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Purpose: The purpose of this study was to investigate the mechanism of combination of
fluorouracil (FU) and oxaliplatin (OXA) on the progression of colon cancer via miR-183-5p/
SOCS3 axis and regulating PD-L1.

Methods: HCT116 cells were treated with 4 uM OXA and 10.5 pM FU, or exogenous
regulation of the expression of miR-183-5p, SOCS3 and PD-L1 in HCT116 cells. CCK-8
assay was employed to detect cell viability of HCT116 cells. Flow cytometry was performed
to assess the apoptosis and cell cycle. The expression level of SOCS3, PD-L1, chemokines
(CCL1, CCL4 and CCL7) and immune escapes related proteins (EGFR, STARD1 and STARD3)
in HCT116 cells were assessed by Western blotting. In addition, dual-luciferase reporter gene
was carried out to verify the targeted relationship between miR-183-5p with SOCS3.

Results: Our study demonstrated that the combination of OXA and FU remarkably sup-
pressed proliferation, promoted apoptosis and arrest cells in GO/G1 phrase of HCT116 cells,
and observably downregulated the expression of PD-L1, CCL1, CCL4, CCL7, EGFR,
STARD1 and STARD3. Meanwhile, the combination of OXA and FU significantly down-
regulated miR-183-5p expression. Knockdown of miR-183-5p also repressed the prolifera-
tion, promoted apoptosis and arrest cells in GO0/Gl phrase of HCT116 cells, and
downregulated the expression of PD-L1, CCL1, CCL4, CCL7, EGFR, STARDI and
STARD3. In addition, our study proved that miR-183-5p upregulated PD-L1 by targeting
downregulated SOCS3 expression. Finally, we demonstrated that the combination therapy of
OXA and FU inhibited the proliferation, promote apoptosis and arrest cells in GO/G1 phrase
by downregulating PD-L1 via miR-183-5p/SOCS3 axis.

Conclusion: The combination therapy of OXA and FU could suppress the malignant
biological behavior, and the mechanism was realized by inhibiting PD-L1 through miR-
183-5p/SOCS3 axis.
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Introduction

Colorectal cancer (CRC) is one of the most common cancers in the digestive system
with a high incidence. Improved perioperative management and adjuvant therapy
increased survival in patients with early CRC." However, patients with advanced
CRC still have a higher risk of recurrence after surgery.” At present, with the develop-
ment of immune-oncology, it is gradually recognized that targeted PD1/PD-L1 therapy
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may be a new direction in the treatment of CRC.** We aimed
to investigate the effect of combined treatment with fluorour-
acil (FU) and oxaliplatin (OXA) on expression of PDI.

PD-L1 is encoded by the CD274 gene which is an
immune inhibitory molecule involved in immune
regulation.” PD-L1 represses the activation of CD8+
T cells in lymph nodes through binding to programmed
cell death receptor 1 (PD1).%” The mechanism of PD1/PD-
L1 maintain immune homeostasis under physiological
conditions, whereas cancer cells evade immune surveil-
lance using this mechanism. Meanwhile, Llosa et al
reported that suppression of the interaction between PD-
L1 and PDI could restore anti-tumor immunity.®* However,
the mechanism that regulates PD-L1 is still unclear.

FU and OXA are commonly used chemotherapy drugs
following surgical resection for CRC. It has been reported
that FU mainly effects on the TS and DPYD pathways.’ And
OXA causes intrastrand and interstrand DNA-platinum
adducts and then repress gene transcription by segregation
of transcription factors or bring about arrest of G2/M
stage.'” In the preliminary experiment, we screened key
proteins and miRNAs with significant effects on the PD1/
PD-L1 pathway via CHIP experiments. We found that miR-
183-5p and SOCS3 were most significant before and after
disposal of FU and OXA, and SOCS3 is a key target gene of
miR-183-5p. Many studies had confirmed that miR-183-5p
was closely related to process of CRC. For instance, the
cellular activity and invasiveness of CRC cells were reduced
by mir-183-5p knockdown.'' miR-183-5p enhances the
radio resistance of CRC via targeting ATG5.'? SOCS3
plays an anti-cancer role in breast cancer,”” lung cancer,"
CRC,'" and so on. For example, SOCS3 was downregulated
in triple-negative breast cancer, overexpression of SOCS3
result in a less aggressive oncogenic phenotype.13 Also,
Wang et al have shown that SOCS3 upregulation promoted
cell apoptosis and suppressed proliferation of pancreatic
cancer SW1990 cells.'"® In our article, our goal was to
investigate the impact of the combination of FU and OXA
on the expression of PD-L1 and malignant biological beha-
vior of CRC HCT116 cells via miR-183-5p/SOCS3 axis.

Materials and Methods

Tissue Samples

Tissue specimens were obtained from CRC patients who
were admitted to Yunnan Cancer hospital from
August 2018 to December 2019 (the distance from the
tumor margin is greater than 5 cm). A total of 40 patients

with CRC had an average age of 56.25+12.64 years. All
patients were confirmed by histopathological examination.
The patients did not receive chemotherapy or radiotherapy
before surgery, and the case data were complete. All tissue
samples were collected and temporarily stored in liquid
nitrogen, and transferred to —80°C refrigerator after 24
hours. This research is based on the Declaration of
Helsinki. This study has been approved by the ethics
committee of Yunnan Cancer hospital, and all participants

have signed the informed consent.

Cell Culture, Transfection and Treatment
HCT116 cells is maintained with DMEM medium (Gibco,
USA), which contain 10% FBS (Gibco, USA), 0.1 U/mL
penicillin and 0.1 pg/mL streptomycin, and maintained at
37°C in a 5% CO2 incubator (Thermo Fish Scientific,
USA). Cells treated with 4 pM OXA or 10.5 uM FU.
miR-183-5p mimics, inhibitors or scramble (gemma,

Shanghai, China), miR-183-5p inhibitor (gemma,
Shanghai,  China), si-SOCS3  (Promega, USA),
pcDNA3.1-SOCS3  (Promega, USA) and si-PD-LI

(Promega, USA) were transfected into HCT116 cells
according to manufacturer’s instructions.

RT-gPCR Analysis

OXA and FU treated and stably transfected cells were
collected and total RNA was leached from each group
employing Trizol reagent (Promega, USA). The TagMan
microRNA reverse transcription kit (Millipore, USA) is
used to produce cDNA. The relative expression was ana-

Z—AACt

lyzed using method by normalizing to U6

expression.

CCK-8 Assays

OXA and FU treated and stably transfected cells were
collected and digested with trypsin. 4x10° cells were
inoculated into 96-well plates (Corning, USA) and added
200 pL medium for each well. Cell proliferation activity
was measured according to the instructions of the CCK-8
kit. The absorbance was measured using the enzyme mar-
ker at 450 nm.

Flow Cytometry

Cells apoptosis and cycle were detected by flow cytometry
(Thermo Fish Scientific, USA). HCTI116 cells were
digested with trypsin and resuspended in the 1x binging
buffer. 5 pL Annexin v-fitc and PI reagents were added
with a proportion of 5/1 and placed in darkness for 20min.
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HCT116 cells were digested with trypsin and incubated
overnight with 70% ice ethanol at 4°C. The next day, PBS
containing RNA enzymes was added, and incubated at 37°
C for 30 min. After incubation with PI for 15 min in dark,
the cells were dyed at room temperature for 30 min.
Finally, the cell cycle was identified using flow cytometry.

Western Blotting Analysis

Total proteins from tissues and cells were extracted for
Western blot analysis. The total protein in each group of
tissues and cells was leached with RIPA lysate (Bio-Rad,
USA). BCA method was employed to assess the protein
concentration. SDS-PAGA was employed to separate the
protein bands, and then transferred onto PVDF membranes
(Thermo Fish Scientific, USA). The PVDF membranes
were incubated in 5% defatted milk at 37°C for 2
h. Next, the primary antibody (Abcam, UK) of the target
protein was added and incubated at 4°C overnight. PBST
was rinsed three times and HRP-labeled secondary anti-
body (Abcam, UK) was added. Subsequently, the mem-
branes were identified with the ECL plus Western blotting
detection reagents. Finally, the gel imager was used for
observation and photography, and Image J was performed
for quantitative analysis of the bands.

