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Abstract

AIM: To study the inflammatory microenvironment and expression of chemokines in hepatocellular carcinoma (HCC) in nude mice. 

METHODS: CBRH-7919 HCC cells were injected into the subcutaneous region of nude mice. Beginning two weeks after the challenge, tumor growth was measured every week for six weeks. The stromal microenvironment and inflammatory cell infiltration was assessed by immunohistochemistry in paired tumor and adjacent peritumoral samples, and macrophage phenotype was assessed using double-stain immu​nohistochemistry incorporating expression of an intracellular enzyme. A chemokine PCR array, comprised of 98 genes, was used to screen differential gene expressions, which were validated by Western blotting. Additionally, expression of identified chemokines was knocked-down by RNA interference, and the effect on tumor growth was assessed.

RESULTS: Inflammatory cell infiltrates are a key feature of adjacent peritumoral tissues with increased macrophage, neutrophil, and T cell (specifically helper and activated subsets) infiltration. Macrophages within adjacent peritumoral tissues express inducible nitric oxide synthase, suggestive of a proinflammatory phenotype. Fifty-one genes were identified in tumor tissues during the progression period, including 50 that were overexpressed (including CXCL1, CXCL2 and CXCL3) and three that were underexpressed (CXCR1, Ifg and Actb). RNA interference of CXCL1 in the CBRH-7919 cells decreased the growth of tumors in nude mice and inhibited expression of CXCL2, CXCL3 and interleukin-1 protein. 

CONCLUSION: These findings suggest that CXCL1 plays a critical role in tumor growth and may serve as a potential molecular target for use in HCC therapy. 
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Core tip: An orthotopic transplantation tumor model of hepatocellular carcinoma (HCC) with CBRH-7919 cells was established. Inflammatory cell infiltration and macrophage phenotype were assessed by immunohistochemistry. A chemokine PCR array was used to identify differentially expressed genes, and tumor growth was assessed after knockdown with RNA interference. This study describes the inflammatory microenvironment and differential expression of chemokines in hepatocellular carcinoma. The data suggest that CXCL1 plays a critical role in tumor growth and may serve as a potential molecular target for use in HCC therapy.

INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most common tumors worldwide, and the fifth leading cause of cancer-related deaths[1,2] due to its rapid growth, early metastasis, and relationships with chronic hepatitis. At the time of diagnosis, surgical resection remains the most effective treatment for early disease. However, more than 75% of patients relapse within five years, and the overall survival for HCC patients has not yet been improved[3]. 

Recent studies have indicated that the tumor inﬂam​matory microenvironment plays an essential role in the progression of HCC. The tumor microenvironment plays a critical role in modulating the process of liver ﬁbrosis, hepatocarcinogenesis, epithelial-mesenchymal transition, tumor invasion and metastasis[4-8]. The tumor microenvironment consists of: (1)hepatic stellate cells, ﬁbroblasts, immune cells (including regulatory and cytotoxic T cells and tumor-associated macrophages), and endothelial cells; (2) growth actors (including transforming growth factor [TGF]-1 and platelet-derived growth factor); (3) proteolytic enzymes (such as matrix metalloproteinases and tissue inhibitor of metalloproteinases); and (4) extracellular matrix proteins and inﬂammatory cytokines. These play a critical role in HCC development, tumor control and response to treatment[9,10]. 

The aim of this study was to elucidate the mechanisms that underlie chronic inflammation in HCC disease progression in order to identify potential therapeutic targets. We also discuss the current understanding of each component of the tumor microenvironment and their roles in the pathogenesis of HCC. Thus, understanding the inflammatory microenvironment is critical to promote understanding of the molecular, cellular and pathophysiological mechanisms of HCC, and is essential for the development of new therapeutic strategies. Nevertheless, to date, the inflammatory microenvironment and differential expression pattern of chemokines in hepatocellular carcinoma is still not clear. 

