Many investigations have
suggested that FKBP-5 can regulate plentiful biological
processes, including immune regulation, steroid receptor
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activation, cell survival, protein synthesis, and folding and
transportation (16-18). In recent years, FKBP-5 has also
been found to have significant effects in the development
of tumors (19-22). FKBP-5 has been found to be highly
expressed in melanoma, prostate cancer, esophageal
adenocarcinoma, glioma and other tumor tissues, and
closely related to cell invasion, metastasis, and tumor drug
resistance (23-25). However, the function and mechanism
of FKBP-5 on HCC progression have not yet been fully
elucidated.

At present, research has shown that as a negative
regulator of glucocorticoid receptor, FKBP-5 plays an
essential role in regulating glycolipid metabolism (26-28).
For example, FKBP-5 knockout mice can resist obesity
induced by a high-fat diet by enhancing autophagy (29). In
addition, studies have also demonstrated that gut microbiota
regulates human glucose and lipid metabolism by inhibiting
Adenosine 5'-monophosphate (AMP)-activated protein
kinase, inducting adipocytokine activity, regulating the
activation of nuclear receptor peroxisome proliferator-
activated receptor-y (PPAR-y), and changing intestinal
permeability (30,31). Thus, it was hypothesized that FKBP-
5 might change the composition of gut microbiota.

In the present study, we aimed to explore the biological
functions and underlying molecular mechanisms of FKBP-
5 in HCC. Specifically, we identified the expression level
of FKBP-5 in HCC. After diethylnitrosamine (DEN)
injections, we conducted experiments to evaluate the
effects of FKBP-5 deletion on the recruitment and
activation of lymphocytes in HCC. We also investigated the
concentration of intestinal bile acids (BAs), the alteration of
gut microbiome, and the development of obese phenotypes.
Our results showed that anti-CD4 and anti-CD8 treatments
promote hepatocellular progression by modulating gut
microbiota composition in FKBP-5"" mice.

We present the study in accordance with the ARRIVE
reporting checklist (available at http://dx.doi.org/10.21037/
jgo-21-71).

Methods
Patients and sample collection

HCC tissues and matched para-carcinoma tissues (5 cm
from the margin of cancer) were extracted from HCC
patients at the Shenzhen Traditional Chinese Medicine
Hospital from January 2018 to October 2018. The
pathological features of the tissues were identified by an
experienced pathologist. During the operation, the patients’
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tissues were extracted and immediately stored in a —-80 °C
refrigerator. The study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013). Written
and informed consent forms were obtained from all of
the participating patients. The study was approved by the
Shenzhen Traditional Chinese Medicine Hospital Ethics
Committee.

Immunochemistry assay

Adopting the approach of previous research (32), HCC
tissues and para-carcinoma tissues were dewaxed and
hydrated. The peroxidase activity was blocked through
the usage of 3% hydrogen peroxide, and ethylene diamine
tetraethyl acid was applied at a high temperature and
high pressure for the antigen retrieval. The sections were
blocked with 10% goat serum (Life Technologies, cat. no.
16210-064) for 40 minutes at 37 °C and incubated with
primary antibody (FKBP-5, Abcam, ab2901) overnight at
4 °C. The next day, after washing with phosphate-buffered
saline (PBS), the sections were disposed with goat anti-
rabbit IgG H&L (HRP, Abcam, ab6721) for 20 minutes at
37 °C. After treatment with 3, 3’-diaminobenzidine (R&D
Systems, cat. no. CTS010), the nuclei were stained with
hematoxylin (Sigma-Aldrich, cat. no: HHS32). The results
were observed using a microscope.

Western blot assay

As discussed previously (33), the extracted protein
(30 pL) was isolated using SDS-PAGE and transferred to
nitrocellulose membranes (Millipore, Billerica, MA, USA).
After blocking with 5% low-fat dried milk for 2 hours,
the membranes were incubated with primary antibodies
against anti-human FKBP-5 (1/1,000, Abcam, Cambridge,
UK, ab2901) and GAPDH (1/2,000, Abcam, ab128915)
overnight at 4 °C. After washing with PBS, a secondary
antibody (1/2,000, Abcam, ab205718) was used to incubate
the membranes for 2 hours at room temperature. Finally,
the results were examined using enhanced chemiluminescent
reagents.

