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Blockade of IL-6 inhibits tumor immune evasion and
improves anti–PD-1 immunotherapy
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Abstract
Background

Long-standing in�ammatory bowel disease predisposes to the development of colorectal cancer (CRC).
Interleukin (IL) -6, a pivotal link between chronic in�ammation and tumor progression, has recently been
recognized as a potential target. The effect of IL-6 on proliferation and metastasis of CRC by activating
STAT3 pathway has been widely demonstrated in recent years, but few on mediating tumor immune
evasion has been reported.

Methods

In this study, we analyzed IL-6 gene expression in human CRC tissues and carried out survival probability
in CRC patients with TCGA Data portal and GEO Database. We studied CRC tumorigenesis in vivo by
inoculating MC38 tumors and induced-CRC model via AOM/DSS azoxymethan / dextran sulfate
sodium in (IL-6 de�cient) IL-6-/- and (wild type) WT mice. We measured tumor growth and detected CD8+

T cells via immuno�uorescence, we validated the function of IL-6 in tumorigenesis and tumor immune
evasion in subcutaneous transplantation models. Using endoscopy monitoring and immuno�uorescence,
we validated the function of IL-6 in tumor immune evasion in AOM/DSS models. We conducted colitis
model with DSS reveal the relationship of IL-6 and MHC-1 molecules by qRT-PCR and bioinformatics
analysis. Organoid and CRC cells culture, western blot analysis, and qRT-PCR were used to investigate the
expression and signi�cance of MHC-1 molecules in vitro without IL-6 stimulation. MHC-1 molecules levels
were also detected in tumors of IL-6-/- and WT mice from MC38-bearing tumor models and AOM/DSS
models. Subcutaneous MC38 implantation models in C57BL/6 J mice were established to investigate
anti-IL-6 therapy on CRC tumorigenesis. In vivo e�cacy were conducted using antibodies blocking IL-6
and PD-1 in mice subcutaneous-bearing different types of tumors.

Results

Bio-information analysis and results of our center founded that IL-6 was remarkably overexpressed in
CRC and its elevation was associated with poor prognosis. We observed that IL-6-/- mice were less
susceptible to develop tumors, compared to (wild type) WT mice. Interestingly, in�ltrated CD8+ T cells
were found to exhibit high expression in tumor of IL-6-/- mice. High level of IL-6 was found in colitis
model, with down-regulation of MHC-1molecules. Moreover, in vitro experiments, we found that IL-6 may
act as a negative regulator in IFNγ-STAT1-MHC-1 signaling. In addition, vivo trials also con�rmed that
MHC-1 mRNA levels are negatively related to the existence of IL-6. Furthermore, blockade of IL-6 also
activated CD8+ T-cell accumulation and led to the high PDL-1 expression in CRC, which can sensitize
animals to anti-PD-1 therapy. Importantly, compared to treatment with anti-IL-6 alone and single
treatment of anti-PD-1, combined IL-6 and PD-1 blockade greatly improved the therapeutic effect, not only
in CRC but also melanoma and breast cancer.

Conclusions  
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Our study demonstrated that IL-6 act as a negative regulator in immunological surveillance to promote
tumor immune evasion by inhibiting the response of cell to IFNγ. Blocking IL-6 enhanced tumor response
to anti-PD-1 therapy via in�ltration of CD8+ T cell and high expression of PDL-1. Based on the �ndings of
our study, IL-6 is a novel target to improve the e�cacy of immunotherapy.

Background
Colorectal carcinoma (CRC) is one of the most common lethal malignancies and the third most prevalent
cancer worldwide [1, 2]. Patients with long-standing and poorly controlled in�ammatory bowel disease
(IBD), such as ulcerative colitis (UC), predispose to CRC than in the general population [3–5]. IBD
increases CRC risk and accelerates progression of it. The tumor-promoting effect of chronic in�ammation
has been generally acknowledged [6]. However, the molecular links between IBD and CRC remain obscure
despite their great pathogenic signi�cance [7, 8]. To investigate the location and pathologic appearance
of human colitis-associated cancer, have been widely used in the identi�cation of various mechanisms of
tumorigenesis [9]. Blocking programmed cell death 1 (PD1) /PD1 ligand 1 (PD-L1) is a strategy to treat a
subset of CRC [10–12], such as the microsatellite instability-high (MSI-H) tumors [13, 14]. However,
microsatellite stability (MSS) CRC lack of CD8+ T cells in�ltration, have been regarded as immune
resistance and ineffective to PD-1 /PDL-1 antibodies [15–17]. It is well documented that strong
correlations between the number or type of tumor-in�ltrating CD8+ T cells and favorable outcomes [18,
19]. In addition, PD-1 /PDL-1 antibodies are breakthroughs for many cancers, including melanoma [20].
However, many cancers like triple negative breast cancers are resistance of the treatment of anti-PD-
1/PDL-1 [21]. Thus, developing more available treatments to strengthen the effect of anti-PD-1 /PDL-1
antibodies is extremely urgent, but much less intensive studies have been applied to clinic.

