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Abstract

Background Sulfotransferase family 2B member 1 (SULT2B1) is involved in regulating cell proliferation, migration
and metabolism. However, there is still dispute regarding whether SULT2B1 acts as an oncogene or a suppressor,
and the intrinsic mechanisms in modulating tumor progression need to be further elucidated.

Methods This work aims to reveal the relationship among SULT2B1, AKT, PKM2 signaling and glycolytic pathways,
and provided a theoretical basis for SULT2B1 as a potential therapeutic target for CRC Bioinformatics methods, immu-
nohistochemistry (IHC) and immunoblotting assays were performed to analyze the correlation between SULT2B1
and colorectal cancer (CRC). The effect of SULT2B1 on cell proliferation and migration were investigated by several
phenotypic experiments in vitro and animal studies. The SULT2B1 interacting proteins were determined by immuno-
fluorescence, immunoprecipitation and GST-pull down assays. Immunoblotting and mCherry-GFP-LC3 assays were
performed to analysis autophagy. Chromatin immunoprecipitation (CHIP) assay was utilized to detect the effect

of SULT2B1 in regulating transcription. Small molecule agonist/antagonist was used to modify protein activity

and therefore analyze the mutual relationships.

Results SULT2B1 is a predictive biomarker that is abnormally overexpressed in CRC tissues. Overexpression

of SULT2B1 promoted cell proliferation and migration, while its knockout suppressed these processes. Furthermore,
SULT2B1 could directly interact with the oncogene AKT and thereby enhance the activity of AKT-mTORC1 signaling.
Furthermore, PKM2 was found to bind with SULT2B1, and regulated by SULT2B1 at both transcription and degradation
levels. Moreover, blocking glycolysis attenuated the promoting effect of OE-SULT2B1.

Conclusion SULT2B1 acts as an oncogene in CRC via modulating the AKT/PKM2 axis, therefore making it a promising
diagnostic and therapeutic target for CRC.
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early diagnosis and precision treatment are crucial and
vital, emphasizing the importance of identifying better
biomarkers for diagnosis and targeted therapy [3].

Sulfotransferase family 2B member 1 (SULT2BI),
located at chromosomal loci 19q13.3, plays a role
in controlling the metabolism of cholesterol and
hydroxysteroid [4, 5]. Previous research indicates that
SULT2B1 plays crucial roles in regulating immunologi-
cal responses, such as suppressing the LXR pathway to
impact the immunity checkpoint [6], alleviating ulcera-
tive colitis, limiting neutrophil recruitment and gut
inflammation, and promoting pro-inflammatory mac-
rophage polarization [7-9]. Moreover, it has also been
associated with the progression of numerous cancer
types, including prostate cancer, gastric cancer, hepa-
tocellular carcinoma, and CRC [10-12]. Besides play-
ing a role in regulating cell proliferation, SULT2B1 also
enhances cell invasion and radio-resistance in CRC
[13]. Little is known about the association between
SULT2B1 and the glycolytic pathway, except that
knocking down SULT2B1 weakened glycolytic metabo-
lism in LoVo cells [14]. Here, we validated that it has
the potential to modify the glycolytic pathway by pro-
moting and interacting with PKM2 (Pyruvate Kinase
M2), a rate-limiting enzyme in the glycolytic pathway.

As a serine/threonine kinase, also known as protein
kinase B, AKT plays pivotal roles in a variety of physi-
ological and pathological processes [15]. A wide range
of growth signals and biochemical mechanisms can acti-
vate AKT, followed by regulating the function of various
downstream proteins involved in cellular proliferation,
invasion, migration, and metabolism [16]. An important
downstream signaling molecule is mTOR (the mamma-
lian target of rapamycin), which could influence tran-
scription and translation by its two downstream effectors
[17]. In mammalian cells, three highly homologous AKT
isoforms (AKT1, AKT2 and AKT3) are expressed and
perform analogous functions, yet studies showed AKT
isoforms display opposite functions in tumor initiation
and growth [18]. Meanwhile, the expressions of AKT iso-
forms have tissue and cell specificity. As one of the rate-
limiting enzymes in glycolysis, pyruvate kinase catalyzes
the conversion of phosphoenolpyruvate to pyruvate,
while PKM2 is essential for aerobic glycolysis in cancer
cells [19]. Apart from glycolysis, PKM2 participates in
regulating cancer cell proliferation, invasion and metasta-
sis [20]. Despite some controversy, there have been stud-
ies revealing the relationship between AKT and PKM2,
as they may accompany or promote each other in certain
circumstances [21, 22]. In the current study, we verified
that AKT functions upstream of PKM2 in the SULT2B1-
modified CRC cells.
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In this study, we demonstrated that SULT2B1 was
abundantly expressed in CRC and positively regulated
cell proliferation in vitro and in vivo. Moreover, SULT2B1
positively modified the protein levels of AKT and PKM2,
and interacted with both of them. Further investigation
indicated that SULT2B1 regulates CRC progression in an
AKT/PKM2-dependent manner, and therefore uncover-
ing an intimate relationship between SULT2B1 and AKT/
PKM?2 signaling, which could shed light on the diagnosis
and therapy for CRC.

Materials and methods

Chemicals and antibodies

Cells RIPA lysis and extraction buffer (89901) were pur-
chased from Thermo Scientific (Waltham, MA, 02454).
PMS (P9625) and MTS (G111) were obtained from
Sigma-Aldrich and Promega Corporation (Madison, W1,
USA), respectively. Modified Giemsa staining solution
(C0131), Crystal violet staining solution (C0121), ECL
luminescent solution (P0018S), EDU cell proliferation kit
with Alexa Fluor594 (C0078S) and Eosin Staining Solu-
tion (C0109) were obtained from Beyotime (Shanghali,
China). Cell Cycle Detection Kit (KGA512) was pur-
chased from Key Gene (Netherlands). SC79 (HY-18749),
API-2 (HY-15457), Shikonin (HY-N0822), and Tepp46
(HY-18657) were all purchased from MedChemexpress
(NJ, USA). 2DG (PHR9231) and Chloroquine diphos-
phate salt (C6628, CQ) was obtained from Sigma (USA).
The detailed information of antibodies was shown in
Table S1.

Cell cultivations and transfections

The CRC cell lines including HT29, SW480, HCT116,
HCT8, and LOVO were obtained from ATCC. All
the cells were cultured in Dulbecco’s modified Eagle’s
medium (DMEM) (C11995500BT, GIBCO, NY, USA)
complemented with 10% bovine serum (10099-141,
GIBCO, NY, USA) and 1% antibiotics (UB89609, BIOO-
DIN, China) at 37 °C,5% CO,. When the cells grew to
70%—80% confluency, transfections were performed. For
the OE-SULT2BI cell line construction, the OE-Ctrl and
OE-SULT2B1 plasmids bought from Fenghui Biotech-
nology (China) were transfected by Attractive Transfec-
tion Reagent (301005, QIAGEN, Germany) according
to the manufactory’ instructions, and the transfection
was conducted in a 6 cm dish with 1000 ng plasmids.
For SULT2B1 knockout cell line generation, the KO-
SULT2B1 plasmids (1000 ng) (Genai Biotechnology)
were transfected in a 6 cm dish by Attractive Transfec-
tion Reagent, and then monoclonal cells were screened
and validated. The sequences of KO-SULT2B1 Crispr-
cas9 gRNA were as follows (gRNA: GATGGGCACGGA
GCGGATCCAGQG). For interfering the AKT expression
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level, the siRNA (25 nM final concentration) (sc-43609,
Santa, USA) were transfected by DharmaFECT Transfec-
tion Reagent (T-2002-02, Thermo Fisher Scientific, USA)
according to the manufactory’ instructions. Moreover,
theOE-PKM2 lentivirus (used at 100 MOI) was bought
from OBiO (H5809, Shanghai, China), and infected indi-
cated cells for 24 h.

Immunoblotting

The whole protein lysates were extracted from indicated
cells, CRC patient’s tissues and mouse tissues with RIPA
lysis and denatured at 100°C for 15 min. Then the sam-
ples were separated by Pre-SDS-PAGE (Gel42012, E-life
technology Beijing), transferred to PVDF membranes
(88520, Invitrogen, USA), and blocked with 5% skim milk
powder. Whereafter, the membranes were incubated with
the specific primary antibody at 4°C overnight, the sec-
ondary antibody for 1 h at room temperature, and the
bands were visualized by means of the ECL luminescent
solution.

The surgical specimens of CRC patients were collected
from the department of general surgery at the Second
Hospital of Lanzhou University, and the detailed infor-
mation of CRC surgical patients was listed in Table S2.

Real-time quantity PCR

The total cellular RNA was extracted using the RNA Easy
Fast Tissue/Cell Kit (DP451, TIANGEN, Beijing, China)
according to the manufacturer’s protocol. 1 ug of RNA
was conducted as reverse transcription incubated at 37 C
for 15 min using 5X EasyQuickMasterMix (CW2634M,
CWBIO, China). The reactions were terminated by heat
inactivation at 85 °C for 5 s. Subsequently, qPCR was
initiated with a degeneration for 10 min and then went
into the cycle program with 95 °C (15 s), 60 °C (45 s), and
72 °C (1 min) for up to 40 cycles. The sequences of prim-
ers for amplification were as follows:

Gene Primer Nucleotides
SULT2B1 Forward (5'— 3") Reverse  CGGGCTTGTGGG
(5'—3") ACACCTA CATCTT
GGGTGTTCTCCGCC
B-Actin Forward (5'— 3") Reverse  GCCTGACGGCCA
(5'—3" GGTCATCAC CGG
ATGTCCACGTCA
CACTTC

Cell viability assay

The specific cells were divided into 96-well plates (5000—
10,000 cells per well) and cultured overnight with or
without specific treatments. Whereafter, the detection
mix containing MTS/PMS (20:1) was added with 10
uL per well, and continuously cultured for 1-2 h. Cell
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viability were detected at 492 nm absorbance by a micro-
plate reader.

Colony growth assay and EDU-staining cell proliferation
assay

For colony growth assay, the cells were separated into
12-well plates, ensuring 100-200 cells per well, and con-
tinually cultured for approximately 14 days. After that,
the cell colonies were fixed with paraformaldehyde at
room temperature for 15 min, stained with Giemsa dye,
and then pictures were taken, followed by counting the
number of colonies by means of Image J software.

For EDU-staining cell proliferation assay, the cells were
separated into a 24-well plate and cultured continuously
overnight. Subsequently, EDU staining was performed as
the manufacturer’s introduction. Finally, the photographs
were taken under a fluorescence microscope, and the
data was analyzed using Photoshop and Image J software.

Would healing test and transwell invasion assay

For a wound healing test, the cells with 70-80% conflu-
ence were collected, suspended, and divided into scratch
plugs in a 12-well plate, with 110 uL per small compart-
ment. After growing for an entire night, the plugins were
vertically removed, and floating cells were washed away
with PBS. Following this, low serum medium (1% FBS, 1%
antibiotics) was added to each well. Then the cells were
cultured continuously with or without specific treatment.
At indicated time, a microscope was used to photograph
the scratch statuses and measure the closed wound areas
with Photoshop software.

For Transwell invasion assay, in brief, the cells sus-
pended by the low serum glucose-free DMEM medium
(1%) were separated into the up chamber with Matrigel
following the 10% serum high glucose DMEM medium
was added to the lower chamber. After a 24—48 h con-
tinuous culture, the cells were fixed, washed, and stained.
Whereafter, the images were taken under a microscope,
and then counted by Image ] software.

Immunohistochemistry (IHC) staining

The human tissue microarray (D100Co01) was pur-
chased from Ernan Biotechnological Company (Xi'an,
China). For xenograft tumors, the samples were fixed,
dehydrated, embedded in paraffin, and then sectioned
into sections with a thickness of 4 pm. Subsequently, the
microarray and sections were baked, dewaxed, hydrated
and repaired antigen. Thereafter, the Rabbit/mouse IgG-
two-step immunohistochemistry kit (SV0004, BOSTER)
was used following the instructions (primary antibody:
diluted at 1:100). After DAB (AR1027-3, BOSTER) color
developing, hematoxylin staining, dehydrating and seal-
ing sheet, scanning was performed by 3D HISTECH.
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The THC results were scored by the product between
the percentage of positive cells (1, 2, 3 and 4 represent
0-25%, 26-50%, 51-75%, 76—100%, respectively) and
the intensity (1, 2 and 3 represent low, moderate, high,
respectively).