Cell culture

Human liver (HL)-7702 and HCC cells (i.e., SMMC-
7721, Hep 3B, Huh7, Hep G2, and LO2) were purchased
from the American Type Culture Collection. HL-7702,
SMMC-7721, Hep 3B, Huh7, and Hep G2 were grown
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in the Dulbecco’s Modified Eagle’s medium (Hyclone),
and LO2 cells were incubated in RPMI 1640 medium
(Gibco, Grand). 10% fetal bovine serum (Gibco) and
1% streptomycin-penicillin (Invitrogen) were added to
all media. All cells were cultured at 37 °C in a humidified
incubator with 5% CO,.

Reverse transcription quantitative polymerase chain
reaction assay

Total ribonucleic acid (RNA) was extracted using a
TRIzo Reagent (Invitrogen, cat. no. 15596026) in
accordance with the directions provided. A NanoDrop
2000 Spectrophotometer (Thermo Scientific) was
also applied to evaluate the quality of the RNA. The
first strand complementary deoxyribonucleic acids
(DNAs) were synthesized using a PrimeScript RT
reagent kit (Takara, Tokyo, Japan) with 1 pg RNAs.
Next, polymerase chain reaction (PCR) amplification
was used to examine the FKBP-5 level using a SYBR®
Premix Ex Taq™ II kit (TaKaRa, cat. no. RR820A)
on an Applied Biosystems 7500 Fast Real-Time PCR
system. The relative expression level of FKBP-5 was

counted using the 27

method. The sequences of
primers were as follows: mouse FKBP-5, forward primer:
5'-CCCCAATGCTGAGCTTATGT-3", reverse primer:
5'-AACGACTCTGAGGCTTTGGA-3"; human FKBP-5,
forward primer: 5'-TCCCTCGAATGCAACTCTCT-3',
reverse primer: 5'-AAACATCCTTCCACCACAGC-3;
mouse B-actin, forward primer: 5'-TATGCCAACACAG
TGTTGTCTGG-3"', reverse primer:
5'-TACTCCTGCTTGCTGATCCACAT-3"; human
p-actin, forward primer: 5'-ATCTGGCACCACACCTTC
TACAATGAGCTGCG-3', reverse primer: 5'-CGTCATA
CTCCTGCTTGCTGATCCACATCTGC -3'.

Animals

FKBP-5" C57BL/6 mice and wild-type (WT) C57BL/6
mice were provided by the Institute of Experimental Animals,
Academy of Medical. Sciences of China. We chose FKBP-
57 mice and WT mice (age: 8 weeks, weight: 20-24 g;
there were 5 mice in each group). The animals were
bred to adapt to the new environment. The mice lived in
comfortable environments (were provided with adequate
and clean food and water, and exposed to 12 hours of
lighting per day in an environment with 50-60% humidity
and temperatures of 18-22 °C). The program for the animal
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experiment was approved by the Institutional Animal Care
and Use Committee. In the process of the experiment, the
principle of animal welfare was fully considered.

Treatment

At 14 days, an intraperitoneal injection of 25 mg/kg
diethylnitrosamine (DEN, Sigma-Aldrich, Munich,
Germany) was used to induce liver cancer. At 10 weeks,
the mice were treated with anti-CD4/anti-CD8, and at
25 weeks, the mice were executed.

Measures of intrabepatic leukocytes

According to previous research (34), intrahepatic leukocytes
were separated and assessed using fluorescence-activated

cell sorting (FACS).

Hematoxylin and eosin staining

The live tissues from the WT mice, FKBP-5"" mice and
anti-CD4 and anti-CD8-treated FKBP-5"" mice were
fixed in 4% paraformaldehyde (Sigma-Aldrich, cat. no.
P6148) and dehydrated with alcohol. Next, 5-pm sections
were stained with hematoxylin and eosin (H&E) solution
(Solarbio, H8070). The results were examined using a
microscope (Nikon, Japan).