Proin�ammatory cytokines play critical roles in almost every stage of tumorigenesis, from initiation and
tumor promotion to malignant progression and metastatic spread [5]. IL-6 acts as an indispensable
coordinator between chronic in�ammation and cancer, where they often plays a crucial role in disease
activity and response to therapy [22–24]. High expression of IL-6 are always observed in chronic
in�ammatory conditions, such as In�ammatory bowel disease [22, 25]. It has been con�rmed that high
expression of IL-6 in the serum of patients correlated with colon carcinoma and tumor size [26–28].
Elevated levels of IL-6 stimulate hyper activation of STAT3 signaling, which is a major intrinsic pathway
for in�ammation-related cancer [29, 30]. IL-6/GP130/STAT3 signaling are well known for its role in tumor
cell proliferation, survival, and invasion [29, 31].STAT1 and STAT3, competing for the same receptor
phosphotyrosine motif, are proteins having similar structure, but they have extremely opposing biological
effects on cell growth and survival [32–34]. STAT3 is considered as an oncogene, while activated STAT1
triggers immune surveillance via upregulating the expression of MHC-1 molecules in tumor cells [35–39].
However, it is rarely reported about IL-6 on mediating tumor immune evasion.

Materials And Methods
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Patients and samples
This study was approved by the Ethics Committee of Nanfang Hospital (Guangzhou, China). Fresh  tissue
samples were collected from Department of Pathology, Nanfang Hospital. All patients given informed
consents. None of these patients received chemotherapy or radiotherapy before operation. 

Cell culture
Murine CRC cell lines (MC38, CT26), murine melanoma cell lines (B16F10) and murine breast cancer cell
line (4T1) were kindly gifted by W. Yang of Southern Medical University. All cell lines were cultured in
DMEM medium with 10% fetal bovine serum (Gibco), containing at 37 °C, in the atmosphere of 5% CO2. In
addition, mycoplasma contamination was detected via PCR technique. 

Crypt isolation and organoid culture
Mouse intestinal crypts were dissociated and cultured according to the protocols of Hans Clever [40]. We
made a few modi�cations in isolation. Isolated small intestines from C57BL/6 mice were opened
longitudinally, and rinsed with cold phosphate-buffered saline (PBS) until without any visible debris. The
tissue was cut into 5 mm pieces and was collected in a 50 ml conical centrifuge tube containing 30 mL
shaking buffer (1 unit/ml of penicillin, 1 μg/ml of streptomycin, and 2.5 ng/ml of amphotericin B in PBS).
The tube was swung on a tube rotator (QB-208, Kylin-Bell) at 80 rpm for 10 min (4°C). Discarded
supernatant, segments were rinsed with 5 ml cold shaking buffer. Repeated the previous steps.
Intestinal segments were changed to 30 ml EDTA chelation buffer (15 mM EDTA in shaking buffer),
shaken on a tube rotator for 30 min, and then shocked vigorously for 30 sec on VORTEX-5 (Kylin-Bell).
The supernatant with villous debris was discarded; the sediment was resuspended with shaking buffer
and 2 min oscillated shakily. Dissociated intestinal crypts were �ltered through 70 mm strainers.
Collected supernatant were rotated at 200 g for 10 min at 4°C to collect
intestinal crypts. Sedimentation were resuspended in intestinal organoid growth medium, counted, and
embedded in Matrigel (growth factor reduced, phenol red free; BD Biosciences) on ice, and planted 50
μl/well in 24-well plates (100 crypts / well) for 30 minutes at 37°C, and overlaid with 500 ul intestinal
organoid growth medium. Intestinal organoid growth medium, also called ENR culture medium, it
contains DMEM/F12(Invitrogen), 2 mM Glutamax, 10 mM HEPES, 100 U/ml penicillin, 100 μg/mL
streptomycin (Invitrogen), 1 mM N-acetyl cysteine (Sigma), B27 supplement (Invitrogen), N2 supplement
(Invitrogen), 50 ng/ml mouse EGF (Peprotech), 100 ng/ml mouse Noggin (Peprotech) and 100 ng/mL R-
spondin-1 (R&D Systems) or 10% human R-spondin-1-conditioned medium from R-spondin-1-transfected
HEK 293T cells). 

Hematoxylin eosin & Immuno�uorescence staining
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The �xed colon tissue was rolled into a so-called “Swiss roll” and dehydrated. A thickness of 2.5 μm
Para�n-embedded sections were obtained and stained with H&E solution. For immuno�uorescence
staining, frozen colonic tissues and subcutaneous tumors were used to obtain 5 μm sections for
subsequent staining. Frozen sections were incubated with anti-CD8 (1:200, #100716, Biolegend) and
PDL-1(1:50, #13684S, Cell Signaling Technology). Followed by secondary antibodies and �uorescent
reagents goat anti-rat IgG with �uorescein-Cy3 (Perkin Elmer). Nucleus were highlighted using DAPI.
Positive expression was evaluated under inverted confocal microscope (LSM880, Olympus). 

Total RNA extraction and real-time quantitative PCR
Total RNA of scraped colonic mucosa or cultured organoid/ cells were isolated from Trizol reagent
(TaKaRa, Dalian China) following manufacturer's instruction. cDNA synthesis was performed according
to the instruction of PrimeScript™ RT reagent Kit (TaKaRa, Dalian China). qRT-PCR was carried out using
SYBR Premix Ex Taq™ II (TaKaRa, Dalian China) and 7500-fast instrument (Applied BioSystems). Data
were normalized to the mean Ct values of housekeeping gene GAPDH and presented as 2-ΔΔCt.  

Immunoblot analysis 
Cultured cells or organoids were lysed with SDS lysis buffer (KeyGEN, Jiangsu, China). Equal amounts of
protein extracts were separated by electrophoresis in 10%SDS-PAGE gel and then transferred to PVDF
membrane (Merck Millipore, MA, US). After 5% fully Skimmed milk blocking, the PVDF membrane were
incubated with the primary antibody anti-GAPDH (1:1000, #60004-1-Ig, Proteintech), anti-Phospho-
STAT3(1:300, #9145S, Cell Signaling Technology), anti-STAT3 (1:100, #124H6, Cell Signaling
Technology), anti-Phospho-STAT1 (1:100, #9167S, Cell Signaling Technology), anti-STAT1 (1:500,
#9172S, Cell Signaling Technology) and anti-IRF1 (1:500, #8478S, Cell Signaling Technology). Signals
were detected using horseradish peroxidase (HRP)-conjugated secondary antibodies and Super Signal
West Femto Chemiluminescent Substrate (34096, Thermo Fisher Scienti�c). Images were captured and
analyzed using the Image Lab Software (Tanon 5200). 

Mice
Female and male C57BL/6, BAL b/c (Guangdong Medical Laboratory Animal Center) and IL-6-/- mice
(Jackson) were used at 8–12 weeks of age. Mice were housed in pathogen free environments and were
allowed for free access to water and food. Animal related research protocols were conformed to the U.S.
Public Health Service Policy on Use of Laboratory Animals. All treatments described were approved by the
Ethics Committee on Use and Care of Animals of Southern Medical University.  

AOM/DSS models
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Chemically-induced colorectal cancer model was achieved by a single intraperitoneal injection of 10 mg/
kg azoxymethane (AOM, Sigma-Aldrich,) followed by addition of dextran sulfate sodium salt (DSS MP
Biomedical, M.W. 36,000-50,000 kDa) to the drinking water at a concentration of 2.5% for 5 days (�rst
DSS cycle). This was followed by 10 days of regular sterile water for recovery, and this DSS cycle was
repeated twice. The mice were sacri�ced by cervical dislocation on day 100 and the colons were
removed. 

Colitis models
For colitis induction, mice were supplied with 2% of DSS dissolved in distilled drinking water for 5 days,
followed by 5 days of regular drinking water, and sacri�ced for colon tissue on day 21. Histopathological
analyses and PR-PCR were performed according to standard methods. 

Subcutaneous tumor models
MC38 cells (1×106) suspended in 200 µl PBS were injected respectively subcutaneously into the right
hind limb of 8-12 week male wild type (WT) C57BL/6 mice and IL-6-/- mice (n = 6 each group). 

MC38 cells (1×106), CT26 cells (1×106), B16F10 (5×105) cell and 4T1 (1×106) were resuspended in 200 µl
PBS and implanted subcutaneously into the �ank of 8-12 week male C57BL/6 mice for MC38 and
B16F10 and BALB/c for CT26 and 4T1 (n = 8 each group). 

Tumor size was measured every day with a Vernier caliper, and tumor volume was counted as 0.5×L×W2

(cm3; L stands for length and W for the width of the tumor). 

Mice were killed at indicated days after injection. Tumors were detached, measured and recorded. Each
tumor divided into two part. One part was made into frozen section for further immuno�uorescence
assessment and other was �xed with formalin and embedded in para�n for HE. 

Treatment of mice with anti-IL-6 and anti-PD-1
Treatment with IL-6 antibodies (#BE0046, BioXcell) or/and PD-1 antibodies (#BE0146, BioXcell) was
started when the tumor volume in mice reached 100 mm3, while the control group injected isotype
(BE0089, BioXcell ). The treatments were administered by intraperitoneal injection, 100 μg per mouse
every three day until sacri�ce. 

Endoscopic observation 
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Mice were anesthetized by inhaling 1.5 % iso�urane (RWD Life Science Co, Ltd, Shenzhen, China). Optical
colonoscopy was performed using a Karl Storz (Tuttlingen, Germany) Image 1 HD Camera System. After
AOM/DSS induction or DSS-induced model, colitis or tumor were monitor and scored by endoscopy as
described previously. 