Co-immunoprecipitation assay

The cells were lysed by IP lysis buffer (P0013, Beyotime),
and the specific primary antibodies were added into the
lysates for incubation at 4 “C overnight. After that, the
proteins were precipitated by Protein A/G magnetic
beads (MCE: HY-K0202; NJ, USA) via a hopper magnet.
Then the proteins were separated with heating, and then
the samples were subjected to immunoblotting analysis.

GST pull-down assay

The purified proteins of His-SULT2B1 (HY-P74420) as
well as His-AKT-GST (HY-P76666) were purchased
from MCE (NJ, USA), and they were dissolved by water.
Whereafter, 10 ug of the purified proteins were incubated
at 4 °C for 4-6 h, and the GST magnetic agarose beads
(P2258, Beyotime), with a magnetic stand, were added to
precipitate the proteins. With a heat at 100 “C for 10 min,
the proteins were separated from the beads, and then the
samples were electrophoresed in SDS-PAGE, and sub-
jected to immunoblotting analysis.

Immunofluorescence and fluorescence microscopy

Cells were plated on cover slips, and the indicated treat-
ments were then conducted. Cells were fixed with freshly
prepared 4% paraformaldehyde at room temperature for
15 min following washed with phosphate-buffered saline
(PBS). Then cells were permeabilized with PBS containing
0.1% Triton X-100 and 0.5% BSA at room temperature for
10 min. Subsequently, cells were incubated with the indi-
cated primary antibodies at 4 °C overnight. After wash-
ing three times, cells were incubated with the secondary
antibodies for 1 h at room temperature. The nuclei were
stained by VECTASHIELD with DAPI (H1200) after
washing three times. Images were acquired by fluores-
cence microscopy (Nikon). For mCherry-GFP-LC3B
adenovirus (AD202001, Vigene Biosciences, Shandong,
China) transfection cells, cells were fixed with freshly
prepared 4% paraformaldehyde, and then washed three
times with PBS. VECTASHIELD with DAPI (H1200) was
added to the cells to visualize nuclei, and images were
acquired by fluorescence microscopy (Nikon).

Chromatin immunoprecipitation (ChIP) assays

BeyoChIP™ ChIP Assay Kit (Protein A/G Magnetic
Bead) (P2080S, Beyotime) was employed to conduct the
ChIP assay, and the experiment followed the manufac-
turer’s instructions. In brief, 4 x 10° cells were crosslinked
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with 1% formaldehyde for 10 min at 37 °C, and then the
reaction was stopped by glycine. Cells were collected, and
cell nucleuses were prepared and treated with Micrococ-
cal Nuclease (D7201S, Beyotime) to obtain 400-800 bp
DNA fragments. Whereafter, chromatin immunoprecipi-
tation was performed with the indicated primary anti-
body as well as Protein A/G Magnetic Beads, and then
the crosslinked DNA was separated at 65°C for 2 h and
purified with DNA Clean-up Kit (CW2301S, CWBIO,
China). ChIP samples were subjected to PCR and agarose
gel electrophoresis to perform quantitative analysis. The
sequences of primers for amplification were as follows:

Gene Primer Nucleotides
PKM?2 Forward (5'— 3") TGCAGGATTCCAGAC
Reverse (5'—3') CCTACT
GGCCGTTTTCCTCTT
AGGACC

Xenograft of CRC cells in nude mice models

The Ethics Committee of Lanzhou University has
approved the experiment. All the mice were purchased
from Beijing HFK Bioscience Co., LTD. (Beijing, China)
and maintained in the Jining Medicine University facility
under specific-pathogen-free (SPF) conditions. The mice
were divided into groups randomly. The indicated cells
with or without the specific agents were injected into
the abdominal subcutaneous tissues of mice with 0.1 mL
(1x 107 cells/mL) to construct xenografts of CRC cells in
nude mice.

Xenografts of CRC cells in nude mice were constructed
firstly, and then the API-2 (1 mg/kg) as well as Shikonin
(1 mg/kg) was intraperitoneally injected three times per
3 days, respectively. The tumors were gained after 20 days
of inoculation. Simultaneously, the tumor volumes as
well as weights were measured and recorded. Subse-
quently, the indicated molecules were examined by HE
and IHC staining.

Statistical analysis

The data was shown as mean+S.D. The two-sided Stu-
dent’ s t test was utilized to analyze the statistical signifi-
cance between two groups’ comparison, and the one-way
ANOVA was used among multiple groups’ comparisons.
P <0.05 was regarded as statistical significance. Most of
the data was gained from three independent experiments.

Results

SULT2B1 as a high-risk factor is highly expressed in CRC
The transcriptional levels of SULT2B1 in pan-can-
cer were analyzed by bioinformatics, which showed
SULT2B1 is highly expressed in numerous types of
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tumors, such as BLCA, BRCA, ESCA, LUAD and so on
(Figure S1A). When focused solely on CRC, likewise, the
transcriptional level of SULT2B1 was highly expressed
compared to normal tissue in both COAD and READ
datasets from the TCGA (Figure S1B and C). Moreover,
the expression levels of SULT2B1 were higher in stage IV
patients than in the other three stages (Figure S2A), and
those in CRC patients with distant metastasis (M1) were
also significantly higher compared to patients with no
distant metastasis (M0) (p=0.0068), indicating that the
expression level of SULT2B1 was related to the terminal
stages, M and N (Lymph Node) (Figure S2B and C). On
the contrary, there was no correlation between SULT2B1
expression and age, gender or T (Topography) (Figure
S2D). Additionally, the nomogram and calibration curve
showed that three factors, including SULT2B1 expres-
sion, age and stage, had statistical significance in predict-
ing the OS of CRC patients accurately (Figure S2E and F).

In a CRC tissue microarray (50 CRC specimens and
50 matched intestine specimens), the level of SULT2B1
in the cancer biopsies was significantly higher compared
with the matched normal tissues (Fig. 1A, B). We then
monitored its expression in 9 pairs of CRC and the adja-
cent normal tissues by immunoblotting assay, and the
protein expression levels of SULT2B1 were higher in 8
tumor tissues of all tested cases (Fig. 1C). The Kaplan—
Meier OS curve showed that high SULT2B1 expression
portends a poor prognosis in CRC patients in the GEPIA
database (p=0.02, HR=1.7) (Fig. 1D). Then, we detected
the expression of SULT2B1 in several CRC cell lines
and it is highly expressed in HT29, and lowly expressed
in SW480 at both transcription and translation lev-
els (Fig. 1E, F). Therefore, HT29 and SW480 cells were
selected for the subsequent research.