In this study, infiltration of inflammatory cells in the stromal microenvironment was assessed by immunohistochemistry in paired tumor and adjacent peritumoral samples. Macrophage phenotype was assessed using double-staining immunohistochemistry, incorporating expression of an intracellular enzyme. PCR array analysis was used to evaluate the expression profiles of chemokines and their receptors in subcutaneous CBRH-7919 cell xenograft tumors[11] and peritumoral tissues. The expression of chemokines identified by the PCR array were verified by Western blotting and immunohistochemistry. Additionally, knockdown of chemokines by RNA interference (RNAi) was used to assess the effect on tumor growth.

MATERIALS AND METHODS
Cell cultures

The human hepatocellular carcinoma cell line CBRH-7919 (Chinese Academy of Science, Shanghai, China) was used in this study. Cells were cultured at 37 ℃ in a humidified atmosphere with 5% CO2 in Dulbecco’s modified Eagle’s medium (DMEM; Gibco of Thermo Fisher Scientific, Waltham, MA, United States) supplemented with 10% fetal bovine serum, 100 mg/mL penicillin G, and 50 g/mL streptomycin (Life Technologies of Thermo Fisher Scientific).

Animal model

Male Balb/c nude mice were obtained from Laboratory Animal Service Center of the Medical College of Shanghai. All mice were maintained under specific pathogen free conditions and had free access to sterilized food and autoclaved water. These experimental procedures were approved by the Animal Ethics Committee of Shanghai University of Traditional Chinese Medicine.

Male Balb/c nude mice (4 wk of age, 15-18 g) were subcutaneously injected with 0.1 mL of a CBRH-7919 cell suspension (1 × 107 cells) using a 21-gauge needle. Mice were observed after two weeks, and their tumors were excised, weighed, and measured. A portion of the tumor tissue was fixed in 10% formalin for subsequent histologic examination, and the remaining tissue was snap frozen in liquid nitrogen and stored at -70 ℃ for molecular studies.

Observation of inflammatory cell infiltration and macrophage phenotype
Inflammatory cell phenotype was assessed by immunohistochemistry on three tumor tissues and adjacent normal biopsies. Tissue was stained using the Envision+ biotin-free system[12] incorporating either the Envision+ peroxidase-linked biotin-free system (K5007) or CSA Ⅱ biotin-free tyramide signal amplification (K1497; Dako of Agilent Technologies, Santa Clara, CA, United States) depending on antibody requirements. One microscopic high-powered field (HPF) from each sample was digitally imaged (× 640 magnification) with normal tissue as representative of tissue type, distinct from the area of most positive staining. The number of positive cells was counted to give a score of inflammatory cellular infiltrate. 

Macrophage phenotype was also assessed in three pairs of tumor and adjacent tissue biopsies as described above. A double-stain immunohistochemical technique was used, incorporating detection of an intracellular enzymatic marker of macrophage function, namely [inducible nitric oxide synthase (iNOS), a proinflammatory classically activated macrophage) or arginase I (alternatively activated macrophage][13,14], identified by peroxidase-linked immunoreactivity. The area of most positive macrophage infiltration within one HPF (× 680 magnification), distinct from lymphoid aggregation, was identified under fluorescent light at 580 nm using a Texas red filter set and digitally imaged, and also captured under standard optical light. The two images were imported into Corel-Paint X3 (version 13; Corel Corp., Ottawa, CA) to assess macrophage infiltrate. 

Histologic evaluation

Formalin-fixed tumors were embedded in paraffin, and 4 m sections were cut and stained with hematoxylin and eosin (HE).