Statistical analysis
Data were all summarized with mean ± standard error of mean (SEM) unless stated otherwise. The
unpaired two-tail student’s t-test was used for experiments where two means were compared, unless
indicated. For three or more groups with two parameters, one-way or two-way analysis of variance
(ANOVA) was used. Datasets used for IL-6 expression paired comparison and survival analysis in R
(version 4.0.3) were downloaded from The Cancer Genome Atlas (TCGA) and Gene Expression Omnibus
(GSE20916, GSE17538, and GSE41258). Survival analysis was performed using “survminer” package. In
brief, “surv_cutpoint” function to �nd optimal cutpoint and log-rank P value based on IL-6 expression, and
“surv�t” function was used to �t overall survival time and status. Statistical analyses were performed
using GraphPad Prism software 5.0 (CA, US) and SPSS software (Version 22.0, IL, US).

Results

Up-regulated IL-6 expression is tightly associated with
worse prognosis of CRC.
To understanding the role of IL-6 in CRC, we analyzed the expression of IL-6 in GEO database (GSE20916)
and in TCGA paired-CRC tissues. High level of IL-6 was detected in cancer tissues compared with normal
tissues (Fig. 1A & B). Data from our center con�rmed that IL-6 was remarkably overexpressed in CRC.
Furthermore, higher IL-6 expression was signi�cantly associated with a shorter overall survival (OS) of
CRC patients in our center (Fig. 1D). In addition, using GSE17538 dataset, optimal survival cut-off was
found based on Log-Rank p value (Fig. 1E & F), and higher IL-6 indicated unfavorable prognosis in CRC
patients (Fig. 1G). Similar results were obtained in GSE41258 data set (Fig. H-J). Overall, these results
implied that IL-6 might act as a pro-tumor factor of CRC and high expression was indeed associated with
worse prognosis. 

De�ciency of IL-6 in the mice suppresses
tumorigenesis and improves accumulation
of CD8+ T cells in vivo
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To examine the signi�cance of IL-6 in tumorigenesis, we used a previously established murine colon
carcinoma model based on the mutagenic agent azoxymethan (AOM) and dextran sulfate sodium (DSS)
on IL-6-/- mice or WT littermates. Colon tumorigenesis was chemically induced by a single injection of
azoxymethane (AOM) followed by three 7-day cycles of dextran sodium sulfate (DSS) to create a chronic
in�ammatory state (Fig. 2A). Next, we monitored tumor development longitudinally by small animal
colonoscopy. After 86-day AOM/DSS treatment, less and smaller tumors in the colons of IL-6-/- mice were
observed, compared to WT mice (Fig. 2B). By gross observed, IL-6-/- mice had less tumors distributed
from the distal end of the medial part of the colon (Fig. 2C). Tumors occurred more infrequently and
tumor loads were more minor in IL-6-/- mice than in WT mice (Fig. 2D&E). We then conducted
immuno�uorescent analyses to detect CD8+ T cells in�ltrating in colon malignant tissues (Fig. 2F).
Interestingly, the number of In�ltrated CD8+ T cells in tumors were higher in tumor tissues of IL-6-/- mice
than in those of WT mice (Fig. 2G). To further con�rm the lack of IL-6 in the mice suppresses
tumorigenesis, murine MC38 colorectal cancer cells were intradermal injected into WT and IL-6-/- mice.
Tumor size and weight were notably reduced in IL-6-/- mice compared with WT mice (Fig. 2H-J). We
further investigated the CD8+ T cells in�ltrating into tumor tissues in WT and IL-6-/- mice. As a result, CD8+

T cells were accumulated in tumor environments of IL-6-/- mice compared with WT mice (Fig. 2K & L).
These data provide evidence that bare of IL-6 protects against tumorigenesis and facilitate introduction
of CD8+ T cells in�ltrating into the tumor. 

IL-6 produced in vivo suppress the expression of MHC-1
molecules 
Using GSE9281 dataset, we observed that the expression of IL-6 �rst increased and then decreased in
colitis rats (Fig. 3A). MHC-1 molecules of rats, such as RT1-A2 and RT1-S3 showed the opposite
trend (Fig. 3B & C). To further explore the potential role of between IL-6 and MHC-1, WT mice were
orally treated with 5-day 2%DSS (Fig. 3D). After induction of colitis, colitis severity was scored and
monitored on day 0, 1,5,9,11,21 by small animal colonoscopy. We found that, the severity of colitis was
greatest on day 7-9 and then shown gradual improvement (Fig. 3E & F). In addition, the bowels were
resected from DSS-treated WT mice on different days and subjected to macroscopic and
histopathological in�ammation score. The severity of colitis was greatest on day 7 and then recovered
gradually (Fig. 3G). The gross appearance of the organs from DSS-treated WT mice showed
apparent shortening of the colon tissue, especially day 7 (Fig. 3H & I). Consistent with these �ndings are
the results obtained by HE staining, which demonstrated that the WT animals drinking DSS water showed
obvious manifestations of in�ammatory colitis, especially day 7-9, including crypt epithelial cell
apoptosis, mucosal erosions, ulcers, and in�ammatory cell in�ltration (Fig. 3J). The colonic mucosa was
collected from DSS-fed mice every other day until day21 for QPCR. In the occurrence of colitis, IL-
6 was �rst increased until day 7 and then decreased in the WT colon (Fig. 3K). Interestingly, the

https://www.cell.com/cell-reports/fulltext/S2211-1247(17)30722-2#fig4
https://www.cell.com/cell-reports/fulltext/S2211-1247(17)30722-2#fig4
https://www.cell.com/cell-reports/fulltext/S2211-1247(17)30722-2#fig4
https://www.cell.com/cell-reports/fulltext/S2211-1247(17)30722-2#fig4
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expression of MHC-1 molecules H2-D1 and H2-K1 showed a totally different variation trend (Fig. 3L &
3M). Together, these data con�rm a negative relationship between IL-6 and MHC-1 molecules. 