Immunohistochemical

After dewaxing, hydration and antigen repair, tissue
paraffin sections were soaked in 3% hydrogen peroxide
solution for 15 min and rinsed with PBS 3 times. Then
bovine serum albumin (BSA) was sealed for 15 min and
incubated overnight with the primary antibody at 4°C.

negative

weakl

CT

p ositive

AT-.--

The next day, a secondary antibody was incubated for
30 min, DAB was used for color development, and
hematoxylin was washed with tap water for 5 min
after staining, the slices were dehydrated and sealed,
observed under

and finally and photographed

a microscope.

Luciferase Assay

Starbase was used to evaluate the target sequences of mIR-
183-5p and SOCS3. SOCS3 wild sequence or mutant
sequence within miR-183-5p binding sites was insert into
pmirGLO plasmids. The HEK-293T cells of pmirGLO/
SOCS3-WT and pmirGLO/SOcs3-MUT were transfected
with miR- mimics or miR-NC, respectively. The dual-
luciferase reporter gene kit (Solarbio, Beijing, China)
was used to assess the luciferase activity.

Statistical Analysis

SPSS 22.0 is performed for statistical analysis and the
dates were shown as x+s. The LSD test was used for
comparison between the two groups. A one-way ANOVA
was used for comparison of multiple groups. P<0.05
showed a statistically significant difference.

Results
Decreased Expression of SOCS3 is
Associated with the Progression of

Colorectal Cancer
The results of immunohistochemical (IHC) staining
showed that the expression of SOCS3 was weakly positive

strongly positive

positive

Figure | Immunohistochemical was used to detect of SOCS3 expression in cancer tissues and adjacent tissues of CRC patients.
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in 24 cases (60%) and negative in only 1 case (2.5%) of
the 40 cancer tissue samples. However, only 7 (17.5%) of
the control tissue samples were weakly positive. SOCS3 is
mainly located in the cytoplasm, with occasional partial
cell membrane staining, and the positive staining is tawny
(P < 0.05, Figure 1).

According to the IHC staining result of SOSC3 in
CRC cancer tissue, 40 patients were divided into a high
group (16 cases) and a low group (24 cases). As shown
in Table 1, the expression of SOCS3 was not correlated
with age, gender, differentiation, tumor size, of patients,
and the difference was not statistically significant (P >
0.05). However, it was significantly correlated with the
TNM stage, lymph nodes and distant metastasis of
patients (P < 0.05).

Table | Correlation Between SOCS3 Expression and
Pathological Characteristics of CRC Cancer Patients
Clinicopathological | N | Expression X2 P-value
Features Level of WSB2
High Low
Level Level
(n=16) | (n=24)
Ages (years) 0.198 | 0.824
<50 19 7 12
=50 21 |9 12
Gender 0.219 | 0.805
Male 21 | 8 13
Female 19 |8 Il
Differentiation status 0.158 | 0.894
Highly or 23 | 9 14
moderately
differentiated
Poorly 1717 10
differentiated
Tumor diameter 0.692 | 0.657
23cm 19 | 8 Il
<3cm 21 | 8 13
TNM stage 4.793 | 0.039*
11l 16 | 10 6
-1v 24 | 6 17
lymph node 5.492 | 0.027*
metastasis
Yes 10 | 2 8
No 30 | 12 16

Note: *P<0.05.