16S ribosomal ribonucleic acid sequencing

The contents of the rectal segments of the mice in each
group were collected, and DNAs were extracted using a
PowerSoil DNA Isolation Kit (MO-BIO, cat. no. 12888)
in accordance with the experimental instructions provided.
RNA amplification was performed using Q5 High-Fidelity 2x
Master Mix (New England Biolabs) of the extracted DNAs.
After RNA purification, high-throughput sequencing was
performed to analyze the sequences of 16S using an Illumina
MiSeq platform. The complete obtained genetic sequences
were uploaded to MG-RAST. After comparing these to the
Greengenes database, the characteristics of the bacterial
community structure were obtained.

BAs and serum total cholesterol detection

The levels of gut BAs were analyzed using the BA Assay Kit
by Enzyme Cycle Method (Sichuan Maker Biotechnology
Co., Ltd. Chengdu, China; CH0103005 R1) in accordance
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with the instructions provided. The levels of serum total
cholesterol were also assessed using a total Cholesterol
Test Kit (cat. no. 58236) according to the experimental
instructions provided. In addition, the weight of the
abdomen adipose tissues was measured.

Statistical analysis

In this study, data were expressed as mean = standard error
of the mean (SEM). The results were analyzed using SPSS
v20 software (IBM Corp., Armonk, NY, USA), and a one-
way analysis of variance was conducted. Differences in
abundance were evaluated using a non-parametric factorial
Kruskal-Wallis sum-rank test based on LEfSe software. A
classification analysis was undertaken using the Ribosomal
Database Project (Classifier). A P<0.05 was considered
statistically significant.

Results
FK506 binding protein 5 was bighly expressed in HCC

To analyze the expression level of FKBP-5 in HCC, HCC
tissues and para-carcinoma tissues were collected. The
results of the immunochemistry (IHC) assay showed that
FKBP-5 expression was higher in HCC tissues than the
matched para-carcinoma tissues (see Figure 1A). Similarly,
the results of the western blot assay demonstrated that
FKBP-5 was more highly upregulated in HCC tissues than
para-carcinoma tissues (see Figure 1B). Additionally, we
found that compared to HL-7702 cells, the level of FKBP-
5 was significantly aggrandized in HCC cells (i.e., Hep
G2, SMMC-7721, Hep 3B, Huh7, and LO2) (P<0.05,
P<0.001; see Figure 1C). Thus, we proved that FKBP-5 was
upregulated in HCC.

The deficiency of FK506 binding protein 5 inbibited DEN-
induced bepatocellular progression

"To verify that tumor progression was regulated by immune
cells but not by parenchyma or other nonparenchymal cells,
WT and FKBP-5" mice were intraperitoneally injected
with DEN at 14 days, and mice were executed at 25 weeks
(see Figure 2A4). The results of the H&E staining showed
that the number and growth of liver tumors were lower in
FKBP-5""mice than in WT mice (P<0.05; see Figure 2B).
Notably, the messenger ribonucleic acid (mRNA)
expression level of FKBP-5 increased dramatically after
DEN treatment in WT mice at 25 weeks (P<0.05; see
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Figure 1 FKBP-5 was highly expressed in HCC. (A) The expression of FKBP-5 was examined by the IHC staining of para-carcinoma

tissues and HCC tissues. The representative images were displayed. Magnification, 100x; Scale bar =100 pm. (B) The western blotting

analysis of FKBP-5 expression in HCC tissues (He) and para-carcinoma tissues (Pa), GAPDH was used as an internal reference. (C) The
mRNA expression level of FKBP-5 was confirmed by RT-qPCR assay in HL-7702 and five HCC cells (SMMC-7721, Hep 3B, Huh7, Hep

G2, and LO2), *, P<0.05; ***, P<0.001 vs. HL.-7702 cells.

Figure 2C). Further, FACS gating was used to analyze the
characteristics of the hepatic leukocyte populations. As
Figure 2D shows, the proportions of hepatic leukocytes
(CD8" T cells, CD4"T cells, NKT cells) and hepatic NKT
(CD4+ NKT) cells were significantly higher in FKBP-57"
mice than WT mice (P<0.05, P<0.001). Thus, we suggested
increasing the infiltration of distinct immune cells to knock
out FKBP-5 inhibited hepatocarcinogenesis.

