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Purpose

5-Fluorouracil (5-Fu) is used as a conventional chemotherapy drug in chemotherapy for
patients with advanced colorectal cancer, but many patients still suffer from treatment fail-
ure due to 5-Fu resistance. Emerging observations revealed the important role of chemokine
(C-X-C motif) ligand 13 (CXCL-13) in tumor microenvironment and its relationship with prog-
nosis in patients with colorectal cancer. This study is designed to reveal the important role
of CXCL-13 in causing colorectal cancer resistance to 5-Fu.

Materials and Methods

CXCL-13 levels of patient's serum or cell culture supernatants were measured separately
by enzyme-linked immunosorbent assay. In cell assays, cell viability is detected by Cell Count-
ing Kit-8. Therefore, the recombinant human CXCL-13 was used to simulate its high expres-
sion in cells while its antibody and siRNA were used to reduce CXCL-13 expression in cells.

Results

In this study, we demonstrated that CXCL-13 is associated with 5-Fu resistance by culture
medium exchange experiments and cytokine arrays of colorectal cancer resistant and non-
resistant cells. Clinical studies showed that CXCL-13 is highly expressed in the serum of
5-Fu-resistant patients. High levels of serum CXCL-13 also predict a worse clinical outcome.
The addition of recombinant CXCL-13 cytokine resulted in 5-Fu resistance, while its antibody
overcame 5-Fu resistance, and knockdown of CXCL-13 expression by siRNA also reduced
5-Fu resistance, which can be saved by added recombination CXCL-13.

Conclusion

These results not only identify a CXCL-13 mediated 5-Fu resistance mechanism but also
provide a novel target for 5-Fu-resistant colorectal cancer in prevention and treatment
strategies.

Key words
CXCL13, 5-Fluorouracil, Colorectal neoplasms, Drug resistance,
Chemokines

622 Copyright © 2020 by the Korean Cancer Association

| https://www.e-crtorg |

€3 This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://crossmark.crossref.org/dialog/?doi=10.4143/crt.2019.593&domain=pdf&date_stamp=2020-04-15

Guolin Zhang, CXCL-13 Regulates Resistance to 5-Fu

Introduction

According to 2018 global cancer data statistics, colorectal
cancer (CRC) is the first cause of cancer-related death, rank-
ing third in terms of incidence [1]. Despite the tremendous
progress and numerous efforts in multidisciplinary therapy,
survival and quality of life in patients with severe CRC are
not optimistic [2]. The currently accepted treatment for CRC
is FOLFOX or FOLFIRI treatment regimen consists of 5-flu-
orouracil (5-Fu)/leucovorin plus oxaliplatin or irinotecan
with or without operative treatment [3]. As the basement of
CRC chemotherapy, 5-Fu works by preventing DNA synthe-
sis of CRC cells and inhibiting enzyme activity of thymidy-
late synthase. However, prolonged use of 5-Fu will cause
tumors to be insensitive to drugs, and the patients with
recurrent CRC are more likely to develop resistance to the
original drug [4-6]. Therefore, it is urgent to reveal the mole-
cular mechanism leading to drug resistance, which helps to
find new prognostic biomarkers and overcome the drug
resistance of tumors.

Some scientists have put forward hypothesis about 5-Fu
resistance through research, including the abnormal activa-
tion of the phosphoinositide 3-kinase (PI3K)-Akt signaling
pathway and differential expression of certain cell cycle-
associated proteins, miRNAs dysregulated [7], genes with
promoter hypermethylation and concordant expression
silencing [8] and so on. At the same time, more and more
views support the crucial aspect of cytokines in the process
of tumor cell resistance [9]. The strong regulation of cyto-
kines in normal physiological processes and abnormal patho-
logical processes, which more specifically including drug
targeting, transport, and metabolic changes, is becoming
more and more familiar to us [10,11]. So, it is difficult for sci-
entists to believe that there is no close relationship between
cytokines and tumor resistance.