The Combination of FU and OXA
Suppressed the Malignant Biological
Behavior of HCT 16 Cells

In order to verify the impact of combination therapy of FU
and OXA on the malignant biological behavior of CRC
cells, HCT116 cells were treated with 4 uM OXA or 4 uM
OXA combined with 10.5 pM FU. Cell viability of
HCTI116 cells at 24, 48, 72 and 96 h were detected by
CCK-8 assay, and cell viability of OXA group was sup-
pressed (P<0.01), while in OXA and FU combined treat-
ment group was lower (P<0.001, Figure 2A). Flow
cytometry was undertaken on cell apoptosis and cell
cycle. The remarkable rise of apoptosis of HCT116 cells
in OXA group compared to the control group (P<0.01),
while the apoptosis percentage in OXA and FU combined
treatment group significantly greater (P<0.01, Figure 2B).
Compared with the control group, OXA or OXA com-
bined with FU dramatically arrested cells in GO0/Gl
phase (all P<0.01, Figure 2C). On the other hand, we
also examined the impact of OXA and FU on the expres-
sion levels of chemokines (CCL4, CCL4 and CCL7),
immune-related proteins (EGFR, STARD1 and STARD?3)
and PD-L1 by Western blotting. As shown in Figure 2D of
OXA dramatically repressed the expression of CCL4,
CCL4, CCL7, EGFR, STARDI1, STARD3, as well as PD-
L1 (P<0.05, P<0.01 or P<0.001). At the same time, OXA
and FU combined treatment group had a more significant
effect. OXA and FU inhibited the malignant biological
behavior of HCT116 cells and the mechanism maybe
achieved by regulating PD-L1 expression.

FU Combined with OXA Significantly
Downregulated miR-183-5p in Colon

Cancer Cells

The differences expression miRNA in the negative control
group, OXA treated group, OXA and FU combined treat-
ment were screened by miRNA microarray. miRNAs who
was significantly reduced in OXA treatment group, OXA
and FU combined treatment group were selected for sub-
sequent analysis. miR-183-5p was significantly down-
regulated with single or double treatment (Figure 3A).
Next, we exposed HCT116 cells to 4 uM OXA or 4 uM
OXA combined with 10.5 uM FU for 48 h. RT-qPCR was
performed to test miR-183-5p expression. The results sug-
gested that miR-183-5p expression was notably
downregulated in the OXA group and OXA and FU
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Figure 2 The combination of FU and OXA suppressed the malignant biological behavior of HCT116 cells and the expression of PD-LI. (A) CCK-8 assay was performed to
detect the proliferation of HCT116 cells. (B and C) Flow cytometry was employed to assess the apoptosis and cell cycle of HCT1 16 cells. (D) Western blotting was carried
out to measure the expression of CCLI, CCL4, CCL7, EGFR, STARDI, STARD3 and PD-LI. *P<0.05, *P<0.01, *¥P<0.001, vs. NC group; “P<0.05, ““P<0.01, vs. OXA

treated group.

combined treatment group compared with the control
group (Figure 3B). The results of RT-qPCR were consis-
tent with chip result. However, the change degree of
relative expression level was obviously weaker than that
of chip. According to the differential expression results of
miRNA, we believe that the down-regulation of miR-183-
5p may be one of the key factors for the combined treat-
ment of OXA and FU to inhibit the malignant progression
of CRC cells. Therefore, miR-183-5p was selected for
subsequent experiments. Next, the target genes of miR-
183-5p were analyzed and the signaling pathways of the
target genes were enriched, and the results showed that the
target genes of miR-183-5p participated in and regulated
the JAK-stat pathway (Figure 3C). Therefore, SOCS3, an
inhibitor of the JAK-stat pathway, was selected as the
target gene of miR-183-5p (Figure 3D).

Silencing miR-183-5p Repressed the
Malignant Biological Behavior of HCTI 16
Cells

The transfection efficiency was shown in Figure 4A, miR-
183-5p is observably downregulated in miR-183-5p inhibitor
group (P<0.001). CCK-8 assay demonstrated that knock-
down of miR-183-5p notably suppressed cell viability of

HCT116 cells (P<0.01, Figure 4B). Flow cytometry conse-
quences indicted that the apoptosis percentage of HCT116
cells increased after treatment with miR-183-5p inhibitor
compared to the control group (P<0.01, Figure 4C). Cells
is arrested in GO/G1 phase by knockdown of miR-183-5p
(P<0.01, Figure 4D). Moreover, Western blotting conse-
quences indicated that the expression of CCL4, CCLA4,
CCL7, EGFR, STARDI, STARD3 and PD-L1 in miR-183-
5p inhibitor group were dramatically downregulated relative
to the level in the control group (Figure 4E). Thus, these data
manifested knockdown of miR-183-5p suppressed the
malignant biological behavior of HCT116 cells.