SULT2B1 positively modulates proliferation, migration

and invasion in CRC cells

Utilizing CRISPR-Cas9-gRNA targeted to SULT2B1 and
Flag-SULT2B1 plasmids, we generated the SULT2B1
knockout HT29 cell line and the SULT2B1 overexpressed
SW480 cell line, respectively (Fig. 2A). In MTS assay, we
observed that knockout of SULT2B1 reduced cell viabil-
ity, while its overexpression showed a promotion effect at
both 24 h and 48 h time points (Fig. 2B). Meanwhile, its
expression levels were associated with cell proliferation as
monitored by the colony growth assay (Fig. 2C). Utilizing
wound healing and trans-well assays, we found that its
knockout cells exhibited a wider unhealed area and fewer
invaded cells when compared with the KO-Ctrl group,
while OE-SULT2B1 showed the opposite phenotypes
(Fig. 2D, E). We then performed flow cytometry to detect
the cell cycle, and the results showed that the percent-
age of S phase cells in the KO-SULT2B1 group was lower
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than that in the control group, while the OE-SULT2B1
group had the opposite trend (Fig. 2F). Similarly, the
EDU staining assay displayed that the SULT2B1 level was
positively associated with the percentage of EDU-positive
cells, which replace thymine during the DNA replication
process (Fig. 2G). Furthermore, we monitored the protein
levels of several cyclin-dependent kinases and cell cycle
inhibitors by immunoblotting assay. The results showed
that KO-SULT2B1 reduced CDK2/4/6, and upregulated
p21/p27 levels, while OE-SULT2B1 exhibited the oppo-
site results (Fig. 2H, I). Moreover, we found that KO-
SULT2B1 enhanced the cytotoxicity of Cisplatin (DDP),
by monitoring the apoptotic cell death through both flow
cytometry and immunoblotting assays (Figure S3). The
abovementioned data indicated that SULT2B1 positively
modulates cell proliferation/migration, and its knockout
enhances chemo-sensitivity in CRC cells.

SULT2B1 accelerates CRC cells proliferation and migration
by modulating AKT signaling pathway

We then performed GO and KEGG analyses, and the
results showed that SULT2B1 engages in various biologi-
cal processes related to the AKT/mTOR signaling path-
way (Figure S4A-E). Furthermore, SULT2B1 possessed
a positive correlation with AKT1 as well as AKT2 (Fig-
ure S4F and G). On the contrary, a negative correlation
between SULT2B1 and AKT3 was obtained (Figure S4H).
From CPTAC samples, the CRC tissues with mTOR
signaling altered showed a significant higher SULT2B1
expressional level (Figure S41).

In the CRC and the adjacent normal tissues, the
p-mTOR, p-P70 and t-AKT levels were higher in the
majority of CRC tissues (Fig. 3A). Meanwhile, KO-
SULT2B1 reduced the protein levels of p-mTOR, p-P70
and p-AKT, while OE-SULT2B1 yielded the opposite
results (Fig. 3B). In the OE-SULT2B1 SW480 cells, we
performed the co-immunoprecipitation assay with
Flag antibody, and the results indicated that there was
an interaction between SULT2B1 and AKT (Fig. 3C).
Moreover, SULT2B1 and AKT showed co-localization
in the immunofluorescence assay, as observing the coex-
istence of red and green dots merging into yellow dots
(Fig. 3D). Utilizing the GST pull-down assay, we fur-
ther verified that these two proteins could interact with
each other directly (Fig. 3E, F). Then we monitored
whether AKT was involved in the cell fate determined
by SULT2B1. SC79 [23], a specific agonist of AKT, was
found to increase the levels of p-mTOR, p-p70 as well as
p-AKT in both KO-Ctrl and KO-SULT2B1 cells (Fig. 3G).
Moreover, SC79 partly rescued the cell viability loss and
cell proliferation blockage aroused by SULT2B1 knock-
out (Fig. 3H, I). In the wound healing assay, SC79 treat-
ment also decreased the wound area when compared
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Fig. 2 SULT2B1 promotes cell proliferation and migration in CRC cells. A KO-SULT2B1 HT29 cells and OE-SULT2B1 SW480 cells were constructed
as described in methods, and efficacies were confirmed by immunoblotting. B Cell viability was detected by MTS assay. C Colony growth assay
was conducted to monitor cell proliferation ability (scale bars=1 cm). D Wound healing test was performed in the indicated cells, and pictures
were taken at 0 h as well as 24 h time points (scale bars=0.5 mm). E Transwell assay was carried out to monitor cell invasion (scale bars=0.5 mm).
F Indicated cells were collected and stained, and then flow cytometry was performed to analyze cell cycle. G EDU staining assay was conducted
to detect cell proliferation (scale bars=0.5 mm). H and | The lysates were prepared from indicated cells, and analyzed by immunoblotting

with indicated antibodies. *P < 0.05 versus control; **P <0.01 versus control
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to the control group, especially in the KO-SULT2B1
cells (Fig. 3]). In addition, the p21 and p27 protein lev-
els decreased upon SC79 treatment (Fig. 3K). These
results indicated that SULT2B1 could interact with and
activate AKT, and its activation partly rescued cell pro-
liferation/migration inhibited by SULT2B1 knockout.
In the rescue experiment, transfection of Flag-SULT2B1
into KO-SULT2B1 cells obviously rescued the cell via-
bility, cell proliferation and migration attenuated by
SULT2B1 knockout (Figure S5A-D). Re-expression of
SULT2BI1 in the KO cells reduced the protein levels of
both p21 and p27 (Figure S5E). Furthermore, overexpres-
sion of SULT2B1 in KO-SULT2B1 cells could reverse the
decrease of p-mTOR, p-P70, as well as p-AKT (Figure
S5F).

SULT2B1 promotes cell proliferation in vivo

To elucidate whether SULT2B1 can promote CRC cell
proliferation in vivo, xenografts of CRC cells were con-
structed in nude mouse models. Knockout of SULT2B1
reduced the tumor volumes and weights, while OE-
SULT2B1 increased tumor growth (Fig. 4A—D). Then the
mice were euthanized, and the whole tumors were sepa-
rated and pictured as shown in Fig. 4E, F. Furthermore,
the HE and IHC staining also showed that knockout
of SULT2B1 reduced the expression of ki-67 and p-/t-
AKT, while its overexpression enhanced the ki-67 and
p-/t-AKT levels (Fig. 4G-K). Then the whole proteins
were extracted from the tumor tissues, and p21 as well
as p27 were determined by immunoblotting. The results
manifested that p21 and p27 were both higher in KO-
SULT2B1 mouse tissues, while lower in OE-SULT2B1
mouse tissues (Fig. 4L).

Deprivation of AKT blunts the role of SULT2B1

in regulating cell proliferation

As a widely used inhibitor of AKT [24], API-2 obvi-
ously reduced the protein levels of p-mTOR, p-P70, and
p-AKT in both OE-Ctrl and OE-SULT2B1 cells (Fig-
ure S6A). Meanwhile, API-2 remarkably attenuated the
cell viability, proliferation and migration promoted by

(See figure on next page.)
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SULT2B1 overexpression (Figure S6B—D). Besides, API-2
increased the expression of P27 and P21 in both OE-Ctrl
and OE-SULT2BL1 cells (Figure S6E). To avoid the off-
target effect of the antagonist, targeted siRNA was trans-
fected into SW480 cells to decrease the expression of
AKT1/2. Knockdown of AKT1/2 effectively blunted the
protein levels of p-mTOR, p-P70 and p-AKT upregulated
by SULT2B1 overexpression (Figure S6F). As expected,
silencing of AKT1/2 attenuated cell viability and prolif-
eration in both OE-Ctrl and OE-SULT2B1 cells (Figure
S6G and H). Meanwhile, the levels of p21 and p27 were
higher in the siAKT1/2 group than in the Mock control
group (Figure S6I).

PKM2 combining with SULT2B1 contributes to cell
proliferation and migration regulated by SULT2B1
The AKT signaling network affects multiple metabolic
pathways, we then explored whether any other mol-
ecules functioned downstream of SULT2BI1. Therefore,
we performed immunoprecipitation with both Flag and
SULT2B1 targeted antibodies in OE-SULT2B1 and OE-
Ctrl cells, and subjected them to proteomic identifica-
tion, respectively (Fig. 5A). Several shared proteins were
identified, and we then focused on the glycolytic enzyme
PKM2, and its interaction with SULT2B1 was verified by
immunoprecipitation and immunofluorescence (Fig. 5B,
C). By means of immunoblotting analysis, PKM2 was
found to be lower in KO-SULT2BI1 cells, while higher in
OE-SULT2B1 cells when compared with control cells,
respectively (Fig. 5D). Additionally, PKM2 was highly
expressed in tumor tissue in the surgical specimens of
CRC patients (Figure S7A). Then PKM2 overexpression
cell lines were constructed, and the efficacy was con-
firmed (Figure S7B and C). Overexpression of PKM2
promoted cell proliferation and migration, and knockout
of SULT2BI1 failed to obviously reverse these processes
(Fig. 5E-]). Consistently, knockout of SULT2B1 only
enhanced the protein levels of p21 and p27 in OE-Ctrl
cells, but not OE-PKM2 cells (Fig. 5K).

We also investigated the relationship between
SULT2B1 and PKM2 with the help of Shikonin and

Fig. 3 SULT2B1 accelerates CRC cell proliferation and migration by modulating the AKT signaling pathway. A The whole proteins were extracted
from pairwise CRC and adjacent tissues, and then immunoblotting was conducted with the indicated antibodies. B Immunoblotting was used

to monitor specific molecule expressions in KO-SULT2B1 HT29 and OE-SULT2B1 SW480 cell lines. C Co-immunoprecipitation was performed

with Flag primary antibody in OE-SULT2B1 lysates. D Immunofluorescence co-localization was conducted with SULT2B1 and AKT primary antibody
(Green dots: SULT2B1; Red dots: t-AKT; Arrow: Yellow dot represent co-localization). E and F GST pull-down assay was carried out, and the interaction
between SULT2B1 and AKT was then monitored by gel stain and immunoblotting. G After treatment with SC79 (10 uM hereafter unless otherwise
indicated) for 8 h, the lysates were prepared and subjected to immunoblotting with indicated antibodies. H-J MTS assay, colony growth assay

(H: 1 uM) and wound healing assay were performed to detect the cell proliferation and migration abilities in cells with SC79 treatments (scale
bars=1cmand 0.5 mm). KThe P21 and P27 expressions were detected by immunoblotting in HT29 cells with the indicated treatments. *P < 0.05

versus control; **P <0.01 versus control
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Tepp46, which are considered as the small-molecule
antagonist and agonist of PKM2, respectively [25, 26].
Inhibition of PKM2 by Shikonin obviously reduced cell
proliferation and migration, and OE-SULT2B1 failed to
play promoting roles upon Shikonin treatment in SW480
cells (Figure S7D-F). Knockout of SULT2B1 attenuated
cell proliferation and migration in control cells, but not in
the Tepp46-treated HT29 cells (Figure S7G and H). Fur-
thermore, Shikonin increased, while Tepp46 decreased
the levels of p21 and p27, respectively (Figure S7I and
J). At the same time, modification of the expression of
SULT2B1 failed to obviously alter the p21 and p27 lev-
els upon both shikonin and Tepp46 treatment (Figure S71
and J). The abovementioned results implied that PKM2
functioned downstream of SULT2B1.

SULT2B1 positively modulates the transcription of PKM2

by c-MYC and reduces the degradation of PKM2

by autophagy

It is known to all that c-MYC, a downstream transcrip-
tion factor of the AKT/mTOR pathway, plays an indis-
pensable and vital role in the transcription progression of
cells [27]. Given this, immunoblotting was used to iden-
tify ¢-MYC expression in both Ctrl and KO-SULT2B1
HT29 cells. The findings demonstrated that c-MYC
expression was reduced by SULT2B1 knockout, while
SULT2B1 overexpression exhibited an opposite tendency
(Fig. 6A). Furthermore, c-MYC was predicted as one of
transcription factors that promoted the transcription of
PKM2 by means of the JASPAR public database (Fig. 6B).
Subsequently, a ChIP test using the c-MYC primary anti-
body was used to confirm that c-MYC bound to the par-
ticular promotor region of PKM2. The results showed
that KO-SULT2B1 cells had less ¢c-MYC associated to
that area of PKM2 than KO-Ctrl cells did (Fig. 6C). The
aforementioned information uncovered that SULT2B1
positively modulated the transcription of PKM2 through
c-MYC.

Generally, proteins in eukaryotic cells were degraded
by two main ways (the ubiquitin—proteasome pathway
and the autophagy pathway) [28]. We found that the total
ubiquitin increased after SULT2B1 knockout (Fig. 6D).
However, not enough ubiquitin bonded to PKM2 was

(See figure on next page.)
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verified by immunoprecipitation analysis (Fig. 6E).
Furthermore, the content of P62 as the substrate of
autophagy decreased, whereas p-ULK, Becklin-1 and LC3
contents increased after SULT2B1 knockout (Fig. 6F). On
the contrary, the transcription of P62 increased while
that of LC3 decreased in RT-PCR analysis, which indi-
cated that the protein content changes were not due to
the transcription level (Fig. 6G). Furthermore, chloro-
quine (CQ) as a retardant of autophagy [29], reversed the
decrease of P62 by SULT2B1 knockout, while boosted the
LC3 content (Fig. 6H). Besides, the mCherry-GFP-LC3B
assay was also performed to monitor autophagic flux,
which was based on the different stability of mCherry
and GFP fluorescent proteins upon pH alteration. Com-
pared with KO-Ctrl cells, KO-SULT2B1 cells showed
showed more autophagosome punctate (yellow) as well
as autolysosome punctate (sole red) (Fig. 61, J). The addi-
tion of CQ blunted, while whereas serum glucose free
(SGE, a widely used autophagy inducer) enhanced the
differences between KO-Ctrl and KO-SULT2B1 cells
(Fig. 61, J). Utilizing immunofluorescence, we observed
that PKM2 could co-localize with p62 and LC3 (Fig. 6K).
In addition, inhibition of autophagy by CQ increased
the protein level of PKM2 in both KO-Ctrl and KO-
SULT2BI1 cells (Fig. 6L). Thus, PKM2 degradation did not
depend on the ubiquitin—proteasome pathway but on the
autophagy pathway.

Both AKT and PKM2 inhibitors repress the role of SULT2B1
in regulating cell proliferation in vitro and in vivo

As SULT2B1 regulated cell fate by modulating AKT and
PKM2, we then explored the relationship between AKT
and PKM2. In both KO-Ctrl and KO-SULT2B1 cells,
the AKT agonist SC79 was found to increase the pro-
tein level of PKM2 (Figure S8A). On the contrary, inhi-
bition of AKT by API-2 reduced PKM2 expression in
both OE-Ctrl and OE-SULT2B1 cells (Figure S8A). In
the API-2-treated cells, overexpression of PKM2 remark-
ably promoted cell proliferation and migration (Figure
S8B-E). However, API-2 still inhibited the cell activ-
ity in OE-PKM2 cells, which may be due to the fact that
AKT functions through other effector molecules bypass
PKM2 (Figure S8B-E). Moreover, Shikonin reduced

Fig. 4 SULT2B1 positively promotes cell proliferation in vivo. A and C Xenografts of CRC cells in nude mice were constructed, and the tumor
volumes were calculated and recorded at the indicated time points (The time of tumor excision from euthanized mice, A: 25 day; C: 20 day).
The data were analyzed and visualized by the Prism GraphPad software. B and D Tumor weights were recorded and shown. E and F The tumors
were photographed and shown. G HE staining was performed to analyze cell proliferation in specific tumor tissues (scale bars= 150 pm). H-K
IHC staining was conducted in indicated tumor tissues with SULT2B1, p-AKT, t-AKT and Ki67 primary antibodies and quantification analysis

was performed (scale bars=50 um and 6 um). L Immunoblotting was carried out to detect the expressions of indicated molecules in xenografts

tumors. *P <0.05 versus control; **P <0.01 versus control
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the cell activity with or without SC79 treatment (Figure
S8F-I). Distinct from API-2, the inexplicable results were
that the addition of SC79 failed to rescue the cell activity
upon Shikonin treatment (Figure S8F-I), which probably
resulted from the SULT2B1 knockout, but we cannot be
certain yet. Nevertheless, it was convinced to conclude
that SULT2B1 modulate PKM2 by affecting the AKT
signaling.

To verify the results of in vitro experiments, the
xenograft models in nude mice with OE-Ctrl and OE-
SULT2BI1 cells were constructed, and then treated with
API-2 and Shikonin, respectively. Both API-2 and Shi-
konin diminished tumor volumes and weights (Fig. 7A—
C). Then the mice were euthanized, and the whole
tumors were separated and pictured as shown in Fig. 7D.
Furthermore, both API-2 and Shikonin reduced the
score of ki-67 in both OE-Ctrl and OE-SULT2B1 groups
(Fig. 7E-G). In addition, we observed that both API-2
and Shikonin reversed the reduction of p21 and p27 by
SULT2B1 overexpression (Fig. 7H). These abovemen-
tioned data demonstrated that SULT2B1 regulated cell
proliferation by AKT and PKM2 signals in vivo.

SULT2B1 positively regulates glycolysis via the AKT/PKM2
axis in CRC cells

As PKM2 was a rate-limiting enzyme in the glycolytic
pathway, we then verified whether glycolysis was involved
in SULT2B1-regulated cell proliferation and migration
[30]. Lactic acid is the product of glycolysis, and can be
used to reflect the level of glycolysis [31]. Overexpression
of SULT2BI1 increased the lactate content, while both
API-2 and Shikonin obviously blunted its promotion
effect (Fig. 8A, B). On the contrary, SC79 or OE-PKM2
reversed the reduction of lactate aroused by SULT2B1
knockout (Fig. 8C, D). In order to block the glycolysis

(See figure on next page.)
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process, we treated the cells with both glucose-free (GF)
medium and 2DG, which is an analogue of glucose with-
out the ability to participate in the subsequent glyco-
lytic pathway [32]. 2DG and GF treatment could reduce
cell proliferation and migration, and overexpression of
SULT2BI1 failed to significantly reverse these processes
(Fig. 8E—H). Meanwhile, both 2DG and GF increased the
level of P21 and P27 in both OE-Ctrl and OE-SULT2B1
cells (Fig. 8I). Therefore, SULT2B1 regulated glycolysis
to promote cell proliferation and migration via the AKT/
PKM2 axis.