Chemokine (C-X-C motif) ligand 13 (CXCL-13) is a mem-
ber of small chemokines (8-10 kDa) [12], and it is a chemo-
tactic protein targeting B lymphocytes, while its receptor,
CXCRS, is expressed in specific T lymphocyte subsets [11].
In addition to the previous discovery that CXCL-13 is usually
expressed by lymphoid organs, stromal cells and follicle den-
dritic cell, it also is secreted by some types of tumor cells,
bone marrow endothelial cells, osteoblasts, myofibroblasts
and CXCL-13-producing CD4" follicular helper T cells [13-
15]. So far, anecdotal evidence suggests that CXCL-13 toge-
ther with CXCR5 might play increasingly vital roles in regu-
lating tumor occurrence, progression, metastasis and prog-
nosis in the microenvironment where the tumor is located
[16-19]. Some recent studies have found that CXCL-13 has a
predictive value for the prognosis of patients with CRC
[20,21]. Besides those previous researches, the function of

CXCL-13 in the response to CRC to 5-Fu-based chemother-
apy and drug resistance remains a big mystery.

In this study, we used a cytokine array to detect cytokines
in the conditioned medium (CM) of drug-resistant and non-
resistant CRC cells respectively, and we were surprised to
find some changes in cytokines. Our results suggest that
CXCL-13 contributes to the CRC cells resistant to 5-Fu drugs
in vitro. More importantly, this newly found mechanism is
confirmed by our clinic evidence: 5-Fu drug—resistant patient
was detected with higher level of CXCL-13 and there is a cor-
relation between the higher level of CXCL-13 in the patient's
serum and low overall survival (OS) rate or disease-free sur-
vival (DFS) rate of CRC patients receiving 5-Fu-based
chemotherapy. Furthermore, we verified that the increased
expression of CXCL-13 is closely related to the stimulation
of 5-Fu by patient-derived xenografts (PDX) model. These
findings indicate that CXCL-13 plays an important new role
in the progression and chemosensitivity of CRC.

Materials and Methods

1. Antibodies and reagents

The recombinant human CXCL-13 was purchased from
PeproTech (Rocky Hill, NJ). The antibody for CXCL-13 neu-
tralization was from R&D Systems (Minneapolis, MN). 5-Fu
was purchased from Sigma-Aldrich (St. Louis, MO).

2. Cell culture and chemicals

The CRC cell line DLD-1 and HCT116 were bought from
the American Type Culture Collection (Manassas, VA) and
cultured respectively in medium of RPMI-1640 (Gibco, Invit-
rogen, Carlsbad, CA) and Dulbecco's modified Eagle medium
with higher glucose levels (Gibco, Invitrogen), containing
10% fetal bovine serum (Gibco, Invitrogen). All cells were
cultured in a cell incubator at 37°C and 5% CO» according to
previous experiments. 5-Fu is diluted to a specific concentra-
tion by 10% dimethyl sulfoxide (Sigma-Aldrich).

3. Cell viability assay

After 3 days of different concentrations of 5-Fu treatment,
cell viability of DLD-1, DLD-1 5-FuR cells, and HCT116,
HCT116 5-FuR cells was quantified by the Cell Counting Kit-
8 assay (Dojindo Molecular Technologies, Kyushu Island,
Japan), as described manufacturers’” instructions. We used
the 450 nm wavelength on the microplate reader to measure
the absorbance. Three independent experiments in triplicate
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Fig. 1. Chemokine (C-X-C motif) ligand 13 (CXCL-13) is elevated in 5-fluorouracil (5-Fu) resistant (5-FuR) colorectal cancer
cells. (A, B) Viability of DLD-1 and DLD-1 5-FuR cells, HCT116, and HCT116 5-FuR cells treated with different concentrations
of 5-Fu for 3 days. (C, D) Viability of DLD-1 cells or HCT116 cells treated with different concentrations of 5-Fu for 3 days
after pretreatment with DLD-1 5-FuR or HCT116 5-FuR cells conditioned medium (CM) for 2 days. (E) Semi-quantitative of
cytokine arrays analysis of expression levels of different cytokines measured in the CM of paired DLD-1 and DLD-1 5-FuR
cells. (Continued to the next page)

&@

ensured repeatability of results. 4. Enzyme-linked immunosorbent assay

Cytokine analysis was performed on specific patient's
serum or cell culture supernatants using human CXCL-13
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Fig. 1. (Continued from the previous page) (F, G) Box-plot showing the CXCL-13 expression level in colorectal cancer parental
cells (DLD-1, HCT116) and 5-FuR cells (DLD-1 5-FuR, HCT116 5-FuR). Data from three independent experiments were tested

in triplicate. *p < 0.05, **p < 0.01, ***p < 0.001 by Student’s t test.

enzyme-linked immunosorbent assay (ELISA) kits (Elab-
science, Wuhan, China) according to the manufacturers’
instructions. Each sample was duplicated.

5. siRNA interference

CXCL-13 siRNA and siRNA as control were purchased
from Thermo Fisher Scientific (Carlsbad, CA). siRNA trans-
fected cells by Lipofectamine 2000 Transfection Reagent
(Thermo Fisher Scientific) as described manufacturers’
instructions. Cells were treated with the indicated agents for
analyses 24 or 48 hours after siRNA transfection.

6. Inmunohistochemistry

For paraffin tissue sections, after deparaffinized in xylene
and hydrated with ethanol solutions, epitope retrieval was
performed by boiling the de-paraffinized sections at 95-
100°C for 20 minutes in Tris-EDTA buffer (pH 9.0). In order
to quench endogenous peroxidase activity, slides were incu-
bated with 3% hydrogen peroxide in methanol solution for
10 minutes. Nonspecific bindings were blocked by treating
slides with blocking buffers which include some percentage
of normal serum, non-fat dry milk, bovine serum albumin
for 20 minutes. CXCL-13 1:20 antibody was co-incubated at
4°C for 1 hour and the second antibody was co-incubation at
room temperature for 30 minutes. DAB staining was using
DAB Kit (Shanghai Gene, Shanghai, China) according to the
manufacturer’s instructions. Hematoxylin was used to coun-
terstain the slides.

7. Patients

Serum samples were obtained from CRC patients from
2008 to 2018 and stored at the Key Laboratory of Biotherapy
of Zhejiang province, Sir Run Run Shaw Hospital, School of
Medicine, Zhejiang University. The histological types, dis-
ease stages, and cancer cell contents in each case were exam-
ined by experienced pathologists. The treatment experienced
by the patients included laparoscopic anterior resection,
abdominoperineal resection and resection of the left or right
colon followed by 5-Fu-based chemotherapy. The OS and
the DFS were calculated strictly in accordance with the defi-
nition of World Health Organization. According to our def-
inition of 5-Fu responses, 5-Fu-sensitive was described as
patients who have a total response to 5-Fu-based therapy
and no recurrence in 6 months, whereas 5-Fu-resistance
means patients who had the recurrence occur in 6 months of
completing 5-Fu-based therapy.

8. Animal experiments

Four weeks old female BALB-c-nu nude mice were pur-
chased from SiBeiFu Biotechnology Co. Ltd. (Beijing, China).
Patient-derived tumor xenograft tumors were implanted
subcutaneously in the groin on both sides of the nude mice.
When the average tumor diameter reached 10 mm (about 2
weeks), the mice were randomized into subsequent experi-
ment groups. Vehicle or 5-Fu (30 mg/kg) was given intra-
peritoneally weekly for 4 weeks. From the beginning of the
medication, we take blood from the eyelids of nude mice
every week to obtain serum. Tumor samples were obtained
from the nude mice 3 days after the final medication time.
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Table 1. Patient characteristics of 5-Fu—sensitive or —resistant set

Patient  Age (yr) Sex Stage Histology Chemotherapy

P1893 55 M [IIA Adenocarcinoma 5-Fu-+oxaliplatin

P2338 66 M [111B Adenocarcinoma 5-Fu+irinotecan+oxaliplatin+cetuximab
P2653 65 M mIc Adenocarcinoma 5-Fu+irinotecan+oxaliplatin+cetuximab
P1699 78 F IIIA Mucus adenocarcinoma 5-Fu+oxaliplatin+bevacizumab

P1822 76 M II1IB Adenocarcinoma 5-Fu+irinotecan+oxaliplatin+bevacizumab
P2167 66 M IIITA Adenocarcinoma 5-Fu+irinotecan+oxaliplatin+bevacizumab
P2357 70 M 1B Adenocarcinoma 5-Fu+irinotecan+bevacizumab

P1692 61 F IIITA Adenocarcinoma 5-Fu+irinotecan+oxaliplatin+bevacizumab
P1804 21 F Ic Mucus adenocarcinoma 5-Fu+irinotecan-+oxaliplatin

P1631 66 M IIITA Adenocarcinoma 5-Fu+irinotecan+oxaliplatin+bevacizumab
P2132 55 M 1I1IB Adenocarcinoma 5-Fu+irinotecan+oxaliplatin+bevacizumab
P2286 59 M IIA Adenocarcinoma 5-Fu+irinotecan-+oxaliplatin+cetuximab+bevacizumab
P1957 55 M II1IB Adenocarcinoma 5-Fu+irinotecan+oxaliplatin+cetuximab
P2186 65 M Ic Adenocarcinoma 5-Fu+irinotecan+oxaliplatin