miR-183-5p Targeted Downregulates the
Expression of SOCS3

The Starbase database indicates that SOCS3 targets miR-
183-5p (Figure 5A). We discovered that co-transfection of
miR-183-5p mimics notably decreased the WT SOCS3
luciferase intensity (P<0.01), whereas the luciferase inten-
sity was not reduced when the cells were transfected with
a mutated SOCS3 reporter (Figure 5B). On the other hand,
Western blotting results indicated that the expression level
of SOCS3 was downregulated in miR-183-5p mimics
group relative to the level in the control group (P<0.01,
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Figure 5C). These consequences demonstrated that miR-
183-5p targeted the downregulated SOCS3 expression.

miR-183-5p Upregulated PD-LI
Expression by Downregulating SOCS3

To demonstrate whether the expression level of PD-L1 was
regulated by miR-183-5p/SOCS3 axis, pcDNA3.1-SOCS3

and miR-183-5p mimics were transfected into HCT116
cells. The results pointed out that overexpression of
SOCS3 observably upregulated the expression of SOCS3
(P<0.05) and reduced the expression of PD-L1 compared to
the control group (P<0.001), whereas overexpression of
miR-183-5p and SOCS3 simultaneously restored the expres-
sion SOCS3 and PD-L1 (Figure 6A and B).
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Combination Therapy of FU and OXA
Inhibited the Malignant Biological
Behavior of HCT 116 Cells by
Downregulating PD-L1 via miR-183-5p/
SOCS3 Axis

To determine the effect of combination of FU and OXA on
the malignant biological behavior of HCT116 cells by
downregulating PD-L1 via miR-183-5p/SOCS3 axis. The
cells were divided into a control group, an si-SOCS3
group, an si-SOCS3 + miR-183-5p inhibitor group, an si-
SOCS3 + si-PD-L1 group and an si-SOCS3 + FU + OXA
group. SOCS3 expression was signally downregulated in
si-SOCS3 group compared to the control group (P<0.001),
while other groups restored the expression of SOCS3

A Cc

4 5

(Figure 7A). CCK-8 assay proved that silencing SOCS3
dramatically promoted the proliferation of HCT116 cells
(P<0.01 or P<0.001 Figure 7B). Flow cytometry results
indicated that knockdown of SOCS3 significantly sup-
pressed the apoptosis of HCT116 cells (P<0.001), as well
as promoted cells in G2/M phase (P<0.01, Figure 7C and
D). Finally, we performed Western blotting for detecting
chemokines and immune
Knockdown of SOCS3 significantly upregulated the
expression of CCL4, CCL4, CCL7, EGFR, STARDI,
STARD3 and PD-L1 (P<0.01, Figure 7E). At the same
time, si-SOCS3 + miR-183-5p inhibitor, si-SOCS3 + si-
PD-L1 or si-SOCS3 + FU + OXA restored the facilitation
effect of silencing SOCS3 on the malignant biological

escape related proteins.
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Figure 7 Combination therapy of FU and OXA inhibited the malignant biological behavior of HCT 116 cells by downregulating PD-L1 via miR-183-5p/SOCS3 axis. (A and E)
Western blotting was used to detect the expression of SOCS3, CCLI, CCL4, CCL7, EGFR, STARDI, STARD3 and PD-LI. (B) CCK-8 assay was employed to measure the
proliferation of HCT1 16 cells. (C and D) Flow cytometry was performed to assess the apoptosis and cell cycle of HCT1 16 cells. **P<0.01, ***P<0.001, vs. control group;
AP<0.05, “4P<0.01, ***P<0.001, vs. si-SOCS3 group. |: control group; 2: si-SOCS3 group; 3: si-SOCS3 + miR-183-5p inhibitor group; 4: si-SOCS3 + si-PD-LI group; 5: si-

SOCS3 + FU + OXA group.
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demonstrated that combination of OXA and FU repressed
the malignant biological behavior of HCT116 cells by
downregulating PD-L1 through miR-183-5p/SOCS3 axis.