IL-6 de�ciency induced the high expression of MHC-
1 in vitro and in vivo
It is well documented that STAT3 can antagonize STAT1 in apoptosis , angiogenic, and metastatic of
tumor[32, 33]. Using interferon-gamma (IFNγ) stimulate, more STAT1 phosphorylation increases the
activation of CD8+ T cell-mediated anti-tumor responses [34, 38]. To this end, we further explored the
possibility that IL-6 effects the expression of MHC-1 molecules via JAK/STAT3 signaling pathway.

We derived small intestinal crypt from WT mice and added IFNγ and IL-6 together or respectively with
different concentration (Fig. 4A). Next, we examined the changes of signaling by western blotting. With
the existence of IL-6, the level of STAT3 phosphorylation increased, while IFNγ induced STAT1
phosphorylation and IRF1 upregulation was inhibited signi�cantly (Fig. 4B). IL-6 also remarkably
decreased the mRNA expression of MHC-1 molecules induced by IFNγ in small intestinal crypt-derived
organoids, including H2-D1 and H2-K1 (Fig. 4C). Furthermore, CT26 cells were also cultured and
examined the changes of these signaling. The similar results were observed in the CT26 cell model.
Adding IL-6, STAT3 phosphorylation was upregulated and the IFNγ-STAT1 pathway was downregulated
by immunoblot analysis (Fig. 4D). Meanwhile, the addition of IL-6 decreased the IFNγ-induced MHC-
1 molecules mRNA levels in CT26 cells (Fig. 4E).

From the DSS model, histological analysis exhibited severe colitis in WT and IL-6 mice. Random and
disorganized gland , crypt loss, goblet cells increased and more extensive in�ammatory cell in�ltration
reaching the submucosa in the colon of day 7 ,compared with day 0 in WT mice, while IL-6-/- displayed
severe in�ammation with focal areas of ulceration, necrotic lesions, accumulation of palisading
granuloma and in�ltration of lymphocytes (Fig. 4F). Upon DSS treatment, we collected colonic mucosa of
WT and IL-6 mice from day 0 and day 7, and performed a Q-PCR assay to assess mRNA expression of
H2-K1 and H2-D1. Under in�ammatory condition, expression of H2-K1 and H2-D1 was preferentially
enriched in IL-6-/- mice, compared to WT mice (Fig. 4G & H). We then analyzed the intratumoral expression
of H2-K1 and H2-D1 from the AOM/DSS model and MC38 tumor-bearing WT and IL-6 mice. Strikingly, in
tumor environments, mRNA expression of H2-K1 and H2-D1greater accumulated in IL-6-/- mice (Fig. 4I
&J). Collectively, these results indicate that de�ciency of IL-6 would restrain STAT3 signaling pathway to
elevate the expression of MHC-1. 

IL-6-neutralizing antibodies provide anti-tumor e�cacy with
signi�cant in�ltration of CD8+ T cells via increasing the
expression of MHC-1 and PD-L1

https://www.cell.com/cell-reports/fulltext/S2211-1247(17)30722-2#fig4
https://www.nature.com/articles/nrc2734#Glos9
https://www.cell.com/cell-reports/fulltext/S2211-1247(17)30722-2#fig4
https://www.cell.com/cell-reports/fulltext/S2211-1247(17)30722-2#fig4
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To validate the contribution of anti-IL-6 in immune response to tumor, CT26 tumor-bearing WT mice were
then administered anti-IL-6 or isotype as a control. Striking, we observed a signi�cant decrease in tumor
size, growth, and weigh after anti-IL-6 treatment compared with isotype control (Fig. 5A-C). 

Next, we observed CD8+ T cells in�ltrating in the endpoint subcutaneous tumors from two groups
via immuno�uorescent analyses (Fig. 5D). The immuno�uorescent results con�rmed that IL-6-
neutralizing antibodies increased CD8+ T cells in the CT26 subcutaneous tumor sections (Fig. 5E).
Importantly, the mRNA expression of H2-K1 and H2-D1 were robustly upregulation in the tumor of IL 6-
neutralizing antibodies-treating mice (Fig. 5F & G). 