P2295 48 M Ic Adenocarcinoma 5-Fu+irinotecan+oxaliplatin+bevacizumab
P1863 47 F [I1IB Mucus adenocarcinoma 5-Fu+irinotecan+oxaliplatin+bevacizumab
P1977 51 F II1IB Adenocarcinoma 5-Fu+irinotecan+oxaliplatin+bevacizumab
P2180 53 F II1IB Adenocarcinoma 5-Fu+oxaliplatin

5-Fu, 5-fluorouracil.

9. Statistical analysis

Graph Pad Prism ver. 7.0 (Graph Pad, Inc., La Jolla, CA),
SPSS ver. 22.0 (IBM Corp., Armonk, NY) and Image J 2.0
(National Institutes of Health, Bethesda, MD) were used to
process and display data. Meantstandard deviation is the
way we used to present data from three independent exper-
iments tested in triplicates. The one-sample Kolmogorov-
Smirnov test was used to test whether the experimental data
were consistent with the normal distribution. If it were, we
used the independent sample t test to analyze the data. If not,
we used nonparametric test. The differences in survival
curves were tested by the log-rank test or Cox regression.
Data were analyzed by two-tailed analysis. p-values less than
0.05 were considered statistically significant.

10. Ethical statement

For the clinical specimens and animals used in the experi-
ment, we passed the approval of the local ethics committee
(IRB No. 20140213-19). All animal experiments were carried
out in accordance with the guidelines for the ethical treat-
ment of animals and with the approval of the Sir Run Run
Shaw Hospital, School of Medicine, Zhejiang University Ani-
mal Care and Use Committee.
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Results

1. CXCL-13 elevated in 5-Fu-resistant CRC cell

We obtained 5-Fu-resistant CRC cells by continuously
increasing the concentration of 5-Fu in the culture solution
[22]. Thence, starting with two 5-Fu—sensitive CRC cell lines
(DLD-1 and HCT116 cells), we gained two sub-cell lines,
called DLD-1 5-FuR and HCT116 5-FuR. Subsequent analysis
of cell activity prompted that the 50% inhibitory concentra-
tion (ICso) of 5-Fu for DLD-1 5-FuR was increased by 13-fold
and ICs of 5-Fu for HCT116 5-FuR by 4-fold (Fig. 1A and B).

Since previous studies have pointed to a close relationship
between tumor resistance and cytokines [9,23,24], we sus-
pected that there are some special secreted factors in cell cul-
ture medium of DLD-1 5-FuR cells that lead to 5-Fu resi-
stance. In order to verify this conjecture, we used DLD-1
5-FuR cells’ culture medium to culture DLD-1 cells and were
surprised to find that, DLD-1 cells co-cultured in the CM
from DLD-1 5-FuR showed stronger resistance to 5-Fu com-
pared to DLD-1 cells cultured in the original medium (Fig. 1C),
indicating that some secreted cytokines from DLD-1 5-FuR
cells caused the 5-Fu resistance of DLD-1 cells. In addition,
we repeated this experiment in HCT116 and HCT116 5-FuR
cells and obtained similar results (Fig. 1D).

To determine which cytokines in the CM from DLD-1
5-FuR cells that result in CRC cells resist to 5-Fu, we used a
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Fig. 2. Chemokine (C-X-C motif) ligand 13 (CXCL-13) is elevated in 5-fluorouracil (5-Fu) resistant colorectal cancer patient
and predicts clinical outcomes. (A) Comparison of the levels of CXCL-13 protein were measured by enzyme-linked
immunosorbent assay in 5-Fu-sensitive (n=9) and —resistant (n=9) colorectal cancer patients, patients are shown in Table 1.
Sen, sensitive cases; Res, resistant cases. (B) 6-Year overall survival (OS) Kaplan-Meier survival curves grouped by serum
CXCL-13 expression levels (118 pg/mL) of 64 colorectal cancer patients, as patient information is shown in Table 2. (C)
Six-year disease-free survival (DFS) Kaplan-Meier survival curves grouped by serum CXCL-13 expression levels (118 pg/mL)
of 64 colorectal cancer patients, as patient information is shown in Table 2. (A) *p < 0.05, **p < 0.01 by unpaired Student's t
test. (B, C) *p < 0.05 by log-rank (Mantel-Cox), hazard ratios (HRs) and 95% confidence interval (CI) are shown.

