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MicroRNA-29b-3p promotes 5-fluorouracil resistance via suppressing
TRAF5-mediated necroptosis in human colorectal cancer

Shuimei Wu, Yun Zhou, Ping Liu, Hui Zhang, Wanliang Wang, Yuan Fang, Xiang Shen
Department of Gastroenterology, Wuhu No.1 People’s Hospital, Wuhu City, Anhui Province, China

Drug resistance in colorectal cancer is a great challenge in clinic. Elucidating the deep mechanism underlying
drug resistance will bring much benefit to diagnosis, therapy and prognosis in patients with colorectal cancer.
In this study, miR-29b-3p was shown to be involved in resistance to 5-fluorouracil (5-FU)-induced necroptosis
of colorectal cancer. Further, miR-29b-3p was shown to target a regulatory subunit of necroptosis TRAFS5.
Rescue of TRAFS5 could reverse the effect of miR-29b-3p on 5-FU-induced necroptosis, which was consistent
with the role of necrostatin-1 (a specific necroptosis inhibitor). Then it was demonstrated that miR-29b-3p was
positively correlated with chemoresistance in colorectal cancer while TRAFS negatively. In conclusion, it is
deduced that miR-29b-3p/TRAFS signaling axis plays critical role in drug resistance in chemotherapy for col-
orectal cancer patients by regulating necroptosis. The findings in this study provide us a new target for interfere
therapy in colorectal cancer.

ABSTRACT

Key words: Colorectal cancer; miR-29b-3p; TRAFS; necroptosis; 5-fluorouracil resistance.

Correspondence: Dr. Xiang Shen, Department of Gastroenterology, Wuhu No.1 People’s Hospital, Wuhu City,
Anhui Province, China, Email: hao350318178@outlook.com

Contributions: SW, YZ contributed equally to this study. SW, YZ, XS, study concept; SW, YZ experiment com-
pletion; PL, HZ, WW, literature search; WW, YF, data analysis; PL, HZ, WW, YF, results discussion; SW, YZ,
XS, manuscript drafting and revision. All the authors have read and approved the final version of the manuscript
and agreed to be accountable for all aspects of the work.

Conflict of interest: The authors declare that no conflicts of interest exist in this article.

Funding: This work was supported by the Wuhu Health commission Research Project

Ethics approval: All experiments were performed in the Wuhu No.1 People’s Hospital and followed all guide-
lines. The Ethics Committee of the Wuhu No.1 People’s Hospital formally approved this study.

Availability of data and material: All data generated or analyzed during this study are included in this published
article.

OPEN 8Access [European Journal of Histochemistry 2021; 65:3247]



Introduction

Colorectal cancer (CRC) is a leading cause of cancer mortality
and current strategies for treating this disease need to be
improved.!-* Fluorouracil, 5-fluorouracil (5-FU), is the most com-
monly used drug in clinic and is the backbone of all first-line ther-
apies in adjuvant and metastatic therapy.* Resistance to treatment
is common, especially in metastatic settings, and understanding the
mechanism that regulates 5-FU targets can help identify new ther-
apeutic strategies to improve patient outcomes.>”’

Cell susceptibility to apoptosis is severely impaired in cancer,
while other forms of death become more important in cell killing
and tumor responses to DNA-damaging factors.® Necroptosis was
a novel programmed form of necrotic cell death that bears a mor-
phological resemblance to necrosis and a mechanistic resemblance
to apoptosis.” Receptor-interacting protein kinase 1 (RIP1) and
RIP3-mixed lineage kinase domain (MLKD) -mediated necrosis
are the most understood forms of regulated necroptosis.' Once the
pro-apoptotic molecule fails to stimulate the apoptotic body, the
default death program is triggered, inducing ripoptosome assembly
leading to necrosis, which depends on the kinase activity of critical
enzymes RIP1 and RIP3.''? Previous reports have shown that
some compounds induce necroptotic cell death in multidrug-resis-
tant cancer cell lines to ward off resistance, suggesting that necrop-
totic susceptibility is an inherent weakness of cancer.!*!
Therefore, screening for necroptosis inducers may be a novel strat-
egy to treat 5-FU resistance in cancer.

