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Abstract 

It is unknown as to how liver metastases are correlated with host immune status in 

colorectal cancer. In this study, we found that IL-6, a proinflammatory cytokine 

produced in tumor-bearing states, promotes the metastatic colonization of colon 

cancer cells in association with dysfunctional anti-tumor immunity. In IL-6-deficient 

mice, metastatic colonization of CT26 cells in the liver was reduced, and the anti-tumor 

effector function of CD8+ T cells as well as IL-12 production by CD11c+ dendritic cells 

were augmented in vivo. Furthermore, IL-6-deficient mice exhibited enhanced IFN-

AR1-mediated type I interferon signaling, which upregulated PD-L1 and MHC class I 

expression on CT26 cells. In vivo injection of anti-PD-L1 antibody effectively 

suppressed the metastatic colonization of CT26 cells in Il6-/- but not Il6+/+ mice. Finally, 

we confirmed that colorectal cancer patients with low IL-6 levels in their primary tumors 

showed prolonged disease-free survival. These findings suggest IL-6 may be a 

promising target for the treatment of metastasis in colorectal cancers by improving host 

immunity.  
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Introduction 

The suppression of anti-tumor effector cells in a tumor-bearing host is a critical problem 

for the immunotherapy of cancer patients. Immune checkpoint inhibitors such as anti-

CTLA4, anti-PD-1, and PD-L1 antibodies have enabled curative treatment for some 

advanced cancers (1, 2). However, the clinical efficacy of immune checkpoint blockade 

therapy for cancer varies according to the tumor type and between individual patients, 

suggesting that several different immunosuppressive mechanisms might operate in 

tumor-bearing hosts (3, 4). Therefore, alternative or additional targets to improve host 

immune status are required for the development of cancer immunotherapy with 

improved effectiveness. 

Interleukin-6 (IL-6), a multipotent cytokine, binds to IL-6 receptor alpha (IL-6Ra) 

expressed on target cells. IL-6/IL-6Ra complexes with gp130, a signal transducer, to 

recruit Janus kinase, which phosphorylates signal transducer and activator of 

transcription 3 (STAT3). Phosphorylated STAT3 translocates to the nucleus and 

induces the transcription of various target genes to regulate cellular functions such as 

the proliferation, survival and differentiation of various cell types including epithelial 

cells, endothelial cells, fibroblasts, osteocytes, immune cells, and cancer cells (5-7). 

We previously demonstrated that activation of the IL-6/STAT3 signaling cascade 

in dendritic cells (DCs) caused a reduction in antigen presentation ability and 
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suppressed the subsequent antigen-specific helper and killer T cell responses in vitro 

and in vivo (8, 9). Furthermore, we revealed that blockade of IL-6 signaling through the 

administration of anti-IL-6Ra monoclonal antibody (mAb) to tumor-bearing mice 

significantly inhibited tumor growth by enhancing the effector function of CD8+ T cells 

(10, 11).  

Recently, we demonstrated that IL-6 inhibits the maturation and antigen 

presentation of human monocyte-derived DCs and suppresses antigen-specific T cell 

responses in an IL-12-dependent manner (12). In this study, IL6 gene expression was 

higher in CD11b+CD11c+ cells in the tumor tissues of colorectal cancer (CRC) patients 

compared with peripheral blood mononuclear cells (PBMCs). This confirmed that the 

TCR-mediated activation of both CD4+ T cells and CD8+ T cells was significantly 

reduced in the presence of CD11b+CD11c+ cells in tumor tissues compared with 

PBMCs. 

CRC, a leading cause of mortality, is the second most common cancer in women 

and the third most common cancer in men worldwide. It was reported that 

approximately 694,000 individuals died of CRC in 2012 (13, 14). Metastasis is one of 

the most severe risk factors for cancer death, and the liver is the most frequent site for 

the metastasis of colon cancer cells; however, the precise mechanism of liver 

metastasis with regards to the host’s immune system has not been fully elucidated (15, 
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16). Identification of the causes of liver metastasis might therefore be a critical step 

towards controlling CRC. This study aimed to elucidate the precise mechanisms 

involved in the regulation of liver metastasis and how they correlate to host immunity.  

We investigated whether IL-6 is related to the metastatic colonization of colon 

cancer cells by inhibiting anti-tumor immunity in mouse models. We report that IL-6 

produced by tumor-bearing hosts contributed to the progress of metastatic colonization 

of colon cancer cells through the suppression of anti-tumor effector cells including 

CD8+ T cells.  
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Materials and methods 

Mice and cells 

Wild-type BALB/c (Il6+/+) mice were obtained from Charles River Japan (Kanagawa, 

Japan). BALB/c background IL-6-deficient (Il6−/−) mice were obtained from the Center 

for Animal Disease Models, Research Institute for Biomedical Sciences, Tokyo 

University of Science (Chiba, Japan). All mice were maintained in specific pathogen-

free conditions in accordance with the guidelines of the Animal Department at 

Hokkaido University and were used at 6–8 weeks of age. The murine colon cancer cell 

line CT26 (CRL-2638) and murine breast cancer cell line 4T1 (CRL-2539) were 

obtained from the American Type Culture Collection (Manassas, VA, USA). All mouse 

experiments were approved by the Animal Ethics Committee of Hokkaido University 

(No. 14-0062) and conducted in accordance with the recommendations of the Guide 

for the Care and Use of Laboratory Animals of the University, an Institutional Animal 

Care and Use Committee. 

 

Human subjects  

Research protocols involving human subjects were approved by the institutional review 

board of Hokkaido University Graduate School of Medicine (14-043) and the Institute 

for Genetic Medicine (14-005, 14-0004). Written informed consent was obtained from 



8 
 

each patient. In total, 108 CRC patients who underwent surgery at Hokkaido University 

Hospital between 2003 and 2015 were included in this study. Patients were followed 

up at 1–6-month intervals until death or until 31 March 2019. Patient clinical features 

are shown in Supplementary Table S1.  