cytokine array to measure the levels of various cytokines lev-
els in the CM of DLD-1 and DLD-1 5-FuR cells. The result
showed that some cytokines (Eotaxin, Fit-3 ligand, CXCL-13,
IGFB1, etc.) in the CM of DLD-1 5-FuR cells changed dramat-
ically, compared to its control cells. The semi-quantitative
results of cytokines are shown in Fig. 1E. We found that
CXCL-13 may be the most likely cytokine that causes CRC
cells to resist to 5-Fu drug. Secreted CXCL-13 proteins levels
by ELISA of our detection in sensitive and its resistant CRC
cells make clear that the concentration of secreted CXCL-13
proteins significantly elevated in both resistant CRC cell lines
than that cultured in supernatant of cell culture of non-resis-
tant cell lines (Fig. 1F).

2. CXCL-13 is elevated in 5-Fu-resistant CRC patient and
predicts clinical outcomes

In order to confirm and clarify the character of the CXCL-
13 in 5-Fu-resistant CRC patients, the serum levels of CXCL-
13 in patients of 5-Fu-sensitive (n=9) and 5-Fu-resistant
(n=9) were assessed using ELISA. All patient information is
detailed in Table 1. Compared with the patients of 5-Fu-sen-
sitive (mean, 16.83 pg/mL), CXCL-13 was highly expressed
in the patients of 5-Fu-resistant (mean, 268.97 pg/mL) (Fig. 2A).
The mean expression level of CXCL-13 in 5-Fu-resistant pati-
ents was 16 times of that in 5-Fu-sensitive patients.

To evaluate the prognostic significance of the serum CXCL-
13 levels, we tested the serum levels of CXCL-13 in a group
of CRC patients and followed up their prognosis. Their
information is detailed in Table 2. In all of the enrolled 64
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Table 2. Correlation between patient serum CXCL-13 level and clinical characteristics of ELISA set

Serum CXCL-13 level, n (%)

Characteristic Total OR 95% CI p-value
<118 pg/mL  >118 pg/mL

Total 64 25 (39.0) 39 (61.0) - - -
Age (yr)

> 65 41 15 (36.6) 26 (63.4)

<65 23 10 (43.5) 13 (56.5) 1.333 0.481-3.579 0.605
Sex

Male 34 11 (32.4) 23 (67.6)

Female 30 14 (46.7) 16 (53.3) 1.830 0.635-4.845 0.308
Stage

1A 6 1(16.7) 5(83.8)

1B 49 23 (46.9) 26 (53.1)

1IC 4 1(25.0) 3 (75.0)

[ITA 3 0 3 (100)

[I11B 2 0 2 (100) - - 0.193
Histological type

Adenocarcinoma 51 20 (39.2) 31 (60.8)

Mucus adenocarcinoma 11 5 (45.5) 6 (54.5)

Others 2 0 2 (100) . . 0.479

p-value calculated by chi-square test. CXCL-13, chemokine (C-X-C motif) ligand 13; ELISA, enzyme-linked immunosorbent

assay; OR, odds ratio; CI, confidence interval.

patients with CRC, they received treatment according to the
guidelines and completed more than 40 months of follow-
up, most of which exceeded 60 months. We used serum
CXCL-13 cut-off value 118 pg/mL to categorize patients as
high expression of CXCL-13 (n=39) and low expression of
CXCL-13 (n=25) groups. Our results indicate the expression
level of CXCL-13 in serum is importantly related to OS and
DFS of patients with CRC. More specifically, the group of
high expression of CXCL-13 shows worse prognosis results
from OS or DFS perspective than the low expression group
(Fig. 2B and C). It is showed that there is a negative correla-
tion between the expression of CXCL-13 in serum and the
prognosis of patients with CRC after 5-Fu drug treatment.

3. CXCL-13-mediated autocrine mechanism promotes 5-Fu
resistance in CRC cancer cells

The above experimental results indicated that CXCL-13
might be a key cytokine contributing to CRC cell resistance
to 5-Fu. So we designed gain of function experiments and
loss of function experiments to prove our conjecture. We first
tested whether the addition of recombinant CXCL-13 to the
culture supernatant increased the 5-Fu resistance of DLD-1
and HCT116 cells. Indeed, when recombinant CXCL-13 was
added to the culture supernatant of DLD-1 and HCT116 cells,
the ICs of the two cells is observably improved (Fig. 3A and

628  CANCER RESEARCH AND TREATMENT

B). Meanwhile, CXCL-13 neutralization antibody treatment
decreased the ICs of both DLD-1 5-FuR and HCT116 5-FuR
cells, indicating that the sensitivity of cells to 5-Fu has
increased (Fig. 3C and D). Thus, secreted CXCL-13 acts as a
crucial autocrine factor to result in 5-Fu resistance in these
CRC cells.

For further verification of the relationship between CXCL-
13 and 5-Fu resistance in CRC cells, we knocked down
CXCL-13 by siRNA in DLD-1 5-FuR and HCT116 5-FuR cells
and found reduced expression of CXCL-13 in two drug-
resistant cells (Fig. 4A). More importantly, knockdown of
CXCL-13 re-sensitized DLD-1 5-FuR and HCT116 5-FuR cells
to 5-Fu (Fig. 4B and C). With the increase of 5-Fu concentra-
tion in the cell culture medium, the greater the effect of
CXCL-13 knockdown on CRC cell resistance of 5-Fu. After
adding recombinant CXCL-13 to the cell culture medium,
5-Fu resistance of DLD-1 5-FuR and HCT116 5-FuR cells with
downregulated CXCL-13 by siRNA had been significantly
restored. The addition of recombinant CXCL-13 could regain
resistance to 5-Fu in DLD-1 5-FuR and HCT116 5-FuR cells,
the ICs changes of the above cells were shown in Fig. 4D.
These findings further proved that CXCL-13 is a major
cytokine involved in CXCL-13-induced 5-Fu resistance in
CRC cells.
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Fig. 3. Chemokine (C-X-C motif) ligand 13 (CXCL-13) promotes colorectal cancer cells resistance to 5-fluorouracil (5-Fu)
through autocrine mechanism. (A, B) Viability of DLD-1 cells or HCT116 cells treated with different concentrations of 5-Fu
for 3 days after pretreatment with 10 ng/mL of CXCL-13 for 6 hours. (C, D) Viability of DLD-1 5-Fu resistant (5-FuR) cells
or HCT116 5-FuR cells treated with different concentrations of 5-Fu for 3 days after pretreatment with a control IgG or a
CXCL-13 neutralizing antibody (5 ug/mL) for 6 hours. Data from three independent experiments were tested in triplicate.
*p <0.05, *p < 0.01, “*p < 0.001 by Student’s t test or one-way ANOVA.

4, 5-Fu treatment induces CXCL-13 secretion in vivo

In recent years, PDX models have developed translational
medical research in the field of oncology for they retain the
major histological and genetic features of their donor tumors.
In a nutshell, it inoculates primary tumor tumors obtained
from patients into immunodeficient mice. As a consequence,
PDX models are widely used in biomarker development,
drug evaluation, patient medication guidance, and metasta-
sis study.

In order to further detect whether the tumor tissue will
also cause an increase in CXCL-13 due to a similar response
to 5-Fu in vivo, we constructed a PDX model with a tumor
from a colon cancer patient who had not used 5-Fu ever, and

subsequent chemotherapy showed that the tumor was sen-
sitive to 5-Fu. When tumors reached a volume of > 1,000 mm®
(about 2 weeks later), we treated xenograft tumor with a dose
of 30 mg/kg twice a week via intraperitoneal injection for 4
weeks. After weekly drug treatment, the blood of the mice
took around the eyelids was used to analyze the expression
of cytokines. Seven days after the last treatment, tumor tissue
is collected to analyze the expression of CXCL-13. The
research process is briefly summarized in Fig. 5A.

There was no difference in serum CXCL-13 levels before
starting 5-Fu injection. 5-Fu treatment significantly increased
the expression of CXCL-13 in the serum of mice (Fig. 5B).
Tumor tissues that had been subjected to 5-Fu strike exhib-
ited higher levels of CXCL-13 expression by immunohisto-
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chemistry analysis (Fig. 5C). Quantitative immunohisto-
chemical analysis confirmed our conclusion (Fig. 5D). Thus,
sustained 5-Fu stimulation under in vivo conditions induces
activation of CXCL-13 in tumor cells. Therefore, this in vivo
experiment provides partial evidence for an explanation of
how patients with CRC develop elevated CXCL-13 expres-
sion during 5-Fu chemotherapy.