Surprisingly, blocking IL-6 dramatically upregulated the PD-L1 mRNA expression in subcutaneous CT26
tumors (Fig. 5H). In addition, the immuno�uorescent results also suggested that the expression levels of
PD-L1 were directly augmented with administered anti-IL-6 (Fig. 5I & J). Together, these results reveal that
blocking IL-6 mediates anti-tumor e�cacy of CD8+ T cells by enhancing the levels of MHC-1 and PD-L1 in
tumors. 

Blocking IL-6 enhances tumor response to anti-PD-1
immunotherapy
It is well reported that CT26 cell line represents an MMR-pro�cient colorectal cancer type [41] and 4T1 is
poorly immunogenic cancer [42]. This two cell lines is well proven to be resistant to anti-PD1
treatment [43].To evaluate the capacity of anti-IL 6 antibodies to enhance the sensitivity of anti-PD1
antibodies, the e�cacy of co-administration of anti-IL-6 and anti-PD-1 on different subcutaneous tumor
models, such as MC38, CT26, 4T1 and B16F10, were examined (Fig. 6A). We found that blocking IL-6 or
PD-1 alone resulted in some therapeutic effect on MC38 and B16F10 subcutaneous tumors compare to
isotype control group. Strikingly, combined treatment further inhibited tumor growth compare to isotype
control group and other single treatments (Fig. 6E-J). 

Next, we demonstrated whether anti-IL-6 could synergize with immune checkpoint blockade therapy. As
expected, single treatment with anti-PD-1 or anti-IL-6 had a partial effect on CT26 tumor volume and
tumor weight. When combining anti-PD-1 with anti-IL-6, such improvement was exhibited a notable delay
in the tumor growth, decrease in the tumor weight of CT26 tumor-bearing mice (Fig. 6B-D). In addition, the
4T1 tumor-bearing model showed a similar result that, compared with that single treatment, 4T1 tumor
size, growth and weight were signi�cantly diminished by the combined treatment (Fig. 6K-M). These
results indicate that anti-IL-6 and anti-PD-1 treatment suppress tumor growth signi�cantly. Therefore, the
combination of anti-IL-6 and anti-PD-1 is a prospective way to CRCs therapy.  

Discussion

https://www.cell.com/cell-reports/fulltext/S2211-1247(17)30722-2#fig4
https://www.cell.com/cell-reports/fulltext/S2211-1247(17)30722-2#fig4
https://www.cell.com/cell-reports/fulltext/S2211-1247(17)30722-2#fig4
https://www.cell.com/cell-reports/fulltext/S2211-1247(17)30722-2#fig4
https://www.cell.com/cell-reports/fulltext/S2211-1247(17)30722-2#fig4
https://www.cell.com/cell-reports/fulltext/S2211-1247(17)30722-2#fig4
https://www.cell.com/cell-reports/fulltext/S2211-1247(17)30722-2#fig4
https://www.cell.com/cell-reports/fulltext/S2211-1247(17)30722-2#fig4
https://www.cell.com/cell-reports/fulltext/S2211-1247(17)30722-2#fig4
https://www.cell.com/cell-reports/fulltext/S2211-1247(17)30722-2#fig4
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IL-6 represents a minor subset of cytokines in in�ammation-associated tumorigenesis. Accumulating
evidence suggests its role in the orchestration of proliferation and metastasis in tumor [44]. In the present
study, IL-6 is a signi�cant cytokine in in�ammation-associated tumorigenesis selected from database
and our medical center biobank, which is upregulated, and related to tumorigenesis and poor prognosis
of CRCs.

Many researches have validated that the enrichment of CD8+ T cells indicates a favorable prognosis for
patients with CRC [18]. In poor prognosis of CRCs, tumor cells have been reported escape from the attack
of CD8+ T cell by abolishing MHC-1 antigen presentation [45]. This research was intended to further
explore the function of IL-6 in tumor evasion. In AOM/DSS models, increased CD8+ T cell in�ltration was
responsible for the decrease of tumors in IL-6−/− mice, compared to WT mice; however, similar result was
found in subcutaneous models. Later, we did an analysis of the database and in vivo experiment, a
negative correlation was found between IL-6 and MHC-1 molecules. Vitro investigations revealed that IL-6
primarily activates STAT3 phosphorylation. Since the phosphorylation of STAT1 and STAT3 is usually in
an equilibrium state, we reasonably arrived at the conclusion that IL-6 downregulated JAK/STAT1
signaling indirectly, resulting in the suppression of expression of MHC-1 genes. IFNγ up-regulates MHC-1
antigen presentations via activation of JAK/STAT1 signal transduction pathway, of which tumors might
be susceptible to immunological surveillance [39]. Herein, we observed that IL-6 upregulated the
expression of phosphorylated STAT3, which had the negative effect on the STAT1 phosphorylation,
revealing that MHC-1 molecules are indirectly downregulated by IL-6 in the CRCs.

Monoclonal antibodies against IL-6 have been developed for clinical application, such as siltuximab [46].
As a single drug, Siltuximab has minimal effect on tumor inhibition, but exerts signi�cant effect when
combining with other antitumor treatments [47]. Due to immunological resistance mechanisms in CRC, IL-
6 monotherapy is not an effective strategy to kill tumor cells.

Our results have con�rmed that blocking IL-6 is su�cient to activate IFNγ-STAT1 signaling and increase
CD8+ T cell in�ltration via hyperactivation of MHC-1 and PDL-1 expression in CT26 tumors. Thus, the use
of IL-6-blocking antibodies is a novel strategy for enhancing the sensitivity of tumors to anti-PD-1
treatment (Figure 6N).

Anti-PD-1/PDL-1 are widely applied to treat tumors carrying sensitive immune checkpoint inhibitor [10].
However, anti-PD-1/PDL-1 therapy is ineffective to tumors associated immune evasion and resistance to
immune checkpoint inhibitor [15]. Recently, more and more investigations have revealed that anti-IL-6 co-
administered with anti-PD-1 displays a signi�cant role in antitumor [48, 49]. However, the mechanism
underling the combination treatment is not completely clear.

Hence, anti-IL-6 repositioning emerges as a new approach to treat MSS-CRC and immune-resistance
tumors. Our �nding has observed that the absence of IL-6 abolished the tumor immune evasion and
promoted in�ltrated CD8+ T cell, suggesting that IL-6 plays an indispensable role in evading
immunological surveillance. Blocking IL-6, tumor exhibited higher MHC-1 and PDL-1 to up-regulate
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immune checkpoint inhibitor, which can enhance tumor responses to anti-PD-1. However, the potential
mechanism of IL-6 in tumor escape is still unclear. Furthermore, we therefore decided to dig deeper and
reveal the mechanism more in detail.

Conclusions
This study presented that IL-6 is signi�cantly upregulated in CRC via bio-information analysis. De�ciency
of IL-6 promoted CD8 + T cells in�ltrating tumors via upregulating the expression of MHC-1 molecules
and PDL-1, which could sensitize CRC to anti-PD-1 therapy. This research suggests IL-6 as a novel
therapeutic target in the CRC.
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Figure 1

Differential expression of IL-6 indicated unfavorable prognosis in CRC.

A--B IL-6 expression in different tissues from GEO and TCGA datasets. (A) GSE20916 dataset, CRC,
normal colon vs. adenoma vs. cancer (n =34 vs. 54 vs. 66). Data were presented as means ± SEM, *** P <
0.001, t test. (B-C) TCGA-COAD dataset, paired normal colon vs. cancer (n =39), means ± SEM, ** P < 0.01,
paired-t test. D. Kaplan-Meier curves of CRC patients’ overall survival with high or low IL-6 expression level
of internal cohort. Log−Rank P=0.015.E-J CRC overall survival analysis based on IL-6 expression. (E-G)
GSE17538 (n =232), optimal cutpoint = 6.97, log−rank P=0.007. H-J ) GSE41258 (n =185), optimal
cutpoint = 52.7, log−rank P=0.011.
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Figure 2

IL-6-/- developed less tumor via improving accumulation of CD8+ T cells compared to WT mice

A WT C57BL/6 mice and IL-6-/- mice (n = 6, each group) were at least 8 weeks old before use and
throughout the experiments. WT and IL-6-/- mice were given three cycles of DSS (20 mg/mL) after
intraperitoneal treatment of AOM (10mg/kg). After induction of tumorigenesis (86 days), mice were
euthanized and colons were collected. B Representative optical colonoscopy of tumors formed after
AOM/DSS treatment into WT C57BL/6 and IL-6-/- mice and the tumor formation were shown. C
Representative images of colon tumors with a methylene blue stain. D-E Tumor number and tumor load in
each group were measured, *P < 0.05, **P < 0.01, t test. F Immuno�uorescence staining of CD8 (red) and
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DAPI (blue) in colon malignant tissues of WT C57BL/6 and IL-6-/- mice treated with AOM/DSS. Scale bar,
100 μm. G Immuno�uorescent analysis of CD8 positive cells were assessed **P < 0.01, t test. H-J
Subcutaneous implantation of MC38 cells in C57BL/6 and IL-6-/- mice. 2×106 cells/mouse were injected
into limbs; tumors were retrieved at 21th day after injection. (I) Tumor volume (cm3) measured at
indicated time point. ***P < 0.001, two-way ANOVA. (J) Tumor weight (H) measured at 21th day. *P < 0.01,
t test. (K) Positive numbers of CD8+ staining, **P < 0.01, t test. (L) Representative images of CD8 staining
in subcutaneous tumor of each group. Scale bar, 100 μm.
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Figure 3

IL-6 produced in vivo was negative related to the expression of MHC-1 molecules  

(A-C) The expression of IL-6, H2-D1 and H2-K1 in colonic mucosa of rats (n = 3) treated with DSS were
analyzed using GEO data. D WT C57BL/6 mice (n = 6) were fed a 2% DSS solution in drinking water for 5
days. E Endoscopic index of colitis severity was scored until day 21 after the start of DSS. F Longitudinal
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colonoscopic images of distal colon cross-sections of WT C57BL/6 mice (n = 6) at 0 and 1 day, and
following 5, 9, 11 and 21 days of DSS treatment. G Disease severity was scored during DSS treatment.
H&I Representative images and analysis of colon length at 0 and 1 day, and following 5, 9,11 and 21 days
of DSS treatment(n = 6). J H&E staining of distal colon cross-sections of WT C57BL/6 mice (n = 6) at 0
and 1 day, and following 5, 9, 11 and 21 days of DSS treatment. Scale bar, 200 μm. (K-M) IL-6, H2-D1 and
H2-K1 mRNA expression (qRT-PCR) of colonic mucosa from WT C57BL/6 mice (n = 3) fed with DSS. 
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Figure 4

IL-6 de�ciency induced the high expression of MHC-1 in vitro and in vivo

A Representative micrographs showing intestinal organoid derived from WT mice treated with PBS or IL-
6. Scale bar, 200 μm. B Small intestinal organoids from WT C57BL/6 mice were stimulated with IFNγ and
IL-6 with various concentrations, Expression of IRF1, STAT1, p-STAT1, STAT3 and p-STAT3 were
examined by Western blotting. All samples were normalized as to expression of GAPDH. C qRT-PCR
analysis of MHC-1 genes (H2-D1, H2-K1) in organoids from WT C57BL/6 mice (n =3) stimulated with
IFNγ (50ng/ml) and IL-6 (100ng/ml) for 12-hours. ***P < 0.001, t test. D Colon carcinoma cell CT26 was
stimulated with IFNγ and IL-6 in the same time with different concentrations, followed by extraction as
total cell lysates, which subjected to immunoblot analysis with antibodies to the proteins stated above. E
qRT-PCR analysis of MHC-1 genes (H2-D1, H2-K1) in CT26 cells stimulated with IFNγ (50ng/ml) and IL-6
(100ng/ml) for 12-hours. ***P < 0.001, t test. F H&E staining of colon sections from DSS-treated WT
C57BL/6 and IL-6-/- mice at 0 and 7 days of DSS treatment. G&H qRT-PCR analysis of mRNA levels of the
indicated MHC-1 target genes isolated from colon mucosa from WT C57BL/6 and IL-6-/- mice at 0 and
7 days of DSS treatment and normalized to GAPDH mRNA (n =6, per group). ns means no signi�cance,
*P < 0.05, **P < 0.01, one-way ANOVA. I qRT-PCR analysis of mRNA levels of the indicated MHC-1 target
genes in tumors isolated from AOM/DSS models.*P < 0.05, t test. J qRT-PCR analysis of mRNA levels of
the indicated MHC-1 target genes in subcutaneous tumors from the two groups. *P < 0.05, t test.
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Figure 5

Anti-IL-6 enhanced in�ltration of CD8+ T cells in tumors via increasing the expression of MHC-1 and PDL-
1

A Mice were implanted with CT26 cells and 19 days later retrieved. B Shown are tumor growth curves (n =
6 mice/group). Statistical signi�cance determined using two-way ANOVA in comparison with control-
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treated mice. **P < 0.01 C Evaluation of tumor weight is shown for each group. *P < 0.05, t test. D-E
Immuno�uorescence was used to analyze the staining of CD8+ T cells in�ltrating in CT26 tumor and
quanti�cation of positive CD8+ T cells. Scale bar, 100 μm. **P < 0.01, t test. F-H MHC-1(H2-K1 and H2-D1)
and PDL-1 mRNA levels were measured by q-PCR ***P < 0.001, t test. I-J Representative images of
immuno�uorescence microscopy to detect. (I) PDL-1protein expression (Red). Scale bar, 25 μm. (J)
Percentage of PDL-1 were evaluated treated with anti-IL-6 or isotype. ***P < 0.01, t test. 
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Figure 6

anti-IL-6 and anti-PD-1 combination therapy inhibits tumor growth in mice subcutaneous models

A Therapy regimen schematic. Tumor cells were injected into C57BL/6 or BAL b/c mice (n = 8 per group).
Subsequently, when tumor volume reached about 100mm3, 10 μg (100 μg/ml, 100μl) of anti-PD-1 and/or
anti-IL-6 were injected into the mice every three days until sacri�ce, while the control group was injected
with isotype. B-M Anti-IL-6 was tested alone and in combination with anti-PD-1 in (E & H) C57/BL6J and
(B & K) BALB/c implanted with (E) MC38, (B) CT26, (H) B16F10 or (K) 4T1 tumor cells. Tumor volume is
represented as the mean ± SEM. (C, F, I, L) Individual tumor growth curves is presented for each treatment
group compared with the control group. ns, no signi�cance, *P < 0.05; **P < 0.01; *** P < 0.001, two-way
ANOVA. (D, G, J, M) Tumor weigh of subcutaneous tumors treated with PD-1/IL-6 monoclonal antibody
respectively or anti-PD-1 with anti-IL-6. ns, no signi�cance; *P < 0.05; **P < 0.01; *** P < 0.001, t test. N
Schematic diagram of the involvement of IL-6 in tumor evasion