 

Antibodies and reagents 

The following monoclonal antibodies (mAb) were obtained from BioLegend (San Diego, 

CA, USA) or BD Biosciences (San Diego, CA, USA): fluorescent dye-conjugated anti-

CD45 (30-F11), APC-conjugated anti-mouse CD11c (N418), APC-conjugated CD4 

(RM4-5), APC-Cy7-conjugated anti-mouse CD8a (53-6.7), FITC-conjugated CD44 

(IM7), PE-conjugated anti-mouse CD62L (MEL-14), anti-H-2Kd (AF6-88.5), anti-I-Ad 

(AF6-120.1), and APC-conjugated anti-mouse CD274 (10F.9G2). PE-conjugated anti-

mouse perforin (eBioOMAK-D) and PE-conjugated anti-mouse granzyme B (NGZB) 

were obtained from eBioscience (Tokyo, Japan). 7-AAD Viability Dye was purchased 

from Beckman Coulter (Marseille Cedex, France). mAbs for IL-6 neutralization (clone 

MP5-20F3), CD8 depletion (clone 53.6.7), IL-12 neutralization (clone C17.8), IFN-AR1 

signaling inhibition (clone MAR1-5A3), and an antagonist mAb against PD-L1 (clone 

10F.9G2) were purchased from Bio X Cell (West Lebanon, NH, USA). Clophosome-

clodronate liposomes and control liposomes (Neutrl) (F70101-N) were purchased from 
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FormuMax (Sunnyvale, CA, USA). Recombinant murine IFN-α (752802) was 

purchased from BioLegend. Recombinant murine IFN-β was purchased from 

PeproTech EC Ltd. (Hammersmith, London, UK). Phorbol 12-myristate 13-acetate 

(PMA) and A23187 calcium ionophore were purchased from Sigma-Aldrich (St. Louis, 

MO, USA). 

 

Cell culture  

CT26 cells were maintained in RPMI-1640 medium (Wako Pure Chemical Industries, 

Ltd., Osaka, Japan) supplemented with 10% fetal bovine serum, 200 U/ml penicillin, 

100 µg/ml streptomycin, 10 mM HEPES, and 0.05 mmol/L 2-mercaptoethanol (Sigma-

Aldrich, Tokyo, Japan) at 37°C in a humidified atmosphere containing 5% CO2. For 

flow cytometry, CT26 cells (2.5×105) were cultured in 12-well culture plates and treated 

with IFN-α or IFN-β (50 ng/mL) in the presence or absence of STAT1 inhibitor (2 µg/mL) 

for 24 h. 

 

Metastatic colonization model 

GFP-transfected CT26 cells (2×105) were inoculated intrasplenically (i.s.) or 

intravenously (i.v.) into Il6+/+ or Il6−/− BALB/c mice. Metastatic colonization images of 

CT26-GFP-positive tumors in liver or lung tissue were evaluated using an in vivo 
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imaging system (IVIS Spectrum, Xenogen) at day 14. For ex vivo analysis, CT26 cells 

were transfected with pMX-IRES-GFP, obtained from Dr. T. Kitamura (The University 

of Tokyo), using Lipofectamine 3000 (Thermo Fisher Scientific, 

Waltham,  Massachusetts, USA). These GFP-transduced CT26 cells were used in the 

tumor-bearing mouse models. Anti-CD8 mAb and other mAbs or control IgG (200 

µg/mouse) were injected intraperitoneally into Il6+/+ and Il6−/− mice at days −1 and +5, 

and then every 4 days thereafter. Anti-PD-L1 mAb (200 µg/mouse) or control IgG (200 

µg/mouse) were i.p. injected into CT26 tumor-bearing Il6+/+ and Il6−/− mice at day 5 and 

then every 4 days thereafter. Livers were excised from mice, and after collagenase 

treatment and homogenization, mononuclear cells were isolated from whole liver cells 

by centrifugation using Percoll. Population analysis and cytotoxicity assays were 

performed by flow cytometry.  

 

ELISA 

We determined IL-6 levels in serum obtained from CT26-inoculated Il6+/+ and Il6−/− 

mice at day 14 and normal mice using an OptEIA Mouse IL-6 ELISA Kit (BD 

Biosciences) according to the manufacturer’s instructions.  

 

PCR analysis 
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Total RNA was extracted from murine 7AAD−CD45+CD11c+ cells and whole cells 

derived from liver metastatic tissues using ISOGEN (Nippon Gene, Toyama, Japan) in 

accordance with the manufacturer’s instructions. First-strand cDNA was synthesized 

using 1 µg of total RNA, oligo (dT) (Invitrogen, Carlsbad, CA), and Superscript III 

reverse transcriptase (Invitrogen, Carlsbad, CA). Genes encoding murine Ifna, Ifnb, 

Il12a, Il12b, Arg1, Il10, and Actb were amplified using a Real-time PCR Detection 

System (Bio-Rad). The primer sequences and numbers of universal probes used in 

this study were as follows: Il6 (left: 5’-atcctctggaaccccacac-3’, right: 5’-

gaactttcgtactgatcctcgtg-3’, universal probe: # 53), Ifna (left: 5’-tcaagccatccttgtgctaa-3’, 

right: 5’-gtcttttgatgtgaagaggttcaa-3’, universal probe: # 3); Ifnb (left: 5’-

ctggcttccatcatgaacaa-3’, right: 5’-agagggctgtggtggagaa-3’, universal probe: # 18); 

Il12a (p35) (left: 5’-tcagaatcacaaccatcagca-3’, right: 5’-cgccattatgattcagagactg-3’, 

universal probe: # 49); Il12b (p40) (left: 5’-tgaactggcgttggaagc-3’, right: 5’-

gcgggtctggtttgatga-3’, universal probe: # 74); Arg1 (left: 5’-cctgaaggaactgaaaggaaag-

3’, right: 5’-ttggcagatatgcagggagt-3’, universal probe: # 2); Il10 (left: 5’-

cagagccacatgctcctaga-3’, right: 5’-tgtccagctggtcctttgtt-3’, universal probe: # 41); and 

Actb (left: 5’-aaggccaaccgtgaaaagat-3’, right: 5’-gtggtacgaccagaggcatac-3’, universal 

probe: # 56). Sample signals were normalized to the reference gene Actb using the 
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ΔΔCt method: ΔCt = ΔCtsample − ΔCtreference. Percentages relative to the control sample 

were then calculated for each sample. 

 

Flow cytometry 

The surface expression levels of CD11c, CD11b, CD8a, CD44, CD62L, I-Ad, H-2Kd, 

and CD274 were evaluated by FACSCanto II (BD Biosciences) and the results were 

analyzed with FlowJo software (Tree Star, Ashland, OR, USA). The mean fluorescence 

intensity (MFI) ratio (sample ΔMFI (specific marker MFI − isotype control MFI)/control 

sample ΔMFI × 100) was calculated for samples. A FACSAriaII (BD Biosciences) was 

used for the isolation of CD11c+ cells from areas of metastatic tissue in the livers of 

Il6+/+ or Il6-/- mice. 

 

Cytotoxicity assay 

Freshly isolated lymphocytes from metastatic livers were incubated with CT26-GFP 

cells as target cells for 4 h. The percentage cytotoxicity of the collected cells as 

antitumor effector cells was calculated by counting GFP+7AAD+ cells by flow cytometry. 

 

Intracellular cytokine staining 

To detect cytoplasmic perforin and granzyme B expression levels in CD8+ T cells, 
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single cell suspensions from liver tissue (1×106 cells/well in a 12-well culture plate) 

were stimulated with PMA (25 ng/mL) and A23187 calcium ionophore (1 µg/mL) for 4 

h in the presence of brefeldin A. Then, the cells were harvested and stained with anti-

CD8 mAb and 7-AAD, and fixed with 4% paraformaldehyde. After permeabilization, the 

fixed cells were stained with anti-Granzyme B or perforin mAbs. To detect cytoplasmic 

pSTAT1 in CT26 cells, single cell suspensions from liver tissue (1×106 cells/well in a 

12-well culture plate) were harvested and stained with anti-CD45 mAb and 7-AAD, and 

fixed with 4% paraformaldehyde. After permeabilization, the fixed cells were stained 

with pSTAT1 mAb. Data were acquired by flow cytometry. 

 

Immunohistochemistry (IHC) 

Metastatic livers obtained from CT26-inoculated Il6+/+ and Il6−/− mice at day 14 were 

fixed in 4% paraformaldehyde phosphate buffer solution and then embedded in paraffin. 

After deparaffinization, antigen retrieval for CD3 and CD11c was performed with a 

reagent kit (pH 9.0) (415211, Nichirei Bioscience, Inc., Tokyo, Japan) at 95°C for 10 

min or with proteinase K solution (S3004, Dako, Hamburg, Germany) at room 

temperature for 5 min, respectively. Endogenous peroxidase activity was blocked by 

incubating samples with 3% hydrogen peroxide at room temperature for 10 min. After 

washing with Tris-buffered saline, sections were incubated with anti-CD3 (ab134096; 
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 Abcam) or anti-CD11c (GTX74940; GeneTex) antibodies overnight at 4°C. Sections 

for CD3 and CD11c staining were incubated at room temperature for 30 min with 

Histofine Simple Stain MAX PO (R) (424144, Nichirei Bioscience, Inc., Tokyo, Japan) 

at room temperature for 30 min or with rabbit anti-hamster IgG (6215-01, Southern 

Biotechnology Associates, Inc.) at room temperature for 30 min, Histofine Simple Stain 

MAX PO (R) (424144, Nichirei Bioscience, Inc.) at room temperature for 30 min, TSA 

PLUS Biotin Kit (NEL749A001, Perkin Elmer, Inc., MA) at room temperature for 5 min, 

and Vectastain Elite ABC Reagent (PK6100, Vector Laboratories, Inc., CA) at room 

temperature for 30 min. Protein expression was visualized using 3-3’-diaminobezidine-

4HCL at room temperature for 5 min. Antigen retrieval for phospho-STAT1 was 

performed with a reagent kit (pH 9.0) (415211, Nichirei Bioscience, Inc.) at 95°C for 20 

min. Endogenous peroxidase activity was blocked by incubation with 0.3% hydrogen 

peroxide at room temperature for 10 min. After washing with rebuffed saline, sections 

were treated with anti-phospho-STAT1 (#9167, Cell Signaling Technology, Danvers, 

Massachusetts, USA) antibody overnight at 4°C. Protein expression was visualized 

using N-Histofine Simple Stain MAX PO (R) (Nichirei Biosciences, Inc., Tokyo, Japan). 

After washing, protein expression was visualized using 3-3’-diaminobezidine-4 HCL at 
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room temperature for 5 min. Finally, all sections were counterstained with Mayer’s 

hematoxylin. 

Tumor specimens from 108 CRC patients were formalin-fixed and paraffin-embedded 

and sections were stained with hematoxylin-eosin (HE). The slides were treated with 

anti-IL-6 (ab6672, at 1:500 dilution, Abcam) and anti-PD-L1 (SP142, at 1:150 dilution, 

Spring, Bioscience, Inc.) antibodies. Protein expression was visualized using N-

Histofine Simple Stain MAX PO (R) (Nichirei Biosciences, Inc., Tokyo, Japan) and 

peroxidase (Envision/HRP; Dako, Tokyo, Japan), respectively. After washing, IL-6 and 

PD-L1 protein expression was visualized using 3-3’-diaminobezidine-4 HCL at room 

temperature for 5 min and 10 min, respectively. Finally, all sections were 

counterstained with Mayer’s hematoxylin. 

 

IL-6 and PD-L1 immunohistochemical evaluation 

All assessments were made on viable tumor specimens at ×400 magnification. Each 

slide was evaluated by a pathologist who was blinded to the clinical outcomes.  

 

Statistical analysis 

In vitro experiments were repeated 3–5 times. In vivo experiments consisting of 4–10 

mice per group were independently performed 2–3 times. For survival studies, we used 
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10–30 mice per experimental group. Single representative experiments are indicated 

in the figures. Mean values and SDs were calculated for each dataset. Significant 

differences in the results were determined by a one-way analysis of variance (ANOVA) 

and Dunnett’s post-test. In some experiments, the two-tailed Student’s t-test was used 

to evaluate differences between two groups. P-values < 0.05 were considered 

statistically significant using the two-sided Student’s t-test. The log-rank test was used 

to determine statistically significant differences in survival curves among CT26-

inoculated mice and CRC patients. The prognostic implications of IL-6 and PD-L1 

expression and clinicopathological parameters were analyzed by Cox univariate and 

multivariate proportional hazard models. Data were analyzed using JMP statistical 

software for Windows (version 13.1.0; SAS Institute Inc., Cary, NC, USA). 
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Results 

IL-6 produced in tumor-bearing hosts augments metastatic colonization of colon 

cancer cells  

To investigate the effect of IL-6 on the metastatic colonization of colon cancer cells in 

liver tissue, we intrasplenically inoculated GFP-transduced CT26 murine colon cancer 

cells into wild-type BALB/c (Il6+/+) and BALB/c background IL-6-deficient (Il6−/−) mice 

(Fig. 1A). Serum IL-6 levels were increased in Il6+/+ but not Il6−/− mice at 14 days after 

inoculation (Fig. 1B). In addition, serum alanine transaminase (ALT) and aspartate 

transaminase (AST) levels were higher in Il6+/+ mice than in Il6−/− mice (Fig. 1C). The 

percentages of liver weight per total body weight of tumor-bearing Il6+/+ mice were 

significantly heavier than that of Il6−/− mice (Fig. 1D). HE staining revealed that the 

metastatic foci of CT26 in Il6+/+ mice were thicker than in Il6−/− mice (Fig. 1E and F). In 

vivo imaging analysis of liver tissue showed that the tumorigenesis of CT26 cells was 

significantly reduced in Il6−/− mice compared with Il6+/+ mice (Fig. 1G and H). 

Furthermore, the survival of Il6+/+ mice was significantly shorter compared with Il6-/- 

mice (Fig. 1I). Next, we performed intravenous injection of CT26 cells into Il6+/+ mice 

and Il6+/+ mice to evaluate the effect of IL-6 on the metastatic colonization of colon 

cancer cells in the lung. Metastatic colonization in the lungs of Il6-/- mice was 

significantly reduced compared with Il6+/+ mice (Fig. S1A–D). Moreover, the survival of 
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CT26-bearing Il6-/- mice was significantly prolonged compared with that of Il6+/+ mice 

(Fig. S1E). These data suggest that IL-6 promotes the metastatic colonization of colon 

cancer cells in the lung as well as in liver tissue. Furthermore, we intrasplenically 

inoculated GFP-transduced 4T1 breast cancer cells into Il6+/+ and Il6−/− mice to 

investigate the effect of IL-6 on the metastatic colonization of breast cancer cells in the 

livers. Metastatic colonization of 4T1 cells in the livers of Il6-/- mice was significantly 

reduced compared with Il6+/+ mice (Fig. S2A–D). The survival of 4T1 intrasplenically-

injected Il6-/- mice was significantly prolonged compared with that of Il6+/+ mice (Fig. 

S2E). These data suggest that IL-6 promotes the metastatic colonization of breast 

cancer cells as well as colon cancer cells in the liver in vivo. 

To confirm the effect of cancer cell-produced IL-6 on metastatic colonization, we 

injected anti-IL-6 mAb into our Il6+/+ mouse model. As a result, we confirmed that the 

administration of anti-IL-6 mAb significantly suppressed the metastatic colonization of 

CT26 colon cancer cells in the liver (Fig. S3A–D) and prolonged the survival of CT26-

bearing Il6+/+ mice (Fig. S3E). Based on these data, we speculated that both host 

mouse- and CT26 cancer cell-derived IL-6 might be involved in the metastatic 

colonization of the liver tissue of our experimental model. In addition, we investigated 

Il6 gene expression levels in whole cells and CT26 cells isolated from the liver tissues 

of tumor-bearing Il6-/- and Il6+/+ mice. Il6 expression in whole cells was higher 



19 
 

compared with that in CT26 cells isolated from the liver tissue of Il6+/+ mice, although 

Il6 levels in whole cells from Il6-/- mice were not significantly different to that of CT26 

cells isolated from Il6-/- mice (Fig. S4). Il6 expression levels in CT26 cells isolated from 

Il6+/+ mice were higher compared with CT26 cells from the liver tissue of Il6-/- mice. 

These data suggest that IL-6 derived from mice may augment Il6 expression levels in 

CT26 colon cancer cells in vivo. 

In this study, we established Il6 gene-knockout CT26 (CT26-Il6KO) cells (Fig. 

S5A), which had a lower proliferative ability in vitro compared with control CT26-mock 

cells (Fig. S5B). When these cells were intrasplenically inoculated into Il6+/+ BALB/c 

mice, the metastatic colonization of CT26-Il6KO cells in the liver was significantly 

reduced compared with the control cells (Fig. S5C and D). Next, CT26-Il6KO cells were 

injected into Il6+/+ and Il6-/- mice. We confirmed that the metastatic colonization of 

CT26-Il6KO cells in the livers of Il6-/- mice was significantly reduced compared with 

those of Il6+/+ mice (Fig. 1J and K). These findings suggest that IL-6 produced from the 

tumor-bearing host as well as CT26 cancer cells facilitates the metastatic colonization 

of colon cancer cells in vivo.  

 

Maturation of CD11c+ DCs and killer functions of CD8+ T cells are enhanced in 

the liver metastases of Il6-/- mice 
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Next, we examined the immune status of mice with CT26 colon cancer cell metastatic 

colonization. CD11c+ and CD3+ cells were accumulated in the tumorous regions of liver 

tissue (Fig. 2A). Furthermore, I-AdhighCD11c+ mature DCs and CD44highCD62L− 

effector memory CD8+ T cells had infiltrated into the CT26-bearing liver tissue of Il6−/− 

mice to a greater degree than that in Il6+/+ mice (Fig. 2B). Il12a, Ib12b, Ifna, and Ifnb 

expression in CD11c+ cells isolated from the liver metastases of Il6−/− mice were higher 

than those of Il6+/+ mice, whereas Arg1 and Il10 expression in Il6+/+ mice was higher 

than that in Il6−/− mice (Fig. 2C). The cytotoxicity of immune cells collected from the 

liver tissue of Il6−/− mice was higher than that of Il6+/+ mice (Fig. 2D). Next, we confirmed 

that both perforin and granzyme B levels in CD8+ T cells that had infiltrated into the 

liver metastases of Il6−/− mice were significantly higher than those of Il6+/+ mice (Fig. 

2E). These data suggested that the functions of anti-tumor effector cells including 

mature CD11c+ DCs and CD8+ killer T cells were augmented in the CT26-bearing liver 

tissue of Il6-/- mice. 

 

IL-12-mediated activation of CD8+ killer T cells is involved in the reduction of 

metastatic colonization of CT26 colon cancer cells in the liver tissue of Il6-/- mice 

We then investigated the anti-tumor effector cells in this model. In vivo injection of 

clodronate liposomes into Il6−/− mice to deplete phagocytes including DCs and 
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macrophages significantly enhanced the metastatic colonization of CT26 colon cancer 

cells in the liver (Fig. 3A–C). The depletion enhanced the metastatic colonization in the 

livers of Il6+/+ mice (Fig. S6A-C), however the difference was much more pronounced 

in the Il6−/− setting. In addition, the depletion of CD8+ T cells by the administration of 

anti-CD8 mAb significantly increased the metastatic colonization of CT26 cells in the 

livers of Il6−/− mice (Fig. 3D–F), whereas the depletion did not significantly increase in 

the livers of Il6+/+ mice (Fig. S6D–F). To address the contribution of CD4+ T cells to this 

effect, anti-CD4 mAb was administered to the Il6−/− liver metastasis model. The 

depletion of CD4+ T cells reduced the liver metastasis of CT26 cells in Il6−/− mice (Fig. 

S7A–C). We then injected anti-CD4 mAb into Il6+/+ mice and found that the depletion 

of CD4+ T cells significantly reduced the metastatic colonization of CT26 cells in the 

liver (Fig. S7D–F). Furthermore, we confirmed that the in vivo injection of anti-CD4 

mAb into Il6+/+ mice significantly enhanced the infiltration of I-AdhighCD11c+ mature DCs, 

CD44highCD62L− effector memory CD8+ T cells, and perforin-positive CD8+ T cells into 

liver metastases (Fig. S7G and H). These results suggest that CD8+ T cells are 

required for the suppression of metastatic colonization of the livers of Il6-/- mice. 

In addition, we found that IL-6-deficient conditions augmented both Il12a and 

Il12b expression levels in CD11c+ cells in metastatic regions within liver tissue (Fig. 

2C). Previous reports indicated that IL-12 production by mature DCs induced anti-
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tumor effector cells through cell–cell interactions in tumor-bearing hosts (17, 18). To 

investigate the effect of IL-12 production on metastatic colonization in the livers of Il6-

/- mice, we administered anti-IL-12 mAb to Il6−/− mice and observed significantly 

enhanced metastatic colonization of intrasplenically injected CT26 cells in the liver (Fig. 

3G–I), whereas the depletion did not enhance in the livers of Il6+/+ mice (Fig. S6D-F). 

We also noted the accumulation of CD11c+ and CD3+ cells in liver metastases (Fig. 3J) 

and confirmed that the infiltration of I-AdhighCD11c+ mature DCs and CD44highCD62L- 

effector memory CD8+ T cells was significantly reduced by the administration of anti-

IL-12 mAb to Il6−/− mice (Fig. 3K). The administration of anti-IL-12 mAb significantly 

reduced the cytotoxicity of immune cells, as well as the levels of perforin and granzyme 

B in CD8+ T cells in liver metastases compared with Il6-/- mice injected with control 

antibody (Fig. 3L and M). These results indicated that augmented IL-12 production in 

the liver tissue of Il6-/- mice was related to the enhanced anti-tumor effector function of 

CD8+ T cells to prevent metastatic colonization in tumor-bearing hosts.  

 

Metastatic colonization is reduced by augmenting type I IFN signaling through 

IFN-AR1, which upregulates MHC class I and PD-L1 in colon cancer cells in Il6-/- 

mice 

Ifna and Ifnb expression levels in CD11c+ DCs were enhanced in the tumor-bearing 
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livers of Il6-/- mice (Fig. 2C). To confirm the involvement of type I IFN production in the 

reduction of metastatic colonization, we injected anti-IFN-AR1 antagonistic mAb into 

the liver metastatic colonization Il6−/− mouse model. The blockade of type I IFN 

signaling through IFN-AR1 elevated the metastatic colonization of CT26 colon cancer 

cells in the livers of Il6−/− mice (Fig.4A-C). We confirmed that the surface level of H-

2Kd, an MHC class I molecule, on CT26 colon cancer cells was significantly increased 

after stimulation with IFN-α and IFN-β in a STAT-1 dependent manner in vitro (Fig. 4D). 

Previous studies reported that stimulation with IFN-γ upregulated surface PD-L1 and 

MHC class I levels on cancer cells (19-21). In this study, we found that stimulation with 

IFN-α and IFN-β augmented the surface level of PD-L1 on CT26 colon cancer cells 

(Fig. 4E). The upregulation of PD-L1 expression was partially blocked by a STAT1 

inhibitor, and immunohistochemical analysis revealed that STAT1 was activated in the 

tumor sites of Il6−/− mice (Fig. 4F). Flow cytometry data showed that the levels of 

phospho-STAT1 in CT26 cells in the liver metastases of Il6−/− mice were significantly 

higher than in Il6+/+ mice (Fig. 4G). Furthermore, we confirmed that surface PD-L1 and 

MHC class I levels on CT26 cells in the liver metastases of Il6−/− mice were significantly 

higher compared with Il6+/+ mice (Fig. 4H). These findings suggested that type I IFN 

signaling was upregulated in the liver tissue of Il6−/− mice to activate antitumor immunity, 

which also resulted in the induction of PD-L1 as well as MHC class I expression on 
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colon cancer cells in tumor-bearing states.  

 

In vivo injection of anti-PD-L1 mAb augments anti-tumor immunity in the livers 

of Il6-/- mice 

To examine the effect of PD-L1 induction on liver metastatic CT26 cells in Il6−/− mice, 

we injected anti-PD-L1 mAb into our mouse model. The administration of anti-PD-L1 

mAb significantly reduced the metastatic colonization of CT26 cells in the liver tissue 

of Il6−/− mice at 19 days after inoculation (Fig. 5A–C). Furthermore, we observed the 

accumulation of CD11c+ and CD3+ cells in metastatic regions in liver tissue (Fig. 5D) 

and confirmed that the infiltration of I-AdhighCD11c+ mature DCs and CD44highCD62L- 

effector memory CD8+ T cells was significantly increased by the administration of anti-

PD-L1 mAb into Il6−/− mice (Fig. 5E). Treatment with anti-PD-L1 mAb enhanced the 

cytotoxicity of immune cells as well as the levels of perforin and granzyme B in CD8+ 

T cells that had infiltrated the liver metastases when compared with control antibody 

(Fig. 5F and G). Furthermore, the survival of CT26-bearing Il6−/− mice was significantly 

prolonged by the administration of anti-PD-L1 mAb compared with control IgG-treated 

mice (Fig. 5H). We then examined the effect of anti-PD-L1 mAb on our metastatic 

colonization model using Il6+/+ mice. We found that PD-L1 blockade did not reduce the 

metastatic colonization of CT26 cells in the livers of Il6+/+ mice (Fig. S8A–F). These 
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findings suggested that a lack of IL-6 under tumor-bearing conditions augmented anti-

tumor immunity involving PD-L1 induction in cancer cells, and facilitated immune 

checkpoint inhibition therapy using anti-PD-L1 mAb to prevent the liver metastasis of 

colon cancer cells.  

 

IL-6 expression in the primary tumor sites of CRC patients correlates with 

disease-free survival in both PD-L1-positive and -negative cases 

Finally, we conducted an immunohistochemical study on the IL-6 and PD-L1 levels in 

the tumor tissues of CRC patients (Supplementary Table S1). As described in the 

Materials and Methods, 108 cases of CRC were stratified according to negative and 

positive expression of IL-6 and PD-L1 (Fig. 6A). Statistical analysis revealed that 

disease-free survival (DFS) was significantly prolonged in IL-6-negative patients (n = 

55) compared with IL-6-positive patients (n = 53) (P = 0.006) (Fig. 6B and 

Supplementary Table S2). However, PD-L1-positive patients (n = 71) had relatively 

unfavorable DFS (P = 0.051) compared with PD-L1-negative patients (n = 37) (Fig. 6B 

and Supplementary Table S2). We confirmed that IL-6 positivity in both PD-L1-negative 

patients (n = 39) and PD-L1-positive patients (n = 14) was associated with significantly 

unfavorable DFS compared with IL-6 negativity in both PD-L1-negative patients (n = 

32, P = 0.041) and PD-L1-positive patients (n = 23, P = 0.009) (Fig. 6C). To evaluate 
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IL-6 expression as an independent prognostic factor, we performed a univariate 

analysis of the 108 CRC patients using the Cox proportional hazards model. We found 

that pathological T stage, N stage, lymphatic and venous invasion, CEA, CA19-9, and 

IL-6 were significantly correlated with recurrence. Multivariate analysis confirmed IL-6 

was a significant predictor of DFS (relative risk 1.958, 95% CI, 1.004–3.999, P = 0.049) 

(Supplementary Table S2). Furthermore, we conducted an immunohistochemical study 

of IL-6 and PD-L1 levels in the liver metastases of CRC patients. Fifty-seven liver 

metastases samples from CRC patients were stratified by the negative and positive 

expression of IL-6 and PD-L1 (Fig. S9A). Statistical analysis revealed that DFS did not 

significantly differ between IL-6-negative (n = 22) and IL-6-positive (n = 35) patients (P 

= 0.929) (Fig. S9B). Moreover, DFS was not significantly prolonged in PD-L1-negative 

patients (n = 31) compared with PD-L1-positive patients (n = 26) (P = 0.446) (Fig. S9B). 

These data suggest that IL-6 expression in the primary tumor sites of CRC is 

associated with the recurrence of CRC cells including liver metastasis. 
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Discussion 

CRC, a common cancer worldwide, has a high recurrence rate after surgery that 

remains to be resolved (13, 14). Because liver metastasis is a major cause of CRC-

associated deaths (22), elucidation of the precise mechanism involved in liver 

metastasis is required for more effective treatment of patients with CRC. Our results 

indicate that IL-6 modulates the immune status of the tumor microenvironment, which 

facilitates metastatic colonization of colon cancer cells in the liver by causing the 

dysfunction of anti-tumor effector cells. 

It was reported that chronic inflammation is closely related to tumorigenesis and 

cancer progression (23-25). Previous studies revealed that high levels of serum IL-6, 

a major proinflammatory cytokine, are associated with poor prognosis in metastatic 

colon cancer patients (26) and refractoriness to treatments for carcinomas (27, 28). 

Furthermore, IL-6 augmented growth and epithelial-mesenchymal transition, 

metastatic spread (29-30), tumor angiogenesis, and the renewal and drug resistance 

of some cancer stem cells (31-33). In the current study, we revealed that IL-6 produced 

in a tumor-bearing host promoted the metastatic colonization of colon cancer cells by 

suppressing anti-tumor immunity. From these findings, we speculate that IL-6 has a 

critical role in anti-tumor immunity by controlling the metastasis of cancer cells in vivo. 

In our metastatic colonization model, we found that depletion of CD4+T cells 
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enhanced anti-tumor effect in Il6+/+ mice, however the efficacy was limited in Il6−/− mice. 

A previous paper revealed that CD4+ T cells in lymph nodes and tumor-infiltrating 

CD4+T and CD8+T cells preferentially produced IFN-γ in CT26 intradermally-injected 

Il6−/− mice compared with Il6+/+ mice (21). It is well-known that IFN-γ suppresses the 

differentiation and function of Treg cells. Together with the data in this study, we 

speculated that immunosuppressive Treg cells may not function in Il6−/− mice, whereas 

Treg cells were generated in Il6+/+ mice in our metastatic colonization model.  

We found that Il12 expression in CD11c+ DCs as well as the killer function of 

CD8+ T cells were augmented under IL-6-deficient mice in our liver metastatic 

colonization model (Fig. 2C). IL-12 is a critical cytokine that mediates anti-tumor effects 

by activating both NK cells (34) and cytotoxic CD8+ T lymphocytes (35). Tumor gene 

therapy with Il12 was effective for colorectal liver metastasis treatment in an 

experimental mouse model (36). In our model using IL-6-deficient mice, the 

neutralization of IL-12 significantly enhanced the metastatic colonization of colon 

cancer cells and suppressed the killer function of tumor-infiltrating CD8+ T cells in the 

liver (Fig. 3G–M). Previous studies demonstrated that IL-6 suppressed the maturation 

of DCs, resulting in a reduction in antigen presentation that is normally required for the 

induction of antigen-specific T cells (8, 12). Therefore, we speculate that IL-6 

production in tumor-bearing hosts suppresses IL-12 production by DCs, which is 
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essential for the activation of anti-tumor effector T cells, and that this promotes the 

subsequent metastatic colonization of colon cancer cells in the liver. 

In this study, we found that Ifna and Ifnb expression in CD11c+ cells and the 

surface level of MHC class I of colon cancer cells were enhanced in the liver tissues 

of our metastatic colonization model using Il6-/- mice (Fig. 2C and 4H). A previous study 

using mouse models indicated that CRC colonization in the liver was suppressed by 

Ifna gene and cell therapies (37). In our study, blockade of IFN-AR1-mediated type I 

IFN signaling led to an increase in metastatic colonization in the livers of Il6-/- mice (Fig. 

4A–C). Therefore, we hypothesize that IL-6 produced in tumor-bearing hosts 

suppresses the production of type I IFNs by host cells including DCs and reduces the 

levels of MHC class I expression on cancer cells. This in turn promotes the metastatic 

colonization of colon cancer cells by reducing the recognition of target cancer cells by 

anti-tumor effector T cells.  

Previous studies reported that stimulation with IFN-γ upregulated surface PD-L1 

and MHC class I levels on cancer cells (19-21). In our experiments, in vitro stimulation 

with IFN-α and IFN-β increased the surface levels of PD-L1 as well as MHC class I on 

CT26 colon cancer cells (Fig. 4D and E). Furthermore, we confirmed that a lack of IL-

6 in tumor-bearing hosts enhanced IFN-AR1-mediated type-I IFN signaling and 

augmented PD-L1 levels on CT26 colon cancer cells (Fig. 4F–H), whereas metastatic 
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colonization was significantly reduced compared with IL-6-sufficent conditions (Fig. 

1E–H, J, and K). Our previous study indicated that anti-tumor effector cells including 

CD8+ T cells accumulated at higher levels in the tumor tissue of IL-6-deficient mice 

(21). From these data, we speculated that administration of anti-PD-L1 mAb might be 

more effective at inhibiting the metastatic colonization of colon cancer cells in the livers 

of Il6-/- mice that caused the upregulation of PD-L1 expression in an IFN-α/β-IFN-AR1-

dependent manner. As expected, metastatic colonization was significantly inhibited by 

treatment of Il6-/- mice (Fig. 5) with anti-PD-L1 mAb, but not Il6+/+ mice (Fig. S8), 

whereby a lack of IL-6 led to the activation of anti-tumor effector T cells that prolonged 

the survival rate of the mice. 

When choosing the optimum therapy for cancer patients, it is important to 

evaluate their immune status (38). In our study using clinical specimens from CRC 

patients, low IL-6 levels in primary tumor tissues (PD-L1-negative and -positive tumors) 

were significantly associated with good DFS, suggesting that such cases had a 

beneficial anti-tumor immune status (Fig. 6 and Supplementary Table S2). A recent 

study reported that high PD-L1 levels on tumor cells negatively affected the survival of 

CRC patients (39). Other reports indicated that high levels of PD-L1 in colorectal 

carcinoma (40-42) and other cancer types (43-45) were associated with significantly 

improved survival. Therefore, the relationship between PD-L1 level and the survival of 
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CRC patients remains controversial (46). Based on previous reports and our findings 

in the present study, we speculated that IL-6 levels in primary tissues might be a good 

marker to evaluate the immune status of both PD-L1-negative and -positive CRC 

patients, which may provide useful information for determining the type of cancer 

therapy required, such as immune checkpoint inhibitors targeting PD-1/PD-L1, and for 

the prognosis of recurrent tumors including liver metastasis. 

In terms of therapeutic effects, a previous report demonstrated that the targeted 

inhibition of IL-6 enhanced the efficacy of anti-PD-L1 antibody in murine models of 

pancreatic cancer (47). A recent clinical study using an anti-IL-6R mAb, tocilizumab, 

with carboplatin/doxorubicin and IFN-α2b was conducted in patients with recurrent 

epithelial ovarian cancer (48). They reported that myeloid cells in IL-6R mAb-treated 

patients produced more IL-12 and that T cells were highly activated and secreted large 

amounts of effector cytokines, indicating a beneficial change in the anti-tumor immune 

status of the human subjects. The results of our metastatic colonization model with IL-

6-deficient mice are consistent with these findings. However, a limitation to our 

metastasis model is that it does not fully reflect multistep process of metastasis 

because this is an experimental colonization assay which could skip the process in 

which cancer cells detached from the primary site intravasate into vessels. 

In conclusion, IL-6 from tumor-bearing hosts suppresses the effective induction 
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of anti-tumor immunity and promotes the colonization of metastasis in cancerous liver 

lesions. Lack of IL-6 augments the effector functions of DCs and killer T cells that 

infiltrate tumor microenvironments. From these results, we speculate that the IL-6 

signaling cascade might be a new target to regulate the liver metastasis of colon cancer 

cells in CRC patients through the augmentation of anti-tumor effector cells. 
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Figure legends 

Figure 1. In vivo reduction of metastatic colonization of colon cancer cells in the 

livers of Il6-/- mice. GFP-transfected CT26 murine colon cancer cells (2×105) were 

intrasplenically inoculated into wild-type (Il6+/+) and Il6−/− BALB/c mice (day 0). A, 

Experimental scheme is shown. B, Sera were collected from normal and liver 

metastatic colonization model mice. Serum IL-6 levels (n = 9–10, cumulative results 

from three independent experiments) are shown. C and D, Serum AST and ALT levels 

in liver metastatic colonization model mice (n = 7, cumulative results from two 

independent experiments) and liver and total body weights (n = 4, two independent 

experiments) were measured. Percentages of liver weight per total body weight were 

calculated. E, HE staining of liver tissues was performed. G, Metastatic colonization in 

liver tissue was evaluated using an in vivo imaging system at day 14. Representative 

images of normal liver and GFP-expressing CT26 cell-bearing livers are shown. H, 

Photon flux ratios were determined from images of liver metastatic colonization model 

mice (n = 4, three independent experiments). I, The survival rate of liver metastatic 

colonization model mice was monitored for 60 days and the percentage survival rate 

(n = 11, two independent experiments) is shown. J, CT26-Il6KO cells (2×105) were 

intrasplenically inoculated into Il6+/+ or Il6−/− BALB/c mice (day 0). HE staining of liver 

tissue was performed at 21 days after inoculation (two independent experiments). 
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Representative micrographs are shown. Bars in the images represent 500 µm (E and 

J). Ratios of tumor area relative to total liver tissue area were calculated by ImageJ 

software (F and K). Means and SDs of the data from four independent mice are shown 

(F, H, and K). *P < 0.05 by Dunnett's test (B), Student’s t-test (C, D, F, H and K) and 

log-rank test (I). 

 

Figure 2. Accumulation of mature DCs and effector memory-type CD8+ T cells in 

liver metastases of Il6-/- mice. GFP-transfected CT26 murine colon cancer cells 

(2×105) were intrasplenically inoculated into Il6+/+ or Il6−/− mice (day 0). A, IHC staining 

of liver tissue was performed to evaluate CD11c and CD3 levels at day 14. 

Representative micrographs are shown. Bars represent 200 µm. B, Whole cells were 

collected from liver tissues of CT26 tumor-bearing Il6+/+ or Il6−/− mice at day 14. Surface 

expression levels of CD11c, I-Ad, CD44, CD62L, and CD8 on 7-AAD-CD45+ cells were 

evaluated by flow cytometry. The representative data for CD11chighI-Adhigh DCs and 

CD44+CD62L-CD8+ T cells are shown in the figures. Percentages of CD11chighI-Adhigh 

cells and CD44+CD62L-CD8+ cells relative to total CD45+ cells were calculated and the 

means and SDs (n = 3–4, three independent experiments) are indicated. *P < 0.05 by 

Student’s t-test. C, Relative expression of Il12a, Il12b, Ifna, Ifnb, Arg1, and Il10 relative 

to Actb in CD11c+ DCs from liver tissues were evaluated and the means and SDs (n = 
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3–10, two to three independent experiments) are shown. *P < 0.05 by Student’s t-test. 

D, Percentage cytotoxicity of immune cells obtained from tumor-bearing liver tissues 

against CT26 cells as evaluated by flow cytometry. Means and SDs (n = 4, three 

independent experiments) are shown. *P < 0.05 vs. Il6+/+. E, Perforin and granzyme B 

levels in CD8+ T cells from liver tissues were determined by flow cytometry at day 14. 

∆MFIs of perforin and granzyme B relative to each isotype control are shown. Means 

and SDs (n = 5–7, cumulative results from three independent experiments) are shown. 

*P < 0.05 by Student’s t-test. 

 

Figure 3. IL-12 and CD8+ effector T cells reduce metastatic colonization in the 

livers of Il6 − / −  mice. GFP-transfected CT26 cells (2×105) were intrasplenically 

inoculated into control liposome-, clodronate liposome-, control IgG-, anti-CD8 mAb, 

or anti-IL-12 mAb-treated Il6−/− mice (day 0). A, D, and G, HE staining of liver tissue 

was performed at 14 days after inoculation. Representative micrographs are shown. 