Discussion

According to the article previously reported, cytokines,
particularly those related to cell proliferation, migration,
invasion, immune response, and tumor microenvironment,
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could partially explain the tolerance of tumor cells to che-
motherapeutic drugs [9,23,25,26]. Therefore, we selected and
cultured two 5-Fu-resistant CRC cell lines (DLD-1 5-FuR and
HCT116 5-FuR), and confirmed that there are certain cyto-
kines related to CRC cell resistance by exchanging the culture
medium of drug-resistant and non-resistant cell lines. Fur-
ther cytokine arrays led us to limit our research to CXCL-13.
Through “gain of function” and “loss of function” experi-
ments we confirmed the important role of CXCL-13 in CRC
cell resistance to 5-Fu. Recent experimental results remind
us that CXCL-13 siRNA reversed the DLD-1 5-FuR and
HCT116 5-FuR cell resistance to 5-Fu drug, while adding
recombinant CXCL-13 could restore these cell resistance.
However, which cell pathways CXCL-13 participates in the
CRC cells resist to 5-Fu still requires further experimental
exploration.
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CXCL-13, which expressed in lymphoid organs and some
tumor tissues, has attracted a lot of attention for its important
role in attracting tumor cells spreading to these sites and pro-
moting bad clinical outcomes [17,27,28]. Zhu et al. [29] study
showed CXCL-13 promoted colon cancer cells growth and
migration via activating the PI3K/AKT pathway. Further-
more, CXCL-13 promoted matrix metalloproteinase 13
expression and secretion. Qi et al. [27] research results
showed the expression of CXCL-13 and CXCR5 were notice-
ably increased in CRC tissues compared with adjacent cancer
cells, which was more apparent in tumors with higher tumor
staging (= T3). However, Waldner et al. [30] found the num-
ber and the size of intestinal tumors in CXCR5-knockout
mice were noticeably reduced, and the number of infiltrated
B cells in the tumor was found to increase by a large margin
compared with that of control group. In contrast, mice
treated with CXCL-13-overexpressing MC38 cells showed
lower tumor growth rates and sizes. It seems that CXCL-13-

CXCR5 axis may target tumor by recruiting B lymphocytes,
and is essential in the anti-tumor immune response of tumor
microenvironment in CRC. The above evidence suggests that
CXCL-13 may be a potential target in CRC therapy.

What counts is this new molecular mechanism of CRC not
sensitive to 5-Fu was verified by our clinical findings. For the
detection of CXCL-13 in the serum of patients who are not
sensitive to 5-Fu, its content is much higher than that of the
counterpart. This result is consistent with the study's conclu-
sion of Qi et al. [27]. Thus, patients with elevated CXCL-13
are more likely to show resistance to 5-Fu and patients with
this feature suggest a worse prognosis (including OS and
DFS) following 5-Fu-based therapy. Although we have con-
trolled the patients’ age, sex, underlying condition, and
pathological type of the tumor, there are still some differ-
ences in the patient's baseline. As we collect more cases for
analysis in the future, we will further balance the situation
between the groups and try to discover the relationship
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between CXCL-13 and other clinical features.

As a hotspot tool for tumor research in recent years, PDX
model also plays an important role in the study of tumor
resistance. In this study, we used the PDX model to recon-
struct the in vivo performance of tumors after 5-Fu treatment.
Consistent with the cell experiment, the tumor showed a
higher level of CXCL-13 under continuous 5-Fu treatment,
both in serum and in tissue. The above experimental results
strongly demonstrate that the high expression of CXCL-13 is
closely related to tumors stimulated by 5-Fu. In subsequent
experiments, the PDX model could also be used to explore a
range of mechanisms and potential therapeutic targets for
CXCL-13 leading to tumor resistance.

The discovery of CXCL-13 autocrine mechanism induces
tumor resistance to 5-Fu is an exciting thing. Since 5-Fu treat-
ment stimulates the secretion of CXCL-13, then we have
more reasons to believe that joint use of a 5-Fu drug and an
agent targeting CXCL-13 could prevent or delay the emer-
gence of CRC cell resistance to the 5-Fu during the during

chemotherapy. Perhaps we can detect the level of CXCL-13
in the serum of chemotherapy patients, find patients with 5-
Fu resistance as soon as possible, and take active treatment
measures. However, our hypothesis must be confirmed by
more experimental results and clinical trials.
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