IL-17 regulates the expression of major histocompatibility complex II and VEGF in DLBCL mice on tumor growth
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Abstract 

Objective: To investigate the effect of interleukin-17(IL-17) on vascular endothelial growth factor(VEGF) and major histocompatibility complex Ⅱ(MHC Ⅱ) expression in diffuse large B cell lymphoma (DLBCL) and its relationship with tumor development. 

Methods: CD4+CD62L+naive cells from spleen of BALB/c mice were purified by immunomagnetic beads method. T cells were cultured in vitro with anti-CD3, anti-CD28, transforming growth factor-β(TGF-β) and interleukin-6(IL-6).The human germinal center B-cell-like diffuse large B-cell lymphoma (GCB-DLBCL) cell line SUDHL-4 was cultured and inoculated into severe combined immune deficiency (SCID) mice to establish DLBCL mice
 model. Tumor bearing mice were inoculated with Th17 cells. DLBCL was detected by ELISA.The expression of IL-17, VEGF and MHC Ⅱ were detected by immunohistochemistry(IH). 

Results: After Th17 cells were inoculated, the expression level of IL-17 was higher than that of the control group, the expression level of VEGF was lower than that of the control group, and the expression level of MHC Ⅱ was higher than that of the control group. There was a significant negative correlation between IL-17 and VEGF. There was a significant positive correlation between IL-17 and MHC Ⅱ. 

Conclusion: The expression level of VEGF and MHC Ⅱ can be used as the index to judge the disease status of DLBCL. IL-17 can produce negative regulation on VEGF and positive regulation on MHC Ⅱ, thus affecting the disease process of DLBCL. Detection of IL-17, VEGF and MHC Ⅱ expression levels have value in judging the disease status and progression of DLBCL. 
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Th17 cells are a new type of helper CD4+ T cell sub-type discovered in recent years. IL-17 is a characteristic cytokine secreted by Th17 cells[1].IL-17 uses IL-17 receptor IL-17R[2] in the signal transduction process.Because IL-17R has a single reverse transmembrane domain and cytoplasmic tail region, there are multiple regulatory regions, so IL-17 mediates multiple signal pathways. 

VEGF is a highly specific factor that can promote endothelial cell division and induce angiogenesis. Its expression is related to angiogenesis, clinicopathological characteristics and poor prognosis of many tumors, such as breast cancer and lung cancer. In recent years, it has been reported that serum VEGF level is an independent prognostic factor for aggressive non-Hodgkin's lymphoma(NHL). The total and disease-free survival(DFS) of patients with high VEGF expression is significantly shorter than that of patients with low VEGF expression[3]. Diffuse large B cell lymphoma (DLBCL) is the most common invasive NHL. How is VEGF expressed in DLBCL? Will it be regulated by cytokines such as IL-17 and have different effects on tumor development? At present, there is a lack of in-depth research. 
The major histocompatibility complex (MHC) molecule is called human leukocyte antigen (HLA) complex, which is divided into three sub-types, I, II, III, among which MHC II molecules are mainly expressed on antigen-presenting cells such as B lymphocytes and play a role in regulating cell immunity. In recent years, MHC II molecules have been reported to be related to the pathogenesis of DLBCL. The expression of MHC II in DLBCL and whether MHC II can be regulated by IL-17 and play an important role in the occurrence and development of tumor are still lack of in-depth study. 

Therefore, this study intends to establish a DLBCL mouse model, and compare the expression level of IL-17, VEGF, MHC II molecules between the inoculation group and the control group, and analyze the correlation between the level of IL-17 and the expression of VEGF, MHC II and their relationship with tumor development, so as to provide experimental basis for the adoptive immunotherapy of DLBCL by Th17 cells. 

1 materials and methods 

1.1 Th17 cell culture in vitro 

The CD4+ CD62L+ naive T cells from the spleen of BALB / c mice were isolated and purified by mini Macs immunomagnetic separation system (the specific operation was carried out in strict accordance with mini Macs instructions). The purity of CD4 + CD62L + naive T cells from the spleen of mice was identified by flow cytometry (when the purity reached 85% - 95%, it can be used for in vitro culture). Anti-CD3, anti-CD28, TGF-β, IL-6 were added to culture Th17 cells in vitro for 3 days in a 5% CO2 incubator at 37 ℃, and the growth of Th17 cells was observed under an inverted microscope. 

1.2 Establishment of DLBCL mouse model 

10 SPF grade SCID mice, female, 5-week-old, weighing 16-20g, were selected for subculture of human GCB like DLBCL cell line SUDHL-4. SUDHL-4 cells were selected in logarithmic growth stage, and 0.1ml of 107 containing cells were inoculated subcutaneously in one rib of the mice. The cell suspension was used to observe the general condition, tumorigenesis and tumor growth of mice every day. The body weight, tumor length and height were measured every day, and the tumor volume was calculated (calculation method: π / 6 × length × width × height). When the tumor body reached 1200 mm3 was regarded as the humanity end point, and the time of tumor occurrence and the survival time of each mouse were recorded, so as to obtain the median tumor onset time T1 and the median survival period T2 of each mouse. Another 30 mice were selected to establish DLBCL mice 
model according to the above method. 20 of them 
were inoculated with Th17 cells at the same time when they were inoculated with tumor cells. Each mouse was injected with Th17 cells (1.6-2.0) × 106 cells (resuspended with 0.2ml normal saline) for adoptive immunotherapy experiment of Th17 cells, which was set as group A; the other 10 mice were injected with 0.2ml normal saline as control group, which was set as group B.

1.3 Detection of IL-17 and VEGF expression in tumor tissue of DLBCL mice by ELISA 

Half of the mice in group A and B were killed
 at T1, set as group A1 and B1 (10 mice in group A1 and 5 mice in group B1); the other half were killed at T2, set as group A2 and B2 (10 mice in group A2 and 5 mice in group B2). After the mice were killed, the tumor tissue and cell suspension were made by peeling off the tumor, and centrifuged in a centrifuge tube with equal amount of mouse lymphocyte separation solution added in advance. The tumor mononuclear cell suspension of
 DLBCL mice was made by adding PBS centrifugation, and the cell supernatant was taken.The expression of IL-17 and VEGF was detected by double antibody sandwich enzyme-linked immunosorbent assay (ELISA). The ELISA kits for IL-17 and VEGF were purchased from Shanghai Tongwei company. The minimum detection limits for IL-17 and VEGF were respectively 0.1pg/ml and 1.0pg/ml. Anti-IL-17 and VEGF McAbs were used to coat the enzyme plates respectively. The standards and samples of IL-17 and VEGF were used to combine with McAbs. Biotinized anti-IL-17 and VEGF antibodies were added to form the immune complex connection. Finally, the full-automatic enzyme labeling instrument was used for analysis (the operation process was strictly in accordance with the instructions of ELISA Kit). 

1.4Detection of MHCⅡexpression by immunohistochemistry and determination of results 

The stripped tumor tissue was fixed, paraffin embedded, sectioned, and stained by routine HE and immunohistochemistry envision two-step method. MHC II/anti-cd74 is a concentrated anti-human antibody (dilution ratio: l: 500). The positive section in the known pre-experiment is used as the positive control, and PBS is used as the negative control. Result determination: MHC Ⅱ is located in the cytoplasm and membrane, and judged according to the staining intensity: negative, 0 point; diffuse or scattered dot like or uniform sediment in the cytoplasm is light brown, 1 point; brown, 2 points; intensive brown, 3 points; judged according to the percentage of positive cells: 0 is negative, 0.5 point for the number of positive cells < 5%, 1 point for 5% - 25%, 25% - 50% is 2 points, 50% - 75% is 3 points and 75% - 100% is 4 points. In addition, the scores of the above two items were 0-3 for low expression and 4-7 for high expression. 

1.5Statistical methods 

The data were all processed by SPSS16.0 statistical software package, and the measurement data were expressed by（
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±s）. T test was used to compare the two parameters, and Spearman test was used to analyze the correlation between IL-17 and VEGF, P < 0.05 was statistically significant. 

2 Results 

2.1 identification of Th17 cells in vitro 

The results of flow cytometry showed that the purity of CD4 + CD62L + naive T cells was more than 90%, and the cells were cultured in vitro for 3 days with anti-CD3, anti-CD28, TGF-β, IL-6. The size of CD4 + CD62L + naive T cells was the same under inverted microscope. After 3 days of culture, the cells in each group gradually showed colony-like growth and increased cell number. 

2.2 DLBCL mouse model 

The nodule formation rate was 100% in the mice inoculated with SUDHL-4 cells for about 8 days. The results showed that 8 days was the median tumor onset time T1 of DLBCL mice, and 28 days was the median tumor survival time T2 of DLBCL mice. 
2.3 Comparison and correlation analysis of the expression levels of IL-17 and VEGF in tumor tissues of DLBCL mice between Th17 cell inoculation group and control group 

The expression level of IL-17 in T1 and T2 time points ( A1 and A2 groups) was higher than that in the control group (B1 and B2 groups) (P< 0.05）.The expression level of IL-17 in group A2 and B2 was lower than that in group A1 and B1 (P< 0.05）.The results showed that the expression level of IL-17 was higher than that of the control group after Th17 cells were inoculated, and the expression level of IL-17 was lower with the progress of tumor course.The expression level of VEGF was lower than that of B1 and B2 (P< 0.05）.The expression of VEGF in group A2 and B2 was higher than that in group A1 and B1 (P< 0.05）.It is suggested that the expression level of VEGF in Th17 cells is lower than that in the control group, and increases with the progression of tumor (Table 1). The correlation between IL-17 and VEGF expression was analyzed by Spearman correlation analysis. The difference was statistically significant (r =－0.88，P=0.000）It is suggested that there is
 a significant negative correlation between IL-17 and VEGF (Figure 1). 
Tab.1 Comparison between IL-17 and VEGF in Th17 cell group and control group(pg/ml, 
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Fig.1 Correlation analysis between IL-17 and VEGF expression in mice
.

2.4 Expression and correlation of IL-17 and MHCⅡin tumor tissue of DLBCL mice in Th17 vaccination group and control group 

The expression levels of IL-17 and MHCⅡ in the tumor tissues of the T1 and T2 time points in the Th17 cell vaccination group of DLBCL mice were higher than those of the control group (P < 0.05), and the expression levels of IL-17 and MHCⅡin the A2 and B2 groups were lower than those in the A1 and B1 groups (P < 0.05), suggesting that the expression levels of IL-17 and MHC Ⅱin the Th17 cell vaccination group were higher than those in the control group, and the expression levels of IL-17 decreased with the progression of the tumor, as shown in Table 1. The correlation analysis of the expression level of IL-17 and MHC Ⅱshowed that there was significant positive correlation between IL-17 and MHC Ⅱ (r = 0.78, P = 0.000). 
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Fig.2 Expression of IL-17 and MHC II in Th17 cell group and control group.

3 Discussion 

IL-17 is mainly secreted by Th17 cells [4]. IL-17 is a kind of proinflammatory cytokines
, which can cooperate with a variety of cytokines to amplify the inflammatory response. In addition, IL-17 has a strong biological function of recruiting neutrophils, promoting the release of inflammatory factors from a variety of cells, promoting cell proliferation and so on. Previous studies have shown that IL-17 plays a role in promoting cancer, and the expression of Th17 cells is positively related to tumor microvascular density. IL-17 induces a series of mediators, including VEGF, by acting on stromal cells and fibroblasts, which significantly promotes the development of inflammation and tumor angiogenesis [4]. Although IL-17 is a potential tumor promoting cytokine, some studies have shown that IL-17 can inhibit tumor. It has been found that Th17 polar cells are more effective than Th1 cells in the removal of existing tumors [5]. IL-17 can inhibit the growth of tumors by enhancing the activity of CTL, such as mast cell tumors, plasmacytomas and other hematopoietic tumors. Therefore, the relationship between IL-17 and tumor is not clear. 

VEGF is a kind of multifunctional glycoprotein, which is an important factor to stimulate the proliferation and migration of vascular endothelial cells. By increasing the mitosis of vascular endothelial cells and promoting the migration of vascular endothelial cells, remodeling the extracellular matrix and increasing the permeability of blood vessels, it can promote the formation of pathological
 blood vessels. The formation of tumor blood vessels is conducive to tumor cells infiltrating the lymphatic vessels and promoting tumor to the lymph nodes transfer in favor
. Early foreign
 studies through the analysis of clinical characteristics of non-small cell lung cancer (NSCLC) patients have found that the expression level of VEGF will rise with the progress of clinical stage of NSCLC patients, suggesting that VEGF plays a role in promoting the development of tumor[6]. However, with the development of lung cancer, the increase of VEGF expression in vascular endothelial cells and tumor tissues is related to tumor growth. In the
 study of NHL[3] found
 that the DFS rate in the group with high serum VEGF level was significantly lower than that in the group with low serum VEGF level. Multivariate analysis suggested that VEGF level was an independent prognostic factor for the total survival time of NHL patients. Kong Jun et al. [7] showed that the positive rate of VEGF in patients with lymphoma was significantly higher than that in healthy controls, suggesting that VEGF can promote the development of lymphoma by promoting the proliferation of vascular endothelial cells. Sun Yan et al. [8] also confirmed that VEGF in NHL can increase vascular permeability, cause changes in extracellular matrix, and thus promote tumor angiogenesis. It can be seen that the increase of VEGF expression level can promote the growth of NHL. 

Previous studies have shown that there is a significant correlation between IL-17, VEGF and tumor vascular density in NSCLC patients. The serum levels of IL-17 and VEGF in NSCLC patients are higher than those in healthy people, suggesting that IL-17 and VEGF may play a regulatory role in the occurrence and development of NSCLC [9,10]. Studies in colorectal cancer also showed that IL-17 upregulated VEGF of fibroblasts, thus promoting the formation of fibroblast induced neovascularization in the process of inflammation and tumorigenesis. Many cancer cells have high expression of TGF - β, IL-17 promotes the expression of VEGF, and then in turn promotes the expression of TGF - β, so it is considered that VEGF mediates angiogenesis [11], TGF - β upregulates the expression of VEGF receptor in endothelial cells, so as to enhance the effect of VEGF on endothelial cells. To sum up, previous studies have found that IL-17 can affect the occurrence and development of tumors by regulating the expression of VEGF in some tumors, but whether the expression of VEGF in DLBCL is regulated by IL-17 to affect the occurrence and development of tumors is still lack of relevant research. Our study found that the expression level of IL-17 in DLBCL mice was higher than that in the control group, and decreased with the progression of tumor; the expression level of VEGF in DLBCL mice was lower than that in the control group, and increased with the progression of tumor. The correlation analysis indicated that there was a significant negative correlation between IL-17 and VEGF, and the high level of IL-17 could down regulate the expression of VEGF. However, with the progression of the disease, the level of IL-17 decreased and the level of VEGF increased, which promoted the growth of tumor and the death of DLBCL mice. The negative regulatory mechanism between IL-17 and VEGF has an effect on the occurrence and development of DLBCL tumor. 

MHC is a highly polymorphic gene group. The classic MHC class II gene is composed of three coding genes, HLA-DR, HLA-DQ and HLA-DP. Its main function is to present antigen peptide to helper T-lymphocytes and play a role in T-lymphocyte mediated anti-tumor immunity. Previous studies have shown that the decreased expression of MHC Ⅱ is related to a variety of tumors, including NHL[12]. During the development of lymphoma, the malignant transformation of lymphocytes into lymphoma cells may be related to the down-regulation of MHC Ⅱ expression in lymphoma cells [13]. It is found in many kinds of lymphoid system tumors, such as borderline lymphoma lacking of MHC Ⅱ expression [14], but there are also reports about
 MHC Ⅱ molecules are related to the pathogenesis of DLBCL, MHC Ⅱ expression may promote 
tumor infiltration of lymphocytes [15]. MHC class II molecules may be the immune pathway regulating the development of many tumors, including DLBCL. Studying its possible mechanism can monitor the development of DLBCL and find out the possible immunotherapy pathway.

In this study, the results showed that the expression level of IL-17 and MHC Ⅱ in DLBCL mice after Th17 cell inoculation was higher than that in the control group, and the expression level of IL-17 and MHC Ⅱ decreased with the progression of tumor, and there was a significant positive correlation between IL-17 and MHC Ⅱ, and the high level of IL-17 could up regulate MHC II. However, with the progression of the disease, the level of IL-17 and MHC-II decreased, which promoted the growth of tumor and the death of DLBCL mice. This is consistent with the previous study that MHC Ⅱ deficiency promotes tumor development
. The Th17 cells positive regulatory mechanism of IL-17 and MHC Ⅱ expression process has an impact on DLBCL tumor development . However, what specific pathway does Thl7 cells affect the expression of MHC Ⅱ? Whether it can enhance the expression of IL-17 through Th17 cell inoculation, and regulate the expression level of MHC Ⅱ, so as to prolong the survival period of DLBCL? Further research is needed. 
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�Suggest revised title: IL-17 affects tumor growth in a mouse model of diffuse large B cell lymphoma by regulating expression of MHC complex II and VEGF


�should be "mouse" instead of mice


�Replace with "further validate the DLBCL mouse"


�Replace with "Twenty mice"


�Please replace the word "kill" with "euthanized" hee and throughout the text. Also, please state how the mice were euthanized.


�Replace with "from"


�This section could be integrated into section 2.3


�replace these words with "showing" to make one sentence.


� show significance values in your figure legend


�This should be Table 2, correct? Or did you mean to include a figure in addition to the table?


�delete the "s"


�Do you mean "increase tumor vascularity"?


�Unsure what these words mean
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�relae "the" with "a"


�repalce with "it was found"


�replace "about" with "that"


�replace these words with "by promoting"
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�replace these words with "requires further research" 
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