Bars represent 500 µm. B, E, and H, Metastatic colonization of GFP-expressing CT26 

cells in the liver were evaluated by an in vivo imaging system at day 14. Representative 

images are shown. C, F, and I, Photon flux ratios were evaluated from the images (n 

= 4–6, three independent experiments) and the means and SDs are shown. *P < 0.05 

by Student’s t-test. J, IHC was performed to evaluate CD11c and CD3 levels at day 14. 



46 
 

Representative micrographs are shown. Bars represent 200 µm. K, Whole cells were 

collected from liver tissues of control IgG- or anti-IL-12-mAb-treated CT26 tumor-

bearing Il6−/− mice at day 14. Surface expression levels of CD11c, I-Ad, CD44, CD62L, 

and CD8 on 7-AAD-CD45+ cells were evaluated by flow cytometry. The representative 

data for CD11chighI-Adhigh DCs and CD44+CD62L-CD8+ T cells are shown in the figures. 

Percentages of CD11chighI-Adhigh cells and CD44+CD62L-CD8+ cells relative to total 

CD45+ cells were calculated and the means and SDs (n = 4, two independent 

experiments) are indicated. *P < 0.05 by Student’s t-test. L, Percentage cytotoxicity of 

immune cells obtained from liver tissues against CT26 cells was evaluated by flow 

cytometry. Means and SDs (n = 3, two independent experiments) are shown. *P < 0.05 

vs. corresponding control IgG group by Student’s t-test. M, Perforin and granzyme B 

levels in CD8+ T cells from the liver were determined by flow cytometry at day 14. 

∆MFIs against each isotype control were calculated. Means and SDs (n = 3, two 

independent experiments) are shown. *P < 0.05 by Student’s t-test.  

 

Figure 4. Upregulation of interferon α/β-STAT1 signaling and induction of PD-L1 

expression on colon cancer cells in tumor-bearing Il6−/− mice. GFP-transfected 

CT26 cells were intrasplenically inoculated into control IgG- or anti-IFN-AR1 mAb- 

treated Il6−/− mice (day 0). A, HE staining of the liver was performed at 14 days after 
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inoculation. Representative micrographs are indicated. Bars represent 500 µm. B, 

Metastatic colonization of GFP-expressing CT26 cells in the liver was evaluated by an 

in vivo imaging system at day 14. C, Photon influx ratios were calculated (n = 4, three 

independent experiments). *P < 0.05 by Student’s t-test. D and E, CT26 cells were 

stimulated with IFN-α and IFN-β in the presence or absence of a STAT1 inhibitor for 

24 h in vitro. Surface levels of H-2Kd and PD-L1 on CT26 cells were evaluated by flow 

cytometry. Representative data are shown. ∆MFIs against isotype controls were 

calculated (n = 3, three independent experiments). *P < 0.05 by Dunnett's test. F, IHC 

staining of the liver was performed to evaluate phospho (Tyr701)-STAT1. 

Representative micrographs are shown. Bars represent 200 µm. G, Phospho-STAT1 

expression levels on GFP+CD45- CT26 cells were determined by flow cytometry at day 

14. ∆MFIs of phospho-STAT1 expression against each isotype control were calculated 

(n = 3–5, two independent experiments). *P < 0.05 by Student’s t-test. H, Surface levels 

of H-2Kd and PD-L1 on GFP+CD45- CT26 cells obtained from livers at day 14 were 

evaluated by flow cytometry. Representative data are shown. ∆MFIs were calculated 

(n = 3–4, three independent experiments). *P < 0.05 by Student’s t-test. Means and 

SDs are shown (C–E, G, and H). 

 

Figure 5. Augmentation of the anti-tumor effect of PD-L1 blockade on metastatic 
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colonization in the livers of Il6-/- mice. GFP-transfected CT26 cells were 

intrasplenically inoculated into Il6−/− mice (day 0). Control IgG or anti-PD-L1 mAb were 

injected intraperitoneally into Il6−/− mice at day 5 and then every 4 days thereafter. A, 

HE staining of liver tissue was performed at 19 days after inoculation. Representative 

micrographs are indicated. Bars represent 500 µm. B, Metastatic colonization at day 

19 was evaluated with an in vivo imaging system. C, Photon flux ratios were evaluated 

(n = 3–4, two independent experiments). *P < 0.05 by Student’s t-test. D, IHC staining 

of liver tissue was performed for CD11c and CD3. Representative micrographs are 

shown. Bars represent 200 µm. E, Whole cells were collected from liver tissues of 

control IgG- or anti-PD-L1-mAb-treated CT26 tumor-bearing Il6−/− mice at day 14. 

Surface expression levels of CD11c, I-Ad, CD44, CD62L, and CD8 on 7-AAD-CD45+ 

cells were evaluated by flow cytometry. The representative data for CD11chighI-Adhigh 

DCs and CD44+CD62L-CD8+ T cells are shown in the figures. Percentages of 

CD11chighI-Adhigh cells and CD44+CD62L-CD8+ cells relative to total CD45+ cells were 

calculated and the means and SDs (n = 4, two independent experiments) are indicated. 

*P < 0.05 by Student’s t-test. F, Percentage cytotoxicity of immune cells from the liver 

against CT26 cells was evaluated by flow cytometry (n = 3, two independent 

experiments). *P < 0.05 vs. control IgG group. G, Perforin and granzyme B levels in 

CD8+ T cells from the liver were determined by flow cytometry and the ∆MFIs were 
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calculated (n = 3, two independent experiments). *P < 0.05 by Student’s t-test. H, The 

survival rate of mice (n = 24, two independent experiments) was monitored for 40 days 

and the percentage survival is shown. *P value was determined by the log-rank test. I, 

Proposed model of the present study. Mean and SDs are shown (C and E–G). 

 

Figure 6. Correlation between IL-6 expression in primary tumor tissues and DFS 

of PD-L1-negative and PD-L1-positive CRC patients. IHC of primary tumor tissues 

of CRC patients (n = 108) was conducted to evaluate IL-6 and PD-L1 levels using anti-

IL-6 and anti-PD-L1 antibodies, respectively. A, Representative micrographs of tumor 

tissues from IL-6-positive and -negative and PD-L1-positive and -negative patients are 

shown. Bars in the images represent 100 µm. B, Kaplan-Meier estimates of DFS for 

108 CRC patients stratified into two groups: IL-6-negative (55 patients) or IL-6-positive 

(53 patients) and PD-L1-negative (71 patients) or PD-L1-positive (37 patients). C, 

Kaplan-Meier estimates of DFS for 71 PD-L1-negative CRC patients stratified into two 

groups: IL-6-negative (32 patients) or IL-6-positive (39 patients). Kaplan-Meier 

estimates of DFS for 37 PD-L1-positive CRC patients stratified into two groups: IL-6-

negative (23 patients) or IL-6-positive (14 patients).  
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