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Abstract. – OBJECTIVE: Gene mutation is 
closely related to the occurrence of tumor. Re-
nal cell carcinoma is a malignant tumor, serious-
ly threatening patients’ life quality. Regulatory T 
cells (Treg) play important roles in the develop-
ment of several cancers. This study aimed to in-
vestigate whether CD18 affects renal carcinoma 
cell proliferation.

MATERIALS AND METHODS: Thirty mice 
with renal cell carcinoma were constructed us-
ing gene-engineering mouse with CD18 defi-
ciency, and another 30 normal C57 mice were 
used as control. Ki67 and micro-vessel densi-
ty were detected by using immunohistochemis-
try (IHC) and immunofluorescence, respectively. 
The expression of CD3, CD4 and CD8 were de-
tected in blood and spleen by quantitative PCR 
(q-PCR). Flow cytometry was used to detect the 
changes of Treg cells.

RESULTS: The expression of Ki67 in C57 was 
significantly higher than that in CD18-/- mice 
(p<0.05). IHC results showed that CD31 was al-
so significantly downregulated in CD18-/- group 
compared to control group (p<0.05). It was found 
that only high expression of CD4 in mesenteric 
lymph nodes of CD18-/- was considered as non-tu-
mor-bearing. Flow cytometry results showed that 
Treg cells were significantly decreased in CD18-/- 
compared to C57 group (p<0.05). 

CONCLUSIONS: CD18-/- down-regulates Treg 
cells and inhibits the pathogenesis of renal cell 
carcinoma.
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Introduction

Renal cell carcinoma (RCC) is a malignant 
tumor in the urinary system caused by the 
abnormal proliferation of renal tubular epithelial 
cells. The incidence of renal cell carcinoma has 

obvious geographical and economic differences, 
which is also considered as the second factors 
related to tumor death in developing country1,2. 
Although the incidence of RCC is low in China, it 
is ranked as the fifth in various types of tