
BRIEF REPORT

β-Catenin inhibition shapes tumor immunity and synergizes with immunotherapy in 
colorectal cancer
Caihong Wanga,b*, Jingjing Yana,b*, Pan Yina,b, Liming Guia,b, Lu Jia,b, Bin Maa,b, and Wei-Qiang Gaoa,b

aState Key Laboratory of Oncogenes and Related Genes, Renji-Med-X Clinical Stem Cell Research Center, Ren Ji Hospital, School of Medicine and 
School of Biomedical Engineering, Shanghai Jiao Tong University, Shanghai, China; bMed-X Research Institute, Shanghai Jiao Tong University, 
Shanghai, China

ABSTRACT
In colorectal cancer, Wnt/β-catenin signaling is often aberrantly activated and associated with a T-cell- 
excluded phenotype which is a major obstacle for many immunotherapies. However, the effects of Wnt/β- 
catenin inhibition on tumor immunity and immunotherapy remain to be elucidated. In syngeneic mouse 
models of colorectal cancer, β-catenin/TCF inhibitor iCRT14 potently enhanced the infiltration of T and NK 
cells, without influencing their proliferation or the infiltration of most myeloid populations. 
Mechanistically, β-catenin inhibition upregulated while its overexpression suppressed the expression of 
T/NK cell-recruiting CXCR3 chemokines CXCL9/10/11 in both mouse and human colorectal cancer cells. 
Furthermore, iCRT14 treatment synergized with tumor vaccines or Treg cell ablation to achieve 
a complete inhibition of tumor growth in syngeneic models of CT26-OVA and MC38-S33Y.β-cat, respec
tively. Taken together, our work reveals that β-catenin inhibition shifts colorectal tumor microenviron
ment into a T-cell-inflamed phenotype and potentiates the efficacy of other immunotherapeutic 
strategies for colorectal cancer.
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Introduction

Over the past few years, colorectal cancer ranks among the top 
three of all cancers regarding the incidence and mortality.1–3 

Recent breakthroughs in immunotherapies such as CAR-T and 
checkpoint blockade have revolutionized the treatments for 
cancer. However, many tumors are resistant to immunother
apy due to their complex microenvironment. A T-cell- 
inflamed phenotype has been shown to be associated with 
better outcomes and responses to immunotherapies in patients 
with colorectal and other cancers.4–6 In particular, chemotaxis 
mediated by chemokines CXCL9/10/11 and their receptor 
CXCR3 is crucial for tumor infiltration of effector cells includ
ing T and NK cells, as well as responsiveness to 
immunotherapy.7–9

Besides their intrinsic effects on tumor cell proliferation 
and apoptosis, oncogenic pathways like the Wnt signaling 
have been found to act on tumor microenvironment and 
lead to immune evasion.10 In melanoma, it has been shown 
that Wnt/β-catenin activation results in reduced tumor 
infiltration of dendritic cells (DCs) and T cells via inhibi
tion of CCL4 expression.11 Moreover, analyses of 1211 
primary colorectal tumor samples12 and a panel of 31 
solid tumor types13 contained within The Cancer Genome 
Atlas (TCGA) suggested that aberrant Wnt/β-catenin 

signaling might lead to a T cell-excluding phenotype. 
Importantly Wnt/β-catenin signaling is one of the most 
frequently dysregulated pathways in colorectal cancer.14,15 

However, the underlying mechanism of how β-catenin sig
naling impacts colorectal tumor immunity is still unclear. 
Given that tumor T cell infiltration is crucial for immuno
surveillance and immunotherapy, Wnt/β-catenin pathway 
potentially serves as a promising target for shaping the 
immune microenvironment of colorectal cancer.

To date, many Wnt/β-catenin pathway inhibitors target 
the upstream components of the, including but not limited 
to blocking the secretion of Wnt ligands, 16 upregulating 
the expression of GSK3β17 and stabilizing Axin.18 However, 
these therapies have been found to be ineffective for color
ectal cancer with mutations in APC or CTNNB1 (β-catenin) 
, which points us to target the downstream of the Wnt/β- 
catenin pathway. In the current study, we used a small 
molecule inhibitor iCRT14 to block T cell factor (TCF)/ 
lymphoid enhancer factor (LEF) responsive transcription of 
canonical Wnt pathway.19 iCRT14 has been shown to inter
fere with β-catenin/TCF interaction and TCF binding to 
DNA. We aim to investigate the effects of β-catenin/TCF 
inhibition on the tumor immunity and immunotherapy in 
colorectal cancer, and to uncover the underlying 
mechanisms.
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Results

iCRT14 inhibits β-catenin-mediated transcriptional 
activity and colorectal tumor cell growth in vitro

To block Wnt/β-catenin pathway, we chose a small- 
molecule compound iCRT14 that targets β-catenin/TCF 
transcriptional complex and was able to inhibit the activity 
of mutant β-catenin.19 Indeed, iCRT14 inhibited GSK3 
inhibitor-induced canonical Wnt pathway activity in 
a dose-dependent manner (Supplemental. S1A). Moreover, 
it was able to suppress the activities of two mutant forms of 
β-catenin, S33Y (replacing serine 33 with tyrosine) and Δ45 
(lacking serine 45), that are resistant to GSK3β/CK1α- 
mediated phosphorylation and destruction, while XAV939 
which could stabilize Axin to downregulate β-catenin, 18 

failed to exhibit any inhibitory effect (Supplemental. S1B). 
Accordingly, iCRT14 was able to inhibit the proliferation of 
human colorectal cancer cell line HCT116 which expressed 
the degradation-resistant mutant β-catenin while XAV939 
had no effect (Supplemental. S1C). As compared to 
XAV939 that targets the upstream components of β- 
catenin destruction complex and is not able to inhibit the 
degradation-resistant mutant β-catenin, iCRT14 targets the 
downstream β-catenin/TCF transcriptional complex, and 
can block the aberrant activity of Wnt signaling mediated 
by abnormalities in any upstream pathway components or 
downstream transcriptional members. Therefore, iCRT14 
might be applicable in a broader cohort of colorectal cancer 
patients including those with β-catenin mutations.

To establish a Wnt/β-catenin-active colorectal tumor 
model, we examined the activity of the Wnt/β-catenin in two 
mouse colorectal cancer cell lines CT26 and MC38. As com
pared to MC38, CT26 clearly showed higher β-catenin expres
sion (Supplemental. S2A) and TCF reporter (TOP) activity 
(Supplemental. S2B). iCRT14 dose-dependently decreased the 
TCF reporter activity without affecting β-catenin protein levels 
in CT26 cells (Supplemental. S2C-D). Moreover, iCRT14 
potently inhibited the proliferation of CT26 cells and the 
expression of Wnt target genes including Axin2, Ccnd1 and 
Myc in vitro (Supplemental. S2E-F). Together with the pre
vious study, 19 these data indicate that iCRT14 effectively 
inhibits the transcriptional activity of β-catenin/TCF in color
ectal cancer cells.

β-Catenin inhibition enhances T and NK cell infiltration in 
colorectal tumors in vivo

To study the effect of iCRT14 on tumor immunity, CT26 cell 
line was first used to establish the syngeneic subcutaneous 
mouse model. Notably, iCRT14 treatment significantly 
increased CD45+ leukocytes in the CT26 tumors (Figure 
1a). Among the total leukocytes, the ratios of cytotoxic 
CD8+ T cells (Figure 1b) and Foxp3− conventional CD4+ 

T cells (Figure 1c) were elevated by iCRT14. NK cell ratio 
in total cells was also significantly raised by iCRT14, 
although the change in the ratio among CD45+ cells did 
not reach statistically significant level (Figure 1d). 
T regulatory (Treg) cells appeared to accumulate in the 
tumors received iCRT14 treatment too (Figure 1e). 

However, the ratio of conventional CD4+ T cells to Treg 
cell seemed to be upregulated in iCRT14-treated tumors 
(Figure 1f). In contrast, iCRT14 did not change the ratios 
of most myeloid populations in the tumors, including M2 
macrophages and myeloid-derived suppressor cells (MDSCs) 
(Figure 1g), conventional DCs (cDCs) or cDC subtypes 
(CD103+ or CD11b+) (Supplemental. S3A). Only M1 macro
phages were enriched in iCRT14-treated tumors (Figure 1g). 
Of note, the splenic CD4+ T, CD8+ T and NK cells were not 
influenced by iCRT14 (Supplemental. S3B). These data indi
cate that the treatment specifically modulates the tumor 
lymphocytes including T and NK cells.

FACS analysis of Ki67+ cell in T and NK cells showed 
that expression of this proliferation marker was not changed 
by iCRT14 (Figure 1h), indicating that the increased ratios of 
these cells in the tumors were likely due to an enhanced 
infiltration rather than increased proliferation. In addition, 
iCRT14 did not affect the expression of antitumor factors 
granzyme B (Gzmb) and interferon (IFN)-γ in CD8+ T 
or NK cells (Figure 1i). These results demonstrate that β- 
catenin blockade shapes tumor immune microenvironment 
mainly through regulation of the T infiltration but not the 
proliferation or function of T cells.

Next, we explored the effect of iCRT14 on tumor immune 
microenvironment in another syngeneic model of MC38 
overexpressing the constitutively active S33Y. β-catenin 
(MC38-S33Y.β-cat). As shown by immunofluorescence, sig
nificantly more CD4+ T, CD8+ T and NK cells infiltrated the 
tumors upon iCRT14 treatment (Figure 2a-c). In accordance 
with observations in the CT26 model (Figure 1), β-catenin 
/TCF inhibition was able to turn the Wnt-signaling-active 
tumors into a T/NK-cell-inflamed phenotype.

β-Catenin inhibition upregulates the expression of CXCR3 
chemokines in colorectal tumor cells

Since it had been well established that CXCR3 chemokines 
CXCL9/10/11 were crucial for tumor infiltration of T and NK 
cells, 7–9 we then examined whether these chemokines were 
changed by β-catenin blockade. In iCRT14-treated CT26 
tumors, there was an increase in the mRNA expression of 
Cxcl9, 10 and 11 (Figure 3a). To verify whether the enhanced 
chemokine expression was tumor cell intrinsic, CT26 cells 
were treated with iCRT14 in vitro and they subsequently 
showed an upregulation of these chemokines too (Figure 
3b), suggesting that β-catenin inhibition directly regulated 
their expression in tumor cells. In consistence with the 
change in mRNA expression, secretion of CXCL10 proteins 
into the medium was also elevated by iCRT14 (Figure 3c). On 
the contrary, overexpression of the constitutively active 
mutant S33Y.β-catenin downregulated the expression of 
these CXCR3 chemokines in both CT26 and MC38 cells 
(Figure 3d,e). In MC38-S33Y.β-cat cells, iCRT14 restored 
the expression of all three chemokines (Figure 2f). In 
human colorectal cancer cell lines HCT116 and SW480 with 
mutations in APC and/or CTNNB1, 20 at least two of the 
CXCR3 chemokines were significantly upregulated by 
iCRT14 treatment (Figure 3g). These data point out that β- 
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catenin inhibition-induced CXCR3 chemokine upregulation 
may contribute to the tumor infiltration of T and NK cells.

iCRT4 synergies with tumor vaccine and Treg cell-targeted 
immunotherapy

Given the findings that iCRT14 treatment potently enhanced 
tumor infiltration of T and NK cells, we hypothesized that β- 
catenin inhibition would potentiate the efficacy of other immu
notherapies. To test this hypothesis, ovalbumin (OVA) was 
overexpressed in CT26 cells as tumor-specific antigens to 
establish the subcutaneous model of CT26-OVA that was 
potentially suitable for vaccine therapy using OVA protein 
plus poly(I:C) (Figure 4a). Monotherapy with iCRT14 or 

tumor vaccine alone only moderately but not significantly 
reduced tumor growth (Figure 4b). However, the combination 

Figure 1. β-Catenin inhibition induces lymphocyte infiltration in CT26 tumors. 
Mice bearing CT26 tumors were treated with iCRT14 or vehicle every other day for 
12 d. FACS was performed to analyze tumor-infiltrating immune cells. (a) 
Percentage of CD45+ cells in total live cells. (b) Percentage of CD8+ T cells 
(CD45+CD3+CD8+) in CD45+ cells. (c) Percentage of conventional CD4+ T cells 
(CD45+CD3+CD4+Foxp3−) in CD45+ cells. (d) Percentage of NK cells 
(CD45+NKp46+CD3−) in CD45+ cells and total live cells. (e) Percentage of Treg 
cells (CD45+CD3+CD4+CD25+Foxp3+) in CD45+ cells. (f) Ratios of CD8+ T to Treg 
cells, and conventional CD4+ T to Treg cells. (g) Percentages of macrophages (MΦ) 
(M1: CD45+CD11b+F4/80+ CD206lowMHC-IIhigh; M2: CD45+CD11b+F4/80+CD206
highMHC-IIlow) and MDSCs (CD45+CD11b+Gr-1+CD11c−MHC-II−/low) in total live 
cells. (h) Percentages of Ki67+ cells in CD8+ T, conventional CD4+ T, NK and 
Treg cells. (i) Percentages of Granzyme B+ (Gzmb+) and IFN-γ+ cells in CD8+ T and 
NK cells. * P < .05, n.s. = not significant.

Figure 2. β-Catenin blockade induces lymphocyte infiltration in MC38-S33Y.β-cat 
tumors. Mice bearing MC38-S33Y.β-cat tumors were treated with iCRT14 or 
vehicle every other day for 12 d. Immunofluorescence was performed to analyze 
tumor-infiltrating CD4+ T (by CD4 staining) (a), CD8+ T (by CD8 staining) (b), and 
NK cells (by NKp46 staining) (c). Total cell number was counted by nucleus 
staining (DAPI). Scale bar = 100 µm. ** P < .01, *** P < .001.

Figure 3. β-Catenin inhibition upregulates the expression of CXCR3 chemokines in 
colorectal tumor cells. (a) qPCR analysis of chemokine mRNA expression in CT26 
tumors of iCRT4- or vehicle-treated mice. n = 4. (b) qPCR analysis of chemokine 
mRNA expression in CT26 cells treated with iCRT14 or vehicle in vitro. n = 4. (c) 
Quantification of CXCL10 proteins in the media of CT26 cell culture by ELISA. 
n = 3. (d-e) CT26 (d) or MC38 (e) were transduced with lentivirus containing S33Y. 
β-catenin or empty vector. Expression of β-catenin protein and chemokine mRNA 
expression was measured by Western blot and qPCR respectively. n = 4. (f) MC38- 
S33Y.β-cat cells was treated with iCRT14 or vehicle. Chemokine mRNA expression 
was analyzed by qPCR. n = 4. (g) qPCR analysis of chemokine mRNA expression in 
HCT16 and SW480 cell lines treated with iCRT14 or vehicle in vitro. n = 4. * P < .05, 
** P < .01, *** P < .001, **** P < .0001.
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of iCRT14 and vaccine completely inhibited the tumor growth 
(Figure 4b), demonstrating a synergistic effect of these two 
monotherapies.

As there was an influx of Treg cells into the tumors 
which accompanied the infiltration of other effect T cells 
upon iCRT14 treatment, this provoked us to explore if β- 
catenin inhibition would synergize with Treg cell-targeted 
therapy. We established a syngeneic model of MC38-S33Y. 
β-cat cells in DEREG (Foxp3-DTR) mice in which Foxp3+ 

Treg cell could be depleted by DT administration (Figure 
5a).21 Monotherapy of iCRT14 or DT-mediated Treg abla
tion both significantly suppressed MC38-S33Y.β-cat tumor 
growth while the combination therapy eventually comple
tely eradicated the tumors (Figure 5b). In wild-type mice, 

DT treatment did not change MC38-S33Y.β-cat tumor 
growth or tumor-infiltrating T cells (Supplemental. S4), 
excluding any unspecific effects of DT on tumor or immune 
cells. These results confirm the synergistic effect of β- 
catenin inhibition by iCRT14 with other immunotherapy 
for colorectal cancer.

Discussion

The oncogenic role of Wnt/β-catenin pathway has been exten
sively studied during the past two decades. However, most 
research focused on its effect on tumor cell proliferation and 
apoptosis, until recently an immunomodulatory function of 
Wnt/β-catenin signaling has drawn an increasing 
attention.11,22-24 Wnt/β-catenin pathway activation counter
acts the antitumor immunity via various mechanisms such as 
tumor exclusion of DCs, 11 downregulation of tumor cell sur
face innate immune sensors and suppression of DC 
maturation.23 Here, by examining the tumor immune micro
environment upon treatment of β-catenin/TCF inhibitor 
iCRT14, we uncovered a novel mechanism that β-catenin inhi
bition enhanced tumor infiltration of T and NK cells via 
upregulation of tumor cell-intrinsic expression of CXCR3 che
mokines. These findings also contribute to the explanations for 
the correlation of active Wnt/β-catenin signaling with T cell 
exclusion observed in the tumor samples of colorectal cancer 
patients.12

In the syngeneic model of colorectal cancer, β-catenin inhi
bition has only an impact on the infiltration of T and NK cells, 
but not the proliferation or antitumor factor expression of 
cytotoxic T cells. Therefore, the effects of β-catenin inhibition 
on colorectal tumor immune microenvironment largely rely on 
the regulation of lymphocyte migration, which was also sup
ported by the upregulation of CXCR3 chemokine expression. 
By overexpression of S33Y.β-catenin or treatment with the 
inhibitor iCRT14, a clear suppressive effect of β-catenin activa
tion on the expression of these T/NK cell-recruiting chemo
kines has been demonstrated, although the in-depth molecular 
mechanism remains to be investigated in the future. It provides 
a direct control of the T-cell-excluded phenotype by the Wnt/ 
β-catenin pathway, rather than indirect regulation through 
other immune cells such as DCs that might further attract 
T cells. Of note, in colorectal tumors iCRT14 treatment did 
not influence the infiltration of most other myeloid popula
tions, especially CD103+ DCs that were shown to be excluded 
by Wnt-active melanoma.11 Such discrepancy is presumably 
due to cell/tumor context-dependent mechanisms as Wnt tar
get genes are quite variable in different cell types.

Since T cell exclusion is one of the major hurdles for 
immunotherapy of solid tumors, the most important clinical 
implication of our study is that β-catenin blockade drastically 
promotes T cell infiltration and the efficacy of other immu
notherapeutic strategies. This finding broadens not only the 
applicability of various immunotherapies such as tumor vac
cines and Treg cell-targeted antibodies but also the use of Wnt/ 
β-catenin inhibitors. Although lots of inhibitors for Wnt path
way have been developed, their clinical applications have not 
been very successful.25 Given the fact that a substantial propor
tion of colorectal cancer patients show aberrantly activated 

Figure 4. iCRT14 synergizes with vaccine therapy for tumor control. (a) Scheme of 
tumor vaccine and iCRT14 treatments. (b) Tumor growth of CT26-OVA tumors 
upon tumor vaccine, iCRT14 or combination treatments. n = 5/group. **** 
P < .0001.

Figure 5. iCRT14 synergizes with Treg cell ablation to eradicate colorectal tumors. 
(a) Scheme of DT and iCRT14 treatments. (b) Tumor growth of MC38-S33Y.β-cat 
tumors in DEREG mice upon tumor vaccine, iCRT14 or combination treatments. 
n = 6/group. ** P < .01, **** P < .0001.
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canonical Wnt signaling, inhibitors targeting β-catenin and the 
transcriptional complex may exhibit better clinical outcomes 
than inhibitors for the upstream components. In addition to its 
effect on T/NK cell infiltration, the direct impact of β-catenin 
inhibitor on the differentiation, maturation and function of 
immune cells still needs to be clarified. Nevertheless, our 
study provides a rationale that the combination of β-catenin 
inhibitor and immunotherapy will result in a synergistic effect 
for the treatment of colorectal cancer.

Materials and methods

Cell lines

Mouse colorectal cancer cell line CT26 was from the Cell 
Bank of Chinese Academy of Sciences (Shanghai, China). 
Human colon cancer cell lines HCT116 and SW480 were 
purchased from the American Type Culture Collection 
(ATCC). Mouse colorectal cancer cell line MC38 was a kind 
gift from the laboratory of Dr Yan Zhang (Shanghai Jiao 
Tong University, China). CT26 cells were cultured in RPMI. 
MC38, HCT116 and SW480 cells were cultured in DMEM. 
Basic media were supplemented with 10% fetal bovine serum 
(FBS) and 1% penicillin/streptomycin. Authentication of 
these cell lines was performed by Shanghai Biowing Applied 
Biotechnology Co. Ltd. using the short tandem repeat genetic 
analysis. CT2-OVA and MC38-S33Y.β-cat cells were gener
ated by transduction of wild-type cell lines with lentiviruses 
expressing chicken ovalbumin or mouse S33Y.β-catenin, 
respectively. All cell lines were cultured for no more than 
2–3 weeks after thawing and routinely checked for myco
plasma infection.

Reagents and antibodies

iCRT14 was purchased from BOC Sciences. LY20900314 and 
XAV939 were from Selleck. The antibodies used for Western 
blotting were anti-β-catenin and anti-GAPDH (Abcam). 
Antibodies for flow cytometry analysis were purchased from 
BioLegend, eBioscience or BD Biosciences.

Cell proliferation assay

The CT26 and HCT116 cell lines were cultured in 96-well plate 
and treated with iCRT14 or XAV939. Numbers of viable cells 
were quantified using Cell Counting Kit-8 (CCK-8) (Dojindo, 
Japan).

Wnt/β-catenin pathway reporter assays

Wnt/β-catenin pathway reporter construct M50 Super 8X 
TOPflash (Addgene plasmid #12456) or its mutant control 
M51 Super 8X FOPflash (Addgene plasmid #12457) were 
kind gifts from Randall Moon.26 Transient plasmid transfec
tion in 293 T cells was performed using jetPRIME transfection 
reagent (Polyplus Transfection). Transfection efficiency was 
normalized by co-transfection with a pRL-CMV reporter con
taining Renilla luciferase gene. Luciferase activity was mea
sured using the Dual-Glo luciferase assay system (Promega).

To analyze Wnt/β-catenin pathway activity in CT26 and 
MC38 cells, the Wnt responsive element and mutant control 
sequences were cloned in front of the ZsGreen gene in 
a lentiviral vector from Super 8X TOPflash or FOPflash plas
mid, respectively. Wnt/β-catenin activity was calculated as 
mean fluorescence intensity (MFI) of ZsGreen normalized to 
that of SV40 promoter-driven mCherry in the same 
lentivector.