FK506 binding protein 5 deletion-mediated gut microbial
alterations were related to BAs

To further demonstrate the interaction of BAs with gut
microbiota, the concentration of BAs was assessed in the
gut content of WT and FKBP-5" mice. The results showed
that the FKBP-5" mice had markedly lower levels of gut
BAs than WT mice (P<0.05, P<0.001; see Figure 3A4). Our
results also showed that FKBP-5 deletion significantly
decreased the weight of abdomen adipose tissues and the
level of serum total cholesterol, which suggests a correlative
relationship between FKBP-5 deletion and phenotype
alteration (P<0.001; see Figure 3A4). In addition, the results
from the phylum bar plot showed that the composition of

/-

gut microbiota was similar in WT and FKBP-5"" mice, and
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the abundance of bacteroidales and verrucomicrobiales and
clostridiales, burkbolderiales and enterobacteriales were higher
in FKBP-5" mice than WT mice (see Figure 3B). Thus,
FKBP-5 deletion may reduce gut microbiome alterations
and the development of obese phenotypes.

The combination of anti-CD4 and anti-CD8 promoted
bepatocellular progression by modulating gut microbial
community in FK506 binding protein 5™ mice

Next, we explored the roles of anti-CD4 and anti-CD8
on hepatocellular progression in FKBP-5"" mice. As
Figure 44 shows, at day 14, WT and FKBP-5"" mice were
intraperitoneally injected with DEN, at 10 weeks, mice were
treated with anti-CD4/anti-CD8, and at 25 weeks, mice
were executed. We found that the number and growth of
liver tumors were higher in anti-CD4 and anti-CD8-treated
FKBP-5" mice than untreated FKBP-5"" mice (P<0.01;
see Figure 4B). Additionally, our results showed that the
levels of gut BAs, the weight of abdomen adipose tissues,
and the level of serum total cholesterol were markedly
higher in anti-CD4 and anti-CD8-treated FKBP-5"" mice
than untreated FKBP-5"" mice (P<0.01; see Figure 4C).
Further, the results of the phylum bar plot showed that

7 Gastrointest Oncol 2021;12(2):711-721 | http://dx.doi.org/10.21037/jgo-21-71



716

A wyrkeps ™

Zhang et al. FKBP-5 deletion inhibits hepatocellular progression

DEN i.P.
l I I Sacrifice, sampling
0d 14 d 25 wk
B . 3.0- C s
wt FKBP5 c .
. S
o 23 2 2.0 .
5 o
9 2.0 . <
5 . ) E1 5 .
% 1.5+ <Z( m AA
3 : T 104 "
o vlv e =
_,(7’, 10. 3 | o viv
T - 2
& o05{ v
0.5+ 5
o
0.0 : — 0.0 T T
wt FKBP5™ Control DEN
D . .
CD8' T-cells CD4* T-cells NKT T-cells CD4"NKT-cells
S 307 - $ 257 X 20 < 804 "
E g - ‘&nj . s
2 2 °
§ . g 20 g 154 S 604 T
< 20- = 3 %
3 3 157 2 z
o 9 £ 10] 2 40-
g g 1] g &
2 10- 2 2 £
— - b~ o -
s 5 4 5 5 ° 20
c c c [0}
o} [0} @ o
o 1< s o 0
T 0- — o 0o o O - o O T
e wt FKBP5™ o wt FKBP5™ & wt FKBP5™ wt FKBP5™

Figure 2 The deficiency of FKBP-5 facilitated cytokine-releasing lymphocytes in HCC. (A) Schematic diagram of WT and FKBP-5""
mice treatment by intraperitoneal injection (i.p.). (B) H&E staining was applied to assess the histological characteristics of the livers of
WT and FKBP-5"" mice. Magnification, 100x; Scale bar =100 um. The histological score was counted. *, P<0.05 vs. WT mice. (C) A RT-
qPCR analysis of FKBP-5 was performed in DEN-treated and untreated-WT mice. *, P<0.05 vs. control (DEN-untreated mice) group. (D)
Hepatic leukocytes (CD8" T cells, CD4" T cells, NKT cells) and hepatic NKT cells were evaluated by an FACS assay. The percentages were

calculated. *, P<0.05; **, P<0.01 vs. control group.

the abundance of bacteroidales and verrucomicrobiales were
decreased, and clostridiales, burkbolderiales and enterobacteriales
were increased after anti-CD4 and anti-CD8 treatments
in FKBP-5" mice (see Figure 4D). Thus, a combination
of anti-CD4 and anti-CD8 appears to induce the obesity-
associated gut microbial composition.