Discussion

Generally, SULT2B1 functions as an oncogene, which is
highly expressed in cancer cells and promotes carcino-
genesis in several kinds of cancers, including endome-
trial cancer, breast cancer, liver cancer and CRC [33].
However, Hong et al. implied that SULT2B1 knockout
increased gastric tumor incidence by suppressing PI3K/
AKT signaling and epithelial cell epithelization in mice
[34]. Meanwhile, it has also been reported to rarely
express in esophageal squamous cell carcinoma as well
as prostate cancer, and its overexpression reduces cell
proliferation in vitro and in vivo [35]. Therefore, the cor-
relation between SULT2B1 expression and carcinogen-
esis is not completely consistent across different types
of cancers. Here, we verified that SULT2B1 was highly
expressed in the cancer biopsies of CRC, by means of
bioinformatics analysis from the TCGA database, IHC
staining of a CRC tissue microarray, as well as immuno-
blotting assay with 9 pairs of clinical samples (CRC and
the adjacent normal tissues). Moreover, overexpression of
SULT2B1 increased both cell proliferation and migration
in vitro, and promoted tumor growth in the nude mice
xenograft model. On the contrary, its knockout presented
the opposite phenotypes. CDK2/4/6 are important

Fig. 6 SULT2B1 regulates the transcription of PKM2 by c-MYC and promotes the degradation of PKM2 by autophagy. A The expression

of c-MYC was monitored in the indicated cells by immunoblotting. B The JASPAR database was used to predict the binding sequences of c-MYC

in the promoter of PKM2. C The ChIP assay was performed, and the DNA bound to c-MYC was subjected to PCR using the specific primer,

followed by agarose gel electrophoresis analysis. D Total ubiquitin was detected in both KO-Ctrl and KO-SULT2B1 HT29 cells by immunoblotting.

E The co-immunoprecipitation was conducted with the primary antibody of PKM2, and the immunoprecipitate was subjected to SDS-PAGE
electrophoresis analysis. F and G Immunoblotting and RT-PCR were used to identify the particular molecules involved in autophagy. H Using
immunoblotting, the P62 and LC3 contents in KO-Ctrl and KO-SULT2B1 cells treated with or without chloroquine (CQ) were examined. I and J
Indicated cells were transfected with the mCherry-GFP-LC3 adenovirus, and then exposed to indicate treatment for 2 h. The pictures were obtained
by fluorescence microscope. K Immunofluorescence was performed with indicated antibodies. (L) The content of PKM2 in the indicated cells,

either with or without CQ treatment, was determined by immunoblotting
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component of the cell cycle machinery, and regulating
cell proliferation process. Their activities were negatively
modulated by the cell cycle inhibitors P21 and P27, which
were generally considered to be the tumor suppressors
[36]. In the present study, we observed that SULT2B1
positively regulated CDK2/4/6 levels, while negatively
influencing the P21/P27 protein levels, indicating that it
positively affected the cell cycle in CRC cells.

The AKT/mTOR signaling plays critical roles in regulat-
ing diverse cellular functions including metabolism, prolif-
eration, and migration [37]. Although some reports showed
a negative association with carcinogenesis [38], the AKT/
mTOR signaling is generally dysregulated in cancer cells and
considered to be [39]. All three isoforms of AKT have been
reported to promote cell survival and proliferation in differ-
ent cancer cells [40]. However, we observed that the level of
SULT2BI1 was positively correlated with AKT1 and AKT2,
but not AKT3. Therefore, we focused on the former two
isoforms of AKT in the current study. Inhibition of AKT
by both its inhibitor and AKT1/2-targeted siRNA not only
reduced the AKT/mTOR signaling activity, but also reversed
cell proliferation/migration all of which were promoted by
SULT2B1 overexpression. On the contrary, the agonist of
AKT reversed the inhibitory effects of KO-SULT2B1 on cell
fate determination. Utilizing the GST pull-down and Co-IP
experiments, we confirmed that SULT2B1 could directly
interact with at least AKT2. These results indicated that
SULT2B1 functioned upstream of AKT/mTOR signaling
by binding to and modifying the AKT activity. Due to our
failure to distinguish between the roles of AKT1 and AKT2
here, we will investigate the functional AKT isoform and its
binding domain with SULT2B1 in future studies.

Cancer cells are prone to a high rate of aerobic glycoly-
sis even in normoxic conditions, a phenomenon known
as the Warburg effect [41]. As one of the three rate-lim-
iting enzymes in the glycolysis process, PKM2 has also
been reported to participate in regulating metabolism,
cell proliferation and carcinogenesis [20]. In the present
study, PKM2 was screened out in the mass spectrom-
etry identification of SULT2B1 immunoprecipitate, indi-
cating that there was an intrinsic correlation between
them. ChIP and mCherry-GFP-LC3 assay made clear
that SULT2B1 positively regulated the transcription
of PKM2 by ¢-MYC and attenuated the degradation of

(See figure on next page.)
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PKM2 by autophagy. Given previous reports of c-MYC
positively regulating SULT2B1 expression [14], there may
be a mutual regulation phenomenon between them that
warrants further elucidation of the specific mechanism.
Furthermore, we found a positive association between
SULT2B1 and PKM2 expression, and the modification
activity of PKM2 obviously altered the effect of SULT2B1
on cell proliferation and migration. For instance, over-
expressing PKM2 promotes/rescues cellular viability
and proliferation in KO-Ctrl/KO-SULTB21 cells, while
knocking out SULT2B1 only exerts an inhibitory effect in
OE-Ctrl cells, but not in OE-PKM2 cells. Both observa-
tions suggest that PKM2 exerts a more dominant influ-
ence than SULT2B1 on downstream effects, thereby
functioning as the primary effector. Thus, PKM2 may
function downstream of SULT2BL1 in certain conditions.
Although inconsistently reported, there are close connec-
tions between PKM2 and AKT, as PKM2 could function
upstream, downstream, or in parallel with AKT in regu-
lating different physiological and pathological processes
[21, 22, 42, 43]. This may be due to the enormous com-
plexity of signal transduction networks and the diversity
of cell states. SC79 increased, while API-2 reduced the
protein level of PKM2, and SC79 failed to rescue the cell
viability loss induced by PKM2 inhibitor in KO-SULT2B1
cells, indicating that PKM2 functioned downstream of
AKT in the cell fate regulated by SULT2B1 in CRC cells.
Although the toxicity of API-2 has decreased when com-
pared to OE-Ctrl cells, it can’t be denied that API-2 still
reduced cell viability, proliferation and migration in OE-
PKM?2 cells. This result may be due to the other signaling
regulated by AKT, which requires further investigation.
In conclusion, the presented data clearly demonstrated
that SULT2B1 promoted cell proliferation and migra-
tion in CRC cells. SULT2B1 not only influenced the pro-
tein levels of AKT and PKM2, but also interacted with
both of them. With the help of small molecular agonist/
antagonist and genetic modification, further exploration
indicated that SULT2B1 regulates cell fate in an AKT/
PKM2 axis-dependent manner. These results revealed an
intimate relationship among SULT2B1, AKT signaling
and glycolytic pathways, and provided a theoretical basis
for SULT2B1 as a potential therapeutic target for CRC

(Fig. 8]).