Isolation of total RNA

HCC tissue samples were dissolved with 1 mL of Trizol reagent (Invitrogen of Thermo Fisher Scientific) and homogenized; the sample volume did not exceed 10% of the volume of Trizol reagent. The homogenized samples were incubated at 15-30 ℃ for 5 min in clear polypropylene tubes to permit the complete dissociation of nucleoprotein complexes. Chloroform (0.2 mL) was added to the tube. After vigorous shaking, the mixture was incubated again at 15-30 ℃ for 2-3 min. After centrifugation at 12000 × g for 15 min at 4 ℃, the RNA in the aqueous phase was moved to a fresh RNA-free tube and mixed with 0.5 mL isopropyl alcohol. The samples were incubated at 15-30 ℃ for 10 min and centrifuged at 12000 × g for 10 min at 4 ℃. The supernatant was removed and the RNA pellet was washed once with 75% ethanol, redissolved in RNase-free water, and stored at -70 ℃. All samples were treated with MinElute (Qiagen, Vinlo, Netherlands) to remove residual DNA. The quality of the RNA was analyzed on an RNA chip by means of a bioanalyzer (model 2100; Agilent Technologies); the 260/280 ratio of array-tested RNA was 1.8-2.0.

OligoDNA microarray analysis
Files were extracted from Agilent Feature Extraction Software (version 9.5.3) and imported into the Agilent GeneSpring GX software (version 7.3 or later) for further analysis. The microarray datasets were normalized in GeneSpring GX using the Agilent FE one-color scenario (mainly median normalization). The positive effect of this median normalization is illustrated in a box-plot, and genes marked present (“All Targets Value”) were chosen for data analysis. Finally, a fold-change analysis was carried out by calculating the ratio between the treatment and the control to identify differentially expressed genes. A cutoff value of twofold change was used; genes with expression levels that differed by at least twofold from the mean in at least one sample were selected for further evaluation. The gene expression profiling data complied with the Minimum Information About Microarray Experiments standard. The microarray experiment was completed by Shanghai KangChen Bio-tech Company (Shanghai, China).

Immunohistochemistry

Paraffin blocks were cut (6 m sections), and sections were deparaffinized followed by antigen retrieval using citric acid buffer (pH 6.0, 95 ℃ for 15 min). Slides were treated with 3% hydrogen peroxide in methanol to block endogenous peroxidase activity. After 20 min of blocking in 1% bovine serum albumin (BSA), the slides were incubated overnight at 4 ℃ with anti-human CXCL1 (Ab86436), CXCL2 (Ab25130), CXCL3 (Ab10064), and CXCR1 (Ab60254) antibodies (all goat polyclonal antibodies, 1:250 in 1% BSA; Abcam, Cambridge, United Kingdom). Next, the slides were incubated with 2 g/mL of biotinylated anti-goat IgG secondary antibody (Vector Laboratories, Burlingame, CA) for 40 min at room temperature. Subsequently, the sections were stained using Standard Ultra-Sensitive ABC Peroxidase Staining kit (Pierce of Thermo Fisher Scientific) and 3,3′-diaminobenzidine (Vector Laboratories), and counterstained by hematoxylin. Mouse xenograft tumors from the hepatocellular cancer cell line CBRH-7919, known to stain strongly for CXCL1, CXCL2, CXCL3 and CXCR1[15] were used as a positive control.

Western blot analysis
HCC cell extracts from tumor and peritumoral tissues were analyzed using antibodies against CXCL1, CXCL2, CXCL3 and their receptor CXCR1. Equal amounts of protein were subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis and the intracellular amount of GAPDH was analyzed as a loading control. Finally, the immunoreactive bands were developed on X-ray film using an ECL Western Blotting Analysis System (Amersham, Buckinghamshire, United Kingdom) according to the manufacturer’s instructions.

Quantitative real-time PCR

Total RNA was isolated as described above, and the concentration was measured by using a Nanodrop 2000 spectrophotometer (Thermo Fisher Scientific). RNA was converted to cDNA using the RevertAid First Strand cDNA Synthesis Kit (Thermo Fisher Scientific). The level of CXCL1 mRNA expression was evaluated by qRT-PCR performed using DyNAmo ColorFlash SYBR Green qPCR Kit on an ABI 7300 system (Applied Biosystems of Thermo Fisher Scientific). The following primers were used: CXCL1, 5′-TAGAAGGTGTTGAGCGGGAAG-3′ (sense) and 5′-TGAGACGAGAAGGAGCATTGG-3′ (antisense); GAPDH, 5′-GTCGGTGTGAACGGATTTG-3′ (sense) and 5′-TCCCATTCTCAGCCTTGAC-3′ (antisense). 