It has been reported that alterations in microRNAs (miRNAs)
contribute to the formation of tumor drug resistance, including
5-FU resistance.'®? MiRNAs are small single-stranded non-cod-
ing RNA molecules coordinating complex pathological process-
es.!® These short non-coding RNAs act as post-transcriptional reg-
ulators of gene expression by binding to mRNAs containing

=

miRNA recognition elements.?! A single miRNA binding to its tar-
get mRNA can coordinate epigenetic regulation of gene products
and promote developmental or pathological switches, such as cell
survival and death.?>>* However, it is not clear how miRNAs are
involved in mediating the formation of 5-FU resistance.

In this study, we investigated the role of miR-29b-3p in drug-
resistance of colorectal cancer to 5-FU in vitro and in vivo.
Furthermore, the deep mechanism was explored by western blot-
ting analysis.

Materials and Methods

Cell culture

Human colorectal cancer cell lines HT-29, HCT-116, SW480,
SW620, LoVo, SW48, DLD-1, Caco-1 and HCT-15 cells were
maintained in RMI-1640 (Gibco, Thermo Fisher Scientific,
Waltham, MA, USA), supplemented with 10% FBS, 200 mM L-
glutamine, 1%PS, and placed in a wet incubator at 37°C and 5%
CO,. 5-FU (F6627-10G) was purchased from Sigma (Poole, UK),
and soluble in dimethyl sulfoxide. Colorectal cancer cells were
treated with 5-FU at 5 pg/mL.

Western blot

Western blotting is performed on the entire cell extract by lysis
the cells in the RIPA buffer. Antibodies against TRAF5 (1:2000)
and GAPDH (1:1500) were purchased from Abclonal (Shanghai,
China). Primary antibodies were prepared in bovine serum albu-
min (BSA), tested with appropriate anti-mouse and anti-rabbit con-
jugates (Dako, Glostrup, Denmark; 1:5000) at room temperature
for 1h, and visualized using the Enhanced Chemiluminescence
Detection System (ECL) (Perkin Elmer, Waltham, MA, USA).
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Figure 1. TRAF5 was significantly lower expressed in colon cancer tissues and cells. A) The protein level of TRAF5 in commercial colon
tumor tissue microarray from 110 colon cancer samples was analyzed by immunohistochemistry. B) The expression level of TRAF5
mRNA in serials of colon cancer cell lines (HT-29, HCT-116, SW480, SW620, LoVo, SW48, DLD-1, Caco-1 and HCT-15) and a nor-
mal colorectal cell line (NCM480) were analyzed by real-time PCR. H-score means histochemistry score which indicates the intensity

of positive staining. ***p<0.001 versus adjacent tissue.
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Real-time PCR

Total RNA was extracted by RNeasy Mini kit (Qiagen, Hilden,
Germany) and first strain was synthesized by cDNA reverse tran-
scription kit (Takara, Shiga, Japan). RT-PCR was performed by
SYBRGreen method using ABI 7900 system (Applied Biosystems,
Bedford, MA, USA). The protocol is as below: 95°C, 30 s; (95°C,
15's; 60°C, 15 s) for 40 cycles. The sequences of primers used are
as follows: TRAFS, 5-ACTCCGCGGATCCCAGATGATT-
3’(forward), 5’-CAGTTCCTTGTTCTGGGATCAC-3’(reverse)
and GAPDH, 5’- TGACTTCAACAGCGACACCCA-3’ (for-
ward), 5’- CACCCTGTTGCTGTAGCCAAA-3’ (reverse).

Colony formation assay

HCT-116 and LoVo cells were inoculated on 6-well plates at a
density of 200/well and cultured at 37°C for 10 days. Fixed with
4% paraformaldehyde for 10 min and stained with 0.1% crystal
violet for 20 min.

Flow cytometry

An apoptosis detection kit (BD, 556547) was used to detect the
percentage of apoptotic and necroptotic cells. Annexin V-FITC
(excitation wavelength at 488 nm, emission wavelength at 525 nm)
and PI (excitation wavelength at 488 nm, emission wavelength at

620 nm) stained samples were measured by FACs (BD Biological
Sciences, San Jose, CA, USA). The FITC-labeled cells were con-
sidered as apoptotic cells while PI-labeled cells were considered as
necrotic cells. Necrosis inhibitor necrostatin-1 (NEC-1) was pur-
chased from Selleck (CAT: 852391-15-2, Shanghai, China) and
was used to treat colorectal cancer cells at 600 nmol/L.

Immunohistochemical analysis

Colon tumor tissue microarray was purchased from OUTDO
Biotech Co. Ltd. (catalog: HColA120cs01, Shanghai, China). The
microarray was deparaffinized, subjected to antigen retrieval in
sodium citrate buffer with 1 M citric acid, boiling for 20 min at
97°C, incubated with methanol and 30% hydrogen peroxide for 30
min at room temperature followed by BSA blockade for 35 min at
room temperature. Then the microarray was incubated with prima-
ry antibody against TRAFS (dilution 1:50, R&D systems, USA) at
4°C overnight, placed for 1 h at room temperature with rabbit
EnVisionamplification reagent (K4003, Dako), incubated with
diaminobenzidine solution for 5 min at room temperature, counter-
stained for 8 min with Hematoxylin (Dako) at room temperature,
and dehydrated in graded ethanol washes (70, 85, 95, 100%) for 1
min followed by 5 min in xylene.
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Figure 2. TRAFS5 contributed to the 5-FU resistance in colon cancer cells. A) The efficiency of TRAF5 knock-down in HCT-116 and
LoVo cells were analyzed by real-time PCR. B) The efficiency of TRAF5 knock-down in HCT-116 and LoVo cells were verified by
Western blot. C) The effect of TRAF5 knock-down on the cell viability of HCT-116 and LoVo cells were analyzed by CCK-8. D) The
effect of TRAF5 knock-down on the colony formation of HCT-116 and LoVo cells were analyzed by colony formation assay. *p<0.05

versus si-NC group.
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Construction of plasmid and lentivirus pakage

MiR-29b-3p mimics were synthesized by Genepharm
(Shanghai, China). Plasmid carrying 3-UTR of TRAF5 was chem-
ical synthesized by Generay Company (Shanghai, China).
Lentivirus carrying target gene was produced in 293T cells with
pspax2 and pMD2.G as helper plasmid.

Luciferase reporter assay

Cancer cells were treated with either TRAFS5 wild type (WT)
or mutated-type (Mut) promoter reporters in combination with
miR-29b-3p mimic. 48 h after transfection, the luciferase activity
was detected by the Dual Luciferase Reporter Assay System
(Promega, Madison, WI, USA).

RNA pull-down assay

Pierce™Magnetic RNA-Protein Pull-Down Kit (#20164,
ThermoFisher Scientific) was used for RNA Immunoprecipitatioin
(RIP) assay. In brief, RNA was bound to the beads to receive the
RNA for protein binding. Then, the RNA-bound beads were bal-
anced in Protein-RNA Binding Buffer before the addition of the
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protein lysate. The beads were then washed and separated after
vortex on a magnetic stand. Lastly, RT-qPCR assay was used to
assess the specificity of RNAs pulled.

Xenograft models

Male BALB/c NOD mice aged 4 to 6 weeks were purchased
from Shanghai Experimental Animal Center of China. CRC cells
(3%10° cells, 200 pL normal saline) were injected into mice; 5-FU
at dose of 10 mg/kg or normal saline was intraperitoneally injected
after 10 days, before starting 5-FU therapy, intratumoral injections
of miR-29b-3p inhibitors or si-TRAF5 were administered. They
were tested every 5 days and killed 4 weeks after administration.
Tumor volume was measured with digital calipers and tumor vol-
ume was calculated: volume = 0.5 x width? x length.

Statistical analysis

Data are presented as Mean +SD. Statistical analysis was per-
formed using GraphPad Prism 9 software (La Jolla, CA, USA).
The difference in the mean between the groups was assessed using
either the Student’s #-test or one-way analysis of variance; p<0.05
was considered statistically significant.
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Figure 3. TRAF5 improves the 5-FU induced necroptosis in colon cancer cells. A) The apoptotic cell rate of HCT-116 and LoVo cells
were analyzed by FACs; B. Thenecroptotic cell rate of HCT-116 and LoVo cells were analyzed by FACs; C. The cell survival rate of HCT-
116 cells were analyzed by CCK-8 assay. D. The cell survival rate of LoVo cells were analyzed by CCK-8 assay. The FITC-labeled cells
were considered as apoptotic cells while PI-labeled cells were considered as necrotic cells. *p<0.05, **p<0.01 versus Blank group;
#pP<0.05, ##p<0.05 versus 5-FU group; $P<0.05 versus si-TRAF+5-FU group.
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Results

TRAFS was significantly lower expressed in colon can-
cer tissues and cells

To investigate the expression of TRAFS, a key regulator of
necrosis in colon cancer, we performed immunohistochemistry in
commercial colon tumor tissue microarray from 110 colon cancer
samples (Figure 1A). As shown, we observed positive staining of
TRAFS5 (>90%) in the cytoplasm of adjacent tissues, suggesting
that TRAFS5 is normally expressed in normal human colon tissue,
whereas it was negative in colon cancer tissues. We then evaluated
the expression level of TRAFS5 in colon cancer cell lines. As shown
in Figure 1B, the expression of TRAFS in colon cancer cell lines
including HT-29, HCT-116, SW480, SW620, LoVo, SW48, DLD-
1, Caco-1 and HCT-15, was lower than normal colorectal cells
(NCM480). These results demonstrate that TRAF5 was much
lower expressed in colon cancer tissues and cells.

TRAFS5 contributed to the 5-FU resistance in colon can-
cer cells

To evaluate the role of TRAFS in the sensitivity of colon can-
cer cells to 5-FU, we knocked down the expression of TRAFS with
transfection of specific siRNAs into HCT-116 cells and Lo Vo cells.
The silence efficiency was confirmed by real-time PCR (Figure
2A) and Western Blot (Figure 2B). Notably, the silence of TRAF5
remarkably increased the survival rate (Figure 2C) and formatted
colonies (Figure 2D) in 5-FU-treated HCT-116 cells and LoVo
cells. Thus, these results demonstrated that TRAFS5 contributed to
the 5-FU resistance in HCT-116 cells and LoVo cells.

TRAFS improved the 5-FU induced necroptosis in
colon cancer cells

To investigate whether necrosis was associated with impaired
TRAF5-5-FU resistance, TRAF5 was overexpressed in HCT-116
cells and LoVo cells (Figure S1A). As shown, overexpression of
TRAFS5 did not affect the number of apoptotic cells in 5-FU-treated
HCT-116 cells and LoVo cells (Figure 3A), but significantly
increased the number of necroptotic cells in 5-FU-treated HCT-116
cells and LoVo cells (Figure 3B). Furthermore, this activated
necrosis was eliminated by the necrosis inhibitor necrostatin-1
(NEC1). Similarly, after 5-FU treatment, TRAFS overexpression
significantly reduced the survival rate of HCT-116 (Figure 3C) and
LoVo (Figure 3D) cells, while NEC-1 reversed this trend. These
results suggest that TRAF5-mediated necrosis is inhibited in 5-FU
resistant HCT-116 cells and LoVo cells.

miR-29b-3p was high expressed in colon cancer and
suppressed the expression of TRAFS via targeting its
3’UTR

To identify the potential regulatory miRNAs of TRAFS in
colon cancer, RNA immunoprecipitation (RIP) assay was per-
formed and found a miR-29b-3p enrichment in the component of
TRAF5 3’UTR (Figure 4A). In order to prove that TRAFS is a
direct target gene of miR-29b-3p, we constructed a fluorescent
reporter gene vector at the miR-29b-3p binding site on TRAFS5-
3’UTR. We examined luciferase activity by transfection of miR-
29b-3p with TRAF5-3’UTR reporter vector into colon cancer
cells. At the same time, we performed point mutation on TRAFS5-
3’UTR to construct mutant TRAF5-3’UTR fluorescent reporter
plasmid. As shown, miR-29b-3p was increased significantly
(Figure S1B) and dramatically decreased fluorescence activity,
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Figure 4. miR-29b-3p is high expressed in colon cancer and suppressed the expression of TRAFS5 via targeting its 3’UTR. A) The TRAF5
3’UTR enriched miRNAs was screened by RNA IP. B) Dual-luciferase assay was used to evaluate the targeting of miR-29b-3p to TRAF5
3’UTR. C) Wild-type and mutant miR-29b-3p RNA pull down was used to verify the interacting between miR-29b-3p and TRAF5
3’UTR. D) The level of miR-29b-3p in colon cancer tissues was analyzed by real-time PCR. E) Kaplan-Meier analyses was used to eval-
uate the correlation between miR-29b-3p expression and the overall survival in the colon cancer patients. F) The effects of miR-29b-
3p over-expression or silence on the level of TRAF5 were evaluated by real-time PCR. *p<0.05, **p<0.01 versus control group; #p<0.05

versus TRAF5-3’UTR-WT group.
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while there was no significant change in fluorescence activity in
mutant UTR (Figure 4B). Moreover, the wild-type and mutant
miR-29b-3p RNA Pull Down confirmed that TRAFS5-3’UTR was
enriched in the wild-type miR-29b-3p component (Figure 4C).
Moreover, we found that miR-29b-3p are highly expressed in the
colon cancer tissues (Figure 4D) and the up-regulated expression
of which is related to the poor prognosis of patients with colon can-
cer (Figure 4E). Furthermore, miR-29b-3p mimics reduced the
expression of TRAF5 in HCT-116 cells and LoVo cells, whereas
miR-29b-3p inhibitor increased its level (Figure 4F). These results
demonstrate that miR-29b-3p is high expressed in colon cancer
and suppressed the expression of TRAFS via targeting its 3’UTR.

miR-29b-3p inhibited the 5-FU induced necroptosis and
improvedS-FU resistance in colon cancer cells via sup-
pressing TRAFS

To determine whether TRAF5-mediated necrosis was related
to 5-FU resistance triggered by miR-29b-3p, we reduced the
expression of miR-29b-3p and TRAFS5. As seen in Figure 5A, inhi-
bition of miR-29b-3p significantly increased the number of
necroptotic cells in HCT-116 and LoVo cells, while silencing of
TRAFS completely reversed this situation.

In order to investigate the role of miR-29b-3p damaged necro-
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sis in the development of 5-FU resistance of HCT-116 cells and
LoVo cells in vivo, HCT-116 cells inhibited or not inhibited by
miR-29b-3p were subcutaneously injected into nude mice and then
treated with the optimal dose of 5-FU. We found that inhibition of
miR-29b-3p significantly improved the chemotherapy effect of 5-
FU, while silencing of TRAF5 had little effect on tumor growth
(Figure 5B). The final tumor size in the miR-29b-3p inhibited
group was significantly smaller than that in the 5-FU alone group,
and the silencing of TRAFS further reversed this result (Figure
5B). In addition, average tumor weight was significantly heavier in
the TRAF5-silenced group than the 5-FU group alone (Figure 5B).
In summary, these results suggested that miR-29b-3p inhibited 5-
FU-induced necrosis by inhibiting TRAFS in vivo and in vitro, and
increased the resistance of colon cancer cells to 5-FU.

Discussion

miR-29b-3p is abnormally expressed in a variety of cancers.? 2
For example, in breast cancer, miR-29b-3p promotes the occur-
rence and development of triple negative breast cancer by inhibit-
ing the expression of TRAF3.”7 Studies have shown that the
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Figure 5. miR-29b-3p inhibits the 5-FU induced necroptosis and improves 5-FUresistance in colon cancer cells via suppressing TRAF5
in vitro and in vivo. A) The apoptotic and necroptotic cell rate of HCT-116 and LoVo cells were analyzed by FACs. B) The representative
tumor image and tumor weight generated from the TRAF5 silence with or without miR-29b-3p knock-down HCT-116 cells were
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expression of miR-29b-3p is increased in human colon cancer,
which activates EMT and promotes the proliferation and invasion
of colon cancer cells.?® This is consistent with our results. We
found that the level of miR-29b-3p was related to the sensitivity of
cells to 5-FU. Inhibition of miR-29b-3p can enhance cell resistance
to 5-FU. In this study, we proved for the first time that miR-29b-
3p contributed to the progression of colorectal cancer and inhibi-
tion of miR-29b-3p may be a new way to treat colorectal cancer.
Tumor necrosis factor receptor-related factors (TRAFs),
including TRAF1, 2, 3, 5, and 6, have been identified as molecular
activator of NF-kB. TRAFs act as ubiquitin ligases through induc-
tion K-63 poly-ubiquitination in receptor-interacting protein 1
(RIP1), which leads to activation of the transforming growth factor
B-activated kinase-1 (TAK1)/ table 2/3 complex. Activated
TAK1/TAB2/3 phosphorylates and activates the NF-kB kinase
inhibitor (IKK)-a/b/g complex, leading to nuclear translocation
and activation of NF-kB.?* A growing body of evidence suggests
that TRAFS5 plays a key role in cancer progression.?*3%-32 For exam-
ple, the expression of TRAFS in gastric cancer tissues has been
shown to be up-regulated, and its high expression predicts poor
overall survival.*® Over-expression of TRAF5 promotes in vitro
migration of gastric cancer cells. Down-regulation of TRAFS5 after
over-expression of miR-26b can significantly inhibit the prolifera-
tion of melanoma cells and promote apoptosis.>* Conversely, we
found that TRAFS expression was lower in CRC tissues than in
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adjacent tissue. Moreover, we found that miR-29-3p was resistant
to 5-FU induced necroptosis in vitro and reduced the ability of 5-
FU to inhibit tumor growth in xenograft mouse models in vivo.
Further studies showed that miR-29-3p regulated drug resistance
by down-regulating the expression of TRAFS, the regulatory sub-
unit of necroptosis. However, in miR-29-3p expressed cells, the
expression of TRAFS can re-sensitize colon cancer cells to 5-FU-
induced necrosis (Figure 6). These findings suggest that inhibition
of miR-29-3p or restoration of TRAFS expression may have sig-
nificant therapeutic potential for overcoming drug resistance in
patients with colorectal cancer. However, more experiments are
necessary to further support the role of miR-29-3p in colorectal
cancer. For example, the downstream signaling of miR-29-
3p/TRAFS is not clear, but it will be very important to elucidate the
deep molecular mechanism. In addition, the clinical role of miR-
29-3p and/or TRAFS5 in therapy or diagnosis of colorectal cancer
is also not known. All these issues are our focus point in future
work.
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