Discussion

As previously mentioned, PD-L1 was upregulated in
a variety of malignancies and mediate the immune escape
of tumor cells by inactivating T cells, which bring about
a poor clinical outcome.'” Therefore, targeted PD-LI
therapies bring hope for the
that CRC is
a combination of FU and OXA was carried out to investi-
gate the regulation mechanism of FU and OXA on PD-L1

expression, as well as on the development of CRC through

therapy of cancer.

Considering a heterogeneous tumor,

PD-L1. Our results demonstrated that the combination of
FU and OXA dramatically reduced the expression of PD-
L1. Also, the combination of FU and OXA notably inhib-
ited cell proliferation, promoted cell apoptosis and arrest
cells in GO/G1 phrase of HCT116 cells, as well as down-
regulated the expression of chemokines (CCL1, CCL4 and
CCL7) and immune escape related proteins (EGFR,
STARDI1 and STARD3). These data illustrated that FU
and OXA inhibited the malignant biological behavior of
HCT116 cells via downregulating PD-L1.

MicroRNAs (miRNAs) are non-coding RNAs, highly
conserved, and 18~25 nt, participated in the regulation of
cell growth, apoptosis and angiogenesis, and so on.'®2°
Abnormal expression of miRNAs is taking part in various
malignant biological behaviors of tumors. In addition, it
had been reported that chemotherapeutic drugs can influ-
ence tumor progression through regulating miRNAs.'%?!
Such as, Yang et al expounded that miR-214 was
decreased in 5-FU-resistant CRC cells and overexpression
of miR-214 increased the sensitivity of CRC cells to
5-FU.** OXA induced downregulation of miR-34a in
CRC cells and overexpression of miR-34a weakened
OXA resistance of CRC cells through TGF-f/Smad4 sig-
naling pathway.*® In our article, we expounded that miR-
183-5p was upregulated in HCT116 cells and decreased
after treated with FU and OXA. Functional experimental
confirmation that silencing miR-183-5p also repressed cell
viability and expression of chemokines, immune escape
related proteins, as well as PD-L1, facilitated cell apopto-
sis and arrest cells in GO/G1 phrase.

SOCS3 is a member of the SOCS family which parti-
cipates in the process of cell biology through a negative
feedback loop.>* Studies have confirmed that SOCS3, as
a signal suppressor, inhibits tumor cells proliferation,

causes G1 arrest by suppressing JAK2/STAT3 signaling
pathway.”> In CRC tissues, SOCS3 expression was
decreased, and SOCS3 overexpression repressed biologi-
cal behavior of CRC cells by negative regulating 1L6/
STAT3 signaling pathway.?® Furthermore, Hirahara et al
demonstrated that silencing SOCS3 could result in
increase of PD-L1 expression in a STATI1-dependent
manner.”’ Zhang et al described that overexpression of
SOCS3 could facilitate Th17 differentiation via suppres-
sing PD-L1 upregulation.”® In this research, we found that
SOCS3 overexpression suppressed the expression of PD-
L1, whereas knockdown of SOCS3 had opposite result. At
the same time, miR-183-5p overexpression remitted PD-
L1 downregulation induced by SOCS3 overexpression via
targeting downregulated SOCS3. Further experiments
found that silencing SOCS3 promoted cell proliferation
and the expression of chemokines and immune escape
related proteins, inhibited cell apoptosis and facilitated
cells in G2/M phrase. Treating HCT116 cells which silen-
cing SOCS3 with FU and OXA could restore the promo-
tion effect of knockdown of SOCS3 on the malignant
biological behavior of HCT116 cells. Knockdown of
SOCS3 and miR-183-5p or PD-L1 simultaneously showed
the same results. All these results confirmed that the com-
bination of FU and OXA suppressed the progression of
CRC by inhibiting PD-L1 expression through miR-183-5p/
SOCS3 axis.

Conclusion

The combination therapy of OXA and FU could suppress
the malignant biological behavior, and the mechanism was
realized by inhibiting PD-L1 through miR-183-5p/SOCS3

axis.
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