Syngeneic tumor models and treatments

Seven- to eight-week-old female BABL/c mice were injected 
with a single cell suspension of 0.5 × 106 CT26 or CT26-OVA 
per mouse subcutaneously on the right flank. MC38-S33Y.β- 
cat cells (1 × 106/mouse) were subcutaneously injected to 
DEREG (Foxp3-DTR/EGFP) mice (MMRRC Stock No: 32050- 
JAX). When the average tumor size reached around 100 mm3, 
mice received intraperitoneal (i.p.) injections of iCRT14 at 
a dose of 80 mg/kg every other day. iCRT14 was freshly 
dissolved in 20% DMSO, 40% PEG, 10% Tween 80 and 30% 
saline before i.p. injection. For tumor vaccine treatment, mice 
with CT26-OVA tumors were given i.p. injections of 100 µg 
OVA protein and 100 µg poly(I:C) (Sigma-Aldrich). To deplete 
Treg cells, diphtheria toxin (DT) (Merck) was administered i.p. 
at a dose of 15 µg/kg of body weight every 4 d to DEREG mice. 
Tumor size was measured using a caliper to determine the 
diameter and tumor volume was calculated as the formula: 
0.5×length×width2 (length was the longer dimension). All ani
mal procedures were approved by the Institutional Animal 
Care and Use Committee (IACUC) and the Bioethics 
Committee of School of Biomedical Engineering, Shanghai 
Jiao Tong University, Shanghai, China.

Flow cytometry

Subcutaneous tumors were dissected and dissociated into sin
gle-cell suspension using mouse tumor dissociation kit 
(Miltenyi Biotec). The cell suspension was incubated with 
Zombie Dyes (BioLegend) to exclude dead cells and then 
stained with antibodies for cell surface markers. For staining 
of cytoplasmic proteins, the mice were i.p. injected with 250 µg 
brefeldin A (BFA) (Selleck) 4 h before euthanasia. Cytoplasmic 
staining was performed using Cyto-Fast™ Fix/Perm Buffer Set 
(BioLegend). Nuclear proteins were stained using the Foxp3/ 
Transcription Factor Staining Buffer Set (eBioscience). 
Fluorescence data were collected on a BD LSRFortessa cell 
analyzer (BD Biosciences) and analyzed using FlowJo software.

Immunofluorescence

Subcutaneous tumor samples were cut into 5-µm sections. 
Immunofluorescent staining of tumor sections was performed 
using anti-CD4 [clone RM4-5], anti-CD8a [clone 53–6.7] and 
anti-NKp46 [clone 29A1.4] antibodies (BioLegend). Slides 
were mounted in anti-fade mounting medium with DAPI 
(ThermoFisher Scientific) and visualized under a Zeiss fluor
escence microscope.
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Quantitative PCR (qPCR)

RNA was isolated using the RNeasy Mini kit (Qiagen). The 
reverse transcription was conducted using the PrimeScript RT 
Reagent Kit (Takara). qPCR reaction was carried out using 
SYBR Green PCR Master Mix Kit (Takara) and ABI 7900HT 
Fast Real-Time PCR System (Applied Biosystems). Relative 
mRNA expression level was calculated by the 2−ΔΔ CT method 
and GAPDH was used as internal control.

ELISA

CT26 cell line was cultured treated with 25 μM iCRT14 for 24 h 
before cell culture supernatant was collected. CXCL10 concen
tration was measured using mouse CXCL10 ELISA kit (R&D 
Systems) according to the manufacturer’s instruction.

Western blot

Cell lysates were collected using RIPA buffer (ThermoFisher 
Scientific) supplemented with protease inhibitor cocktail 
(Roche).Protein concentration was determined using Pierce 
BCA Protein Assay Kit (ThermoFisher Scientific). Proteins 
(15 to 25 μg) were applied to 10% SDS-PAGE and transferred 
to PVDF membranes (Millipore). Images were developed using 
a chemiluminescent HRP substrate (Millipore).

Statistics

All data were represented as mean ± SEM. Statistical analysis 
was performed using GraphPad Prism. Two-way ANOVA was 
used to analyze tumor volumes, and two-tailed Student’s t-test 
was used to determine the significance of all the other assays. 
P < .05 was considered statistically significant.
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