Discussion

FKBP-5 is a protein located on the surface membrane of
cells that largely contains three domains; that is, two FKBD
domains (FK1, and FK2) and one TPR domain (TPRI1,
TPR2, and TPR3) (35). Previous research has suggested
that FKBP-5 is widely expressed in kidney, skeletal muscle,
liver, placenta, heart, peripheral lymphocyte, small intestine,

© Journal of Gastrointestinal Oncology. All rights reserved.

ovary, testis, thymus, and lymph node (36-39). Previous
studies have found that FKBP-5 enhances cancer cell
motility and invasion (40), and FKBP-5 is involved in the
development processes of various cancers, including breast
cancer, myeloma, prostate cancer, melanoma, pancreatic
cancer, and acute lymphoblastic leukemia (19-25). In
the present study, we further demonstrated that FKBP-
5 expression is significantly increased in HCC tissues
and cells, which suggests that FKBP-5 might accelerate
hepatocellular progression. Notably, the expression trend
of FKBP-5 in HCC is consistent with other cancers as
identified in previous research.

Previous research has shown that FKBP-5 is an immune
macromolecule with various biological functions (41,42),
and that FKBP-5 plays a pivotal role in immunoregulation,

7 Gastrointest Oncol 2021;12(2):711-721 | http://dx.doi.org/10.21037/jgo-21-71



Journal of Gastrointestinal Oncology, Vol 12, No 2 April 2021

A
Primary BA Secondary BA

44 4

34 34
()] ()]
S S

% 2= %’ 24
1S €
c - c

1 14

0- 0-

wt FKBP5™ wt FKBP5™
Abdomen adipose tissue Serum total cholesterol
0-3 7 i 6 b Kk

0.2 4 4 4
<
o
© £
€

0.1 4 24

0.0 04

wt FKBP5™ wt FKBP5™

717

100
904
80+
704
g
8 60~
c
©
2
=] 504
Q
©
[}
=
B 40+
[0}
o
304
20+
104
G L] L] L] 1 1 1
1 2 3 1 2 3
wt FKBP5™
[ Bacteroidales Verrucomicrobiales
Il Clostridiales Il Burkholderiales
B Lactobacillales Enterobacteriales
Il Others

Figure 3 FKBP-5 deletion-mediated gut microbial alterations were related to BAs. (A) The concentrations of primary BAs, secondary BAs,

serum total cholesterol, and the weight of the abdomen adipose tissues were measured in WT and FKBP-5"" mice. *, P<0.05; **, P<0.01; ***,

P<0.001 vs. WT mice. (B) Mean percentage of the total population in gut microbiota in WT and FKBP-5"" mice.

steroid hormone regulation, depression, carcinogenesis,
and drug resistance (12). For example, the combination
of immunosuppressor and FKBP-5 appears to inhibit the
Ca’ signaling pathway, and consequently the activation of
T cells (43). Thus, FKBP-5 plays a crucial role in immune
regulation. Further, other studies have demonstrated that
inflammatory microenvironment and immunoregulation are
closely related to the progression, angiogenesis and invasion
of various tumors, including liver cancer (44-47). However,
before this study, the effect of FKBP-5 on an inflammatory
microenvironment and immunoregulation in HCC, had
not yet been fully elucidated. In this study, we found that
FKBP-5 deletion reduces the number and growth of liver
tumors and increases the proportions of hepatic leukocytes
(CD8" T cells, CD4" T cells, and NKT cells), and hepatic
NKT (CD4" NKT) cells. Among them, both natural killer

© Journal of Gastrointestinal Oncology. All rights reserved.