RNA interference

The siRNAs against CXCL1 were designed and ordered from Shanghai GenePharma Co., Ltd. CBRH-7919 cells were transfected with the siRNAs using Lipofectamine RNAi Max (Invitrogen) according to manufacturer’s protocol. Cells were incubated for 48 h, and knock​down efficiency was determined by both qRT-PCR and Western blot analysis. The siRNA with the sequence 5’-GTCTCAGGACAGAGAAGTT-3’ showed the highest efficiency in the knockdown of CXCL1 and was used in this study. Western blot analysis was used to assess the expression of CXCL2, CXCL3 and interleukin (IL)-1.

Statistical analysis

Data are summarized as mean ± SE. All statistical calculations were performed using either Student’s t or Wilcoxon’s rank sum tests performed with SPSS version 18 (SPSS Inc., Chicago, IL, United States). A P < 0.05 was considered statistically significant. The statistical methods of this study were reviewed by Wenjun Li. 

RESULTS

Establishment of an HCC mouse model in vivo

As shown in Figure 1, the tumor growth developed rapidly between weeks 1-6 after xenograft tumor transplantation. The mice were evaluated for the formation of a tumor every week. Fourteen days after challenge with the CBRH-7919 cells, a local tumor was initially observed in the subcutaneous abdominal region of the mice (Figure 2). 

HE staining confirmed tumorigenesis. Tumor tissue characteristics included atypia, a large core, darker colors, various cell sizes, irregular shapes, and nuclear division. Many of these characteristics were similar to those of the original CBRH-7919 cells (Figure 3).

Observation of inflammatory cell infiltration and macrophage phenotype

Macrophage, helper T cells, activated T cells, and neutrophils were significantly increased in peritumoral tissue compared to tumor tissue (Ps < 0.005) (Table 1). There were no iNOS+ proinflammatory macrophages in the tumor tissue, whereas an average of 10 cells (range: 6-16) with positive expression were found within peritumoral tissue. The median number of arginase I+ cells within the tumor and peritumoral tissues were 1 (range: 0-2) and 0 (range: 0-1), respectively (P < 0.005). The relative proportion of regulatory to proinflammatory macrophages was higher in peritumoral tissue (Figure 4).

Expressions of chemokine-related genes in HCC

The expressions of chemokine-related genes during HCC progression were evaluated in tumor and peritumoral tissues using a chemokine PCR array. A total of 50 genes were identified as upregulated, including CXCL1, CXCL2, CXCL3 and IL-1, whereas CXCR1, Ifg and Actb were downregulated in tumor tissues (Tables 2 and 3; Figure 5). 

Immunohistochemical and western blot analyses 
The expression of selected genes was analyzed using immunohistochemistry and Western blotting (Figure 6) to confirm the changes observed by the PCR microarray. These results were consistent with those of the microarray analysis. CXCL1, CXCL2, and CXCL3 expression was higher and CXCR1 expression was lower in tumor tissues during HCC progression compared to the controls (Figure 6).

Tumor transplantation experiment
Gene silencing of CXCL1 inhibits the growth of CBRH-7919 tumors in vivo. Dissection of the subcutaneous tumors and evaluation in mice were carried out on the 45th day. Results showed the complete formation of tumors in all mice (Figure 7). The volume of tumors in the group with shCXCL1 were significantly smaller than those in the control group (P < 0.05).

CXCL1 silencing inhibits expression of CXCL2, CXCL3 and IL-1
Western blotting analysis was performed to detect the expression of CXCL2, CXCL3 and IL-1 after knockdown of CXCL1. The results indicate that the protein expression levels of CXCL2, CXCL3 and IL-1 were significantly decreased compared with those of the control group and NC-RNAi-LV group (P < 0.01) (Figure 8).

DISCUSSION

Although efforts have been made to investigate the cellular and molecular pathways involved in cancer-related inflammation, as well as their potential as cancer biomarkers and therapeutic targets, the mechanisms regarding how inflammation contributes to cancer initiation, progression, metastasis, and angiogenesis remain largely unknown. In this study, we investigate the inflammatory microenvironment and expression of chemokines in HCC in nude mice. Our results show that transplanted tumors contained cells with inflammatory and macrophage phenotypes. A chemokine PCR array was used to identify differential gene expressions, which were validated by western blotting. Additionally, knockdown CXCL1 by RNAi suppressed tumor growth and expression of CXCL2, CXCL3 and IL-1.  

Chemokines and their receptors play an intricate role in HCC progression[16,17]. Chemokines are divided by their different structure and function into four families: including CC, CXC, C, and CX3C. CXC chemokines are the second largest family of chemokines, and increasing evidence suggests that chemokine expression is associated with tumor angiogenesis, tumor, progression, and metastasis[18]. CXCL1 is a growth-regulated oncogene with melanoma growth-stimulating activity. Studies have shown that CXCL1 can regulate tumor epithelial-stromal interactions that facilitate tumor growth and invasion, and CXCL1 has also been associated with angiogenesis[19-22]. CXCL1 is primarily regulated by growth factors/mediators, such as vascular endothelial growth factor (VEGF), TGF-, c-Jun N-terminal kinase, and phosphoinositol 3-kinase. For instance, VEGF can stimulate CXCL1 release in both a time- and concentration-dependent manner, and this can be inhibited by VEGF receptor antagonists[23-26].

Some studies suggest that chemokines also mediate tumor metastasis. Both CXCL1 and CXCL2 are closely related to metastasis[23]. CXCL1 and CXCL2 expression can be suppressed by inhibiting phosphorylated IBa and nuclear factor (NF)-B activation. NF-B promotes the survival of premalignant epithelial cells while also stimulating the release of proinflammatory mediators. NF-B affects the expression of at least 400 genes with a variety functions, including inflammation, invasion and metastasis. Thus, downregulation of chemokines represents a potential treatment for cancer[4,27-29].

CXCL2 and CXCL3 are upregulated by proinflammatory cytokines. Our study shows that CXCL1, CXCL2, and CXCL3 are upregulated and CXCR1 is downregulated in the tumors of mice with HCC. These CXC chemokines and chemokine receptor are also expressed in several solid tumors. In human colon carcinoma cell lines, CXCL1 and its receptor CXCR2 have been associated with metastatic potential and are thought to modulate cell proliferation and invasion in both an autocrine and paracrine manner. CXCL1 is also overexpressed in human bladder carcinomas, and this increase in expression is associated with higher bladder carcinoma grade and stage. Studies have also reported that CXCL1 is overexpressed in colon, renal, gastric, skin, and breast cancers. However, other studies on CXCL1 expression in non-small cell lung cancer have reported the opposite results[30-32]. 

CXCR1 binds to only CXCL-8. Several studies have suggested that CXCR1 is an important player in tumor progression. Neutralization CXCR1 using small molecule antagonists affects cell proliferation and migration. Recent reports have also demonstrated CXCR1 expression in all melanoma cases, irrespective of stage and grade, and modulating CXCR1 expression and/or activity has been shown to regulate malignant melanoma growth, angiogenesis, and metastasis[33-35]. In addition, activating both CXCR1 and CXCR2 increased the rate of cell proliferation in prostate cancer[36,37]. 

RNAi is one of the post-transcriptional gene silencing mechanisms, which has emerged as a powerful tool to induce loss-of-function phenotypes and is now widely used in the research of gene analysis and therapy. A lentivirus is a retrovirus, and lentiviral vectors can efficiently deliver si/shRNA-expression cassettes into various cells with sustained expression and potent function of the encoded siRNAs[38].