Fig. 8 SULT2B1 positively regulates glycolysis via the AKT/PKM2 axis in CRC cells. A-D The supernatant of specific cells with indicated treatments
for 8 h was collected, and the lactate content was monitored by the L-Lactic Acid Assay Kit. E-H EDU staining assay, colony growth assay,

and wound healing test were performed to detect cell proliferation as well as migration with 2DG (F: 1 mM; E, G: 10 mM) and GF treatments (scale
bars=0.5 mm and 1 cm). | Immunoblotting was carried out to determine the expressions of P21 and P27 after indicated treatment for 8 h.J The
schematic model of SULT2B1 modulates the CRC cell progression via the AKT/PKM2 axis. *P < 0.05 versus control; **P <0.01 versus control
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Supplementary material 1: Figure S1. The transcription level of SULT2B1

in cancer.Transcriptional levels of SULT2B1 in pan cancer were analyzed
in the TIMER database.The unpaired and pairwise differences of SULT2B1
at the transcription level in 42 normal and 491 tumor tissues in the com-
bined the TCGA-COAD and TCGA-READ datasets. * P < 0.05 versus control;
**P < 0.01 versus control. Figure S2. Analysis of clinical correlation of
SULT2B1 in combining the TCGA-COAD and TCGA-READ datasets.Analysis
of correlation between the SULT2B1 expression and clinical characteristics
in combined the TCGA-COAD and TCGA-READ datasets.Nomograph for
OS prediction and calibration curve for the judgment of accuracy. *P <
0.05 versus control; **P < 0.01 versus control. Figure S3. SULT2B1 knockout
boosts chemo-sensitivity in CRC cells. Flow cytometry and immuno-
blotting were conducted to detect the apoptotic cell death following
treatments with the 10 ug/L final concentration of cisplatinfor 24 h in
KO-Ctrl and KO-SULT2B1 HT29 cells. Figure S4. The bioinformatics analysis
shows that SULT2B1 regulates tumor progression via the AKT signaling
pathway.The TCGA-COAD and TCGA-READ data were downloaded from
the TCGA database. GO and KEGG analyses of SULT2B1 were conducted
by R 4.2.2.Analyses of the correlation between SULT2B1 expression and
AKTT1, AKT2, as well as AKT3 were performed with the data downloaded
from the TCGA database by R 4.2.2.Analysis of correlation at the expression
level between SULT2B1 expression and AKT/mTOR pathway-altered in
CPTAC samples of the UALCAN database. *P < 0.05 versus control; **P

< 0.01 versus control. Figure S5. SULT2B1 overexpression rescues the
diminishment of CRC cell proliferation and migration aroused by SULT2B1
knockout.After transfecting OE-SULT2B1 plasmids into KO-SULT2B1

HT29 cells, the efficacy was confirmed by immunoblotting. KO+OE:
Re-expression of SULT2B1 in KO-SULT2B1 HT29 cells.The cell migration
and proliferation activities were analyzed by wound healing test, MTS
assay and colony growth assay.Immunoblotting was performed with the
indicated antibodies in specific cells. *P < 0.05 versus control; **P < 0.01
versus control. Figure S6. Inhibition of AKT blunts the role of SULT2B1 in
positively regulating cell proliferation.The whole proteins were extracted
from cells with API-2 treatments for 8 h, and immunoblotting was carried
out to detect specified molecule expressions with the indicated primary
antibodies.MTS assay, colony growth assayand wound healing testwere
performed to monitor the cell proliferation and migration following the
indicated treatments.Immunoblotting was performed to determine

the expression levels of P21 and P27 After successfully interfering with
the expression of AKT 1/2, the cells were collected and lysed. Then the
lysates were subjected to immunoblotting with the indicated antibodies.
MTS assay and colony growth assay were conducted to analyze the cell
proliferation ability of the indicated cells..mmunoblotting was utilized

to determine the P21 and P27 expressions in the indicated cells. *P <
0.05 versus control; **P < 0.01 versus control. Figure S7. Both AKT and
PKM2 inhibitors suppresses the role of SULT2B1 in regulating CRC cell
proliferation in vivo.Immunoblotting analysis was utilized to detect PKM2
expression levels in normal and tumor surgical tissues of CRC patients.
The efficacies of PKM2 overexpression in SW480 and HT29 cells were veri-
fied by immunoblotting, and fluorescent pictures were taken.MTS assay,
colony growth assayand wound healing testwere performed to analyze
the indicated cell proliferation and migration with Shikonin treatments.
Cell proliferation and migration were monitored by colony growth assay
as well as wound healing testin KO-Ctrl and KO-SULT2B1 HT29 cells with
the 10 uM Tepp46.P21 and P27 were determined by immunoblotting

in the indicated cells with specific treatments for 8 h. *P < 0.05 versus
control; **P < 0.01 versus control. NS: not significant. Figure S8. AKT
functions upstream of PKM2.The PKM2 expression levels were detected
by immunoblotting in indicated cells upon SC79 or API-2treatment for 8
h.The OE-Ctrl and OE-PKM2 SW480 cells were constructed by lentivirus
infection. MTS assay, colony growth assay and wound healing test were
conducted to analyze the cell proliferation as well as migration in the
indicated cells with API-2 treatments.The P21 and P27 expressions were
monitored in the indicated cells by immunoblotting.The cell proliferation
and migration abilities were detected by MTS assay, colony growth assay
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and wound healing test in KO-Ctrl and KO-SULT2B1 HT29 cells with the
indicated treatments.Immunoblotting was carried out to determine the
P21 and P27 expressions in the indicated cells with specific treatments for
8 h.*P < 0.05 versus control; **P < 0.01 versus control.

Supplementary material 2: Table S1. The detailed information of antibod-
ies. Table S2. Patients’information. The table listed the patients'information
of the tumor samples used in the current study, who were underwent sur-
gical treatment at the Second Hospital of Lanzhou University from 2021 to
2022. It contains ID number, Sex, Age, pathology information and so on.
Table S3.The List of Protein Identified by Proteomics from Figure 5A.
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