T cells (NKT cells) and natural killer (NK) cells can exert
anti-tumor immune effects, including natural immunity
and specific immunity. NK cells are important effector cells
that regulate the activation and inhibition of receptors,
while NKT cells can eradicate tumor cells (48). CD4" and
CDS8" are two major subgroups of T cells, among which
CD#4" can regulate cytokines, enhance cell-killing ability,
regulate humoral immunity, and kill tumor cells (49). Thus,
we hypothesized that FKBP-5 deletion would suppress
hepatocarcinogenesis by modulating the immune response.
Previous research has suggested that an intestinal flora
imbalance often plays a key role in the development of
chronic liver disease and HCC (50). Additionally, research
has shown that bacterial translocation caused by intestinal
leakage can cause infectious complications of advanced
liver disease and chronic inflammation (51). For example,
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Figure 4 Combination of anti-CD4 and anti-CD8 promoted hepatocellular progression by modulating gut microbial community in FKBP-

57 mice. (A) Timeline of the experimental progress (WT and FKBP-5" mice). The experiment was divided into the FKBP-5"" group and
FKBP-5" + anti-CD4 (aCD4)/anti-CD8 (aCD8) group. (B) The histological features of live were measured by H&E staining in FKBP-
57 mice and anti-CD4 and anti-CD8-treated FKBP-5"" mice. The pathologic results were shown; Magnification, 100x; Scale bar =100 pm.
The histological score was also counted. **, P<0.01 vs. FKBP-5"" mice. (C) After the anti-CD4 and anti-CD8 treatments in FKBP-5" mice,
the concentrations of primary BAs, secondary BAs, serum total cholesterol, and the weight of abdomen adipose tissues were examined. *,
P<0.05; **, P<0.01 vs. FKBP-5"" mice. (D) The distribution of gut microbial community in FKBP-57" mice after treatment with anti-CD4

and anti-CD8.

intestinal microorganisms can regulate the growth of liver
cancer by affecting the expression levels of pro-inflammatory
and anti-inflammatory cytokines in the liver (52). Another
study also found that inflammation in the liver can induce
the production of cells that produce immunoglobulin IgA,
and promote the formation of HCC by inhibiting the anti-
tumor activity of CD8"T cells (53). Thus, the anti-tumor
immune response in the liver is closely related to intestinal
bacteria. Intestinal microbes have also been reported to be
closely associated with intestinal inflammation (54), chronic
intestinal inflammation (55), metabolic inflammation (56)

© Journal of Gastrointestinal Oncology. All rights reserved.

and liver inflammation (57), etc. Moreover, research has
also shown that in patients with chronic liver disease and
cirrhosis, bacterial imbalance is manifested by an increase
in the number of potential pathogens and a decrease in the
number of beneficial bacteria (58). For example, a high-
fat diet has been shown to lead to an increase of gram-
negative bacteria in mice’s intestines and a decrease in the
ratio of bacteroidetes to firmicutes (59). In our study, we
found that FKBP-5 deletion increased bacteroidales and
verrucomicrobiales, and decreased clostridiales, burkbolderiales
and enterobacteriales in HCC. Thus, it appears that FKBP-5

7 Gastrointest Oncol 2021;12(2):711-721 | http://dx.doi.org/10.21037/jgo-21-71



Journal of Gastrointestinal Oncology, Vol 12, No 2 April 2021

deletion could induce gut microbial alterations.

The imbalance of flora is mainly driven by features of
end-stage liver disease, such as bile secretion reduction, and
changes in the antimicrobial peptides and IgA secreted by
the intestine (60). BA refers to a type of cholic acid in bile,
which is the end product of cholesterol catabolism (61).
Total bile acids (TBAs) include primary BAs and secondary
BAs, the generation and metabolism of which are closely
related to the liver (62). Currently, TBAs have been used as
a sensitive indicator of liver function. In the present study,
we found that FKBP-5 deletion could reduce the levels
of TBAs, and decrease the weight of abdomen adipose
tissues and the level of serum total cholesterol. Thus, we
showed that the deficiency of FKBP-5 inhibits the secretion
of TBAs and obese phenotypes of mice. In addition, we
showed that FKBP-5 deletion-mediated gut microbial

alterations are relevant to BAs.

Conclusions

The present study showed that the deficiency of FKBP-
5 suppresses hepatocellular progression by increasing the
proportions of hepatic leukocytes and inhibiting obesity-
associated gut microbial metabolite. Thus, FKBP-5 might
serve as a potential therapeutic target of HCC. These results
provide novel insights into the complex molecular mechanisms
of HCC. However, it should be noted that this study had
a number of limitations. For example, it did not examine
whether FKBP-5 deletion-induced gut microbial alterations
are relevant to the anti-tumor immune response in HCC, or
whether there are more regulatory mechanisms in the FKBP-
5/immune regulation/intestinal bacteria/HCC axis.
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