Our study shows that 50 chemokine-related genes were upregulated in HCC tissues and three additional genes were downregulated. Western blotting confirmed the changes in CXCL1, CXCL2, CXCL3, and CXCR1 expression in the CBRH-7919 HCC mouse model. Furthermore, we used a chemically modified siRNA, which is thought to be more stable and effective than a non-modified siRNA. The introduction of siRNA targeting CXCL1 into CBRH-7919 resulted in efficient and specific inhibition of CXCL1 expression, as demonstrated by Western blotting. The results show that gene silencing of CXCL1 inhibits the growth of CBRH-7919 tumors in vivo and significantly decreases protein expression levels of CXCL2, CXCL3 and IL-1. Our study provides the first evidence that the targeted silencing of CXCL1 expression results in inhibited growth in HCC. These findings support the hypothesis that CXCL1 plays an important role in protecting CBRH-7919 cells from cell death, thus indicating CXCL1 is a target for future therapeutic interventions.

COMMENTS

Background

Recent reports show that inflammation is a crucial factor in the tumor microenvironment, and has become a hot topic in the past few years. The tumor microenvironment is an indispensable participant in the neoplastic process, promoting proliferation, survival, and migration of such tumors, and consists of cancer cells, tumor-associated fibroblasts, and chemokines. Chemokines play a paramount role in tumor progression, angiogenesis, invasion and metastasis. Hepatocellular carcinoma (HCC) tumors express a number of chemokines/receptors, including CXCL12-CXCR4, CX3CL1-CX3CR1, and CCL20-CCR6. However, the inflammatory microenvironment and differential expression pattern of chemokines in HCC is still not clear.

Research frontiers

In this study, inflammatory cell infiltration in the stromal microenvironment was assessed by immunohistochemistry in paired tumor and adjacent peritumoral samples, and macrophage phenotype was assessed using double-stain immunohistochemistry. PCR array analysis was used to evaluate the expression profiles of chemokines and their receptors in tumors grown in nude mice that were challenged with liver cancer (CBRH-7919 cells injected subcutaneously). The expression of some chemokines was regulated in a variety of patterns during the progression of the tumors. The expression of chemokines was confirmed by Western blotting and immunohistochemistry, demonstrating the change in chemokines and receptors at the protein level in HCC. Additionally, the effect of chemokine expression knockdown by RNA interference on tumor growth was assessed. 

Innovations and breakthroughs

Recent studies have highlighted that the tumor inﬂammatory microenvironment plays an essential role in the progression of HCC. The tumor microenvironment plays a critical role in modulating the process of liver ﬁbrosis, hepatocarcinogenesis, epithelial-mesenchymal transition, tumor invasion, and metastasis. Thus, understanding the inflammatory microenvironment is critical to promote understanding of the molecular, cellular, and pathophysiologic mechanisms of HCC, and is essential for the development of new therapeutic strategies.

Applications

This study provides insight into the roles of CXCL1, CXCL2, and CXCL3 in a proinflammatory peritumoral microenvironment that affect HCC development and progression. Understanding CXCL1 is involved in tumor progression may facilitate the design of new therapeutic approaches that inhibit tumor cell growth. 

Terminology

CXCL1 is a member of CXC chemokines family, which is identified as growth-regulated oncogene with melanoma growth-stimulating activity. CXCL1 may regulate tumor epithelial stromal interactions that facilitate tumor growth and invasion. CXCL1 is primarily regulated by growth factors/mediators, such as vascular endothelial growth factor, transforming growth factor-, c-Jun N-terminal kinase, and phosphoinositol 3-kinase.

Peer-review

This paper brings us very important information about the inflammatory microenvironment and expression of chemokines in HCC. This study found that the inflammation microenvironment and differential expression of chemokines, particularly CXCL1, play critical roles in tumor growth. The result is very important for advanced research of HCC. 
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FIGURE LEGENDS
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Figure 1  Establishment of mouse model with CBRH-7919 cells. A xenograft tumor is apparent in the subcutaneous abdominal region.
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Figure 2  Tumor growth curve determined by the international veterinary information service system.
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Figure 3  Tumor tissues from nude mice were stained with hematoxylin and eosin. A: Tumor tissue (× 200); B: Peritumor tissue (× 200).
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Figure 4  Inflammatory cell infiltration in tumors compared to adjacent peritumoral tissues. A, C, E: Peritumoral tissues; B: Increased macrophage infiltrate in tumor tissue; D: Increased neutrophil infiltrate in tumor tissue; F: CD25+, activated T cells were increased in tumor tissue. 
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Figure 5  Hierarchical clustering analysis and line plots of genes with altered expression in tumor tissues compared with peritumoral tissues. Expression profiles of chemokine-associated genes were obtained using a PCR microarray. Two-dimensional hierarchical clusters were prepared in GeneSpring 6.1 and Gene Tree View using these gene expression profiles. Red: Upregulation; Green: Downregulation.
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Figure 6  CXCL1, CXCL2, CXCL3, and CXCR1 expression in carcinoma cells xenografted into nude mice. Immunostaining for A, B: CXCL1; C, D: CXCL2; E, F; CXCL3; and G, H: CXCR1 in pertumoral (A, C, E and G) and tumor (B, D, F and H) tissues (× 200). Western blot analyses of the tumor and peritumoral tissues from the CBRH-7919 cell line or shown to the right in tumor (N) and peritumoral (A) tissues. 
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Figure 7  Growth CBRH-7919 xenografts with silencing of CXCL1. Tumor growth curve was determined by the International Veterinary Information Service system. All data are expressed as mean ± SD; aP < 0.05 vs control (NC). shCXCL1: Short hairpin RNA targeting CXCL1.
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Figure 8  Expression of CXCL2, CXCL3 and IL-1β with CXCL1 silencing. Representative Western blot showing expression in control untreated (1), control RNA interference (NC-RNAi-LV; 2), and CXCL1-targeted RNA interference (CXCL1-RNAi-LV; 3) groups; aP < 0.05, bP < 0.01 vs control.
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Table 1  Observation of inflammatory cell phenotype in paired tumor and adjacent peritumoral samples, n = 3


Inflammatory cell �
Tumor sample�
Peritumoral samples�
Mean difference�
(95%CI)�
P�
�
T helper cell�
12.09 ± 10.74 �
  20.08 ± 13.31 �
  7.53�
  (2.75-13.31)�
0.005�
�
Cytotoxic T cell �
7.25 ± 8.07�
  6.05 ± 8.41�
11.87�
  (21.60-2.14)�
0.800�
�
B cell�
2.88 ± 6.36�
  4.31 ± 6.87�
10.87�
  (19.60-4.07)�
0.600�
�
Activated T cell�
2.12 ± 2.37�
  6.96 ± 5.17�
  5.10�
(3.17-7.02)�
0.005�
�
NK cell�
0.29 ± 1.30�
  2.30 ± 5.18�
  1.83�
(0.21-3.45)�
0.060�
�
Macrophage�
9.03 ± 9.97�
19.76 ± 9.41�
  8.07�
  (4.00-12.13)�
0.005�
�
Mast cell�
9.00 ± 5.35�
10.44 ± 9.00�
  0.78�
  (21.07-3.09)�
0.600�
�
Neutrophil�
1.56 ± 3.22�
  14.83 ± 14.76�
13.28�
  (8.37-18.19)�
0.005�
�
Plasma cell�
5.59 ± 7.11�
  6.50 ± 8.00�
  0.67�
  (20.16-4.14)�
0.800�
�
iNOS+ cells median (range) �
0 (0-3) �
10 (6-16) �
-�
-�
0.005�
�
Arginase I+ cells median (range)�
1 (0-2) �
0 (0-1)�
-�
-�
0.005�
�
Data are expressed as mean  SD unless otherwise indicated. iNOS: Inducible nitric oxide synthase. 





Table 2  Upregulated chemokine-related genes in tumor tissues compared with peritumoral tissues


Accession No.�
Gene name�
Gene symbol�
Fold change�
�
A01�
C5aR�
C5ar1�
    8.86�
�
A02�
CCR10�
Ccbp2�
    5.39�
�
A04�
Scya11�
Ccl11�
  97.95�
�
A05�
Scya12�
Ccl12�
    4.75�
�
A07�
CKb11�
Ccl19�
  71.66�
�
A08�
HC11�
Ccl2�
  25.81�
�
A11�
CKb-6�
Ccl24�
  17.46�
�
B06�
MRP-1�
Ccl6�
  20.28�
�
B07�
MCP-3�
Ccl7�
  22.47�
�
B08�
MCP-2�
Ccl8�
  16.51�
�
B09�
MRP-2�
Ccl9�
  20.72�
�
B10�
Cmkbr1�
Ccr1�
    5.2�
�
B11�
Cmkbr9�
Ccr10�
    2.01�
�
C01�
Ccr2a�
Ccr2�
  14.64�
�
C02�
CKR3�
Ccr3�
  14.14�
�
C04�
CD195�
Ccr5�
    9.77�
�
C05�
CCR-6�
Ccr6�
  4.4�
�
C11�
mcmklrl�
Cmklr1�
    8.96�
�
C12�
Cklf�
Cmtm2a�
    2.25�
�
D01�
Cklfsf3�
Cmtm3�
  28.58�
�
D02�
Cklfsf4�
Cmtm4�
    2.94�
�
D03�
Cklfsf5�
Cmtm5�
    4.14�
�
D04�
Cklfsf6�
Cmtm6�
    5.27�
�
D05�
Cxc3�
Cx3cl1�
  32.58�
�
D07�
KC�
Cxcl1�
  23.49�
�
D08�
C7�
Cxcl10�
    3.15�
�
D09�
Cxc11�
Cxcl11�
    4.84�
�
D10�
Pbsf�
Cxcl12�
246.94�
�
D12�
KS1�
Cxcl14�
323.14�
�
E02�
Zmynd15�
Cxcl16�
    2.3�
�
E04�
Gm1960�
Cxcl3�
  12.76�
�
E05�
LIX�
Cxcl5�
458.57�
�
E09�
Cd183�
Cxxr3�
  12.42�
�
E10�
CD184�
Cxcr4�
    3.16�
�
E12�
B0NZ0�
Cxcr6�
    9.26�
�
F01�
Rdc1�
Cxcr7�
  3.6�
�
F02�
CCBP1�
Darc�
68.4�
�
F04�
AI853548�
Gpr17�
    7.55�
�
F05�
MOP1�
Hifla�
  12.83�
�
F07�
KIAA4048�
Il16�
    3.96�
�
F09�
Il-4�
Il4�
    3.73�
�
F10�
Il-6�
Il6�
  87.67�
�
F11�
CR3�
Itgam�
    5.51�
�
F12�
2E6�
Itgbz�
15.7�
�
G02�
Crk1�
Mapk14�
    6.74�
�
G03�
Cxcl4�
Pf4�
    9.21�
�
G04�
Cxcl7�
Ppbp�
  14.62�
�
G06�
Tgfb�
Tgfb1�
  12.46�
�
G07�
Ly105�
Tlr2�
    8.67�
�
G08�
Lps�
Tlr4�
  10.41�
�
G09�
Tnfa�
Tnf�
    2.37�
�
G12�
Ccxcr1�
Xcr1�
  17.78�
�
H02�
beta2m�
B2m�
    6.14�
�
H03�
Gapd�
Gapdh�
  41.27�
�
H04�
Gur�
Gusb�
    3.63�
�






Table 3  Downregulated chemokine-related genes in tumor tissues compared with peritumoral tissues


Accession No.�
Gene name�
Gene symbol�
Fold change�
�
E07�
I18ra�
Cxcr1�
-4.18�
�
F06�
Ifng�
Ifg�
-2.02�
�
H01�
-actin�
Actb�
-2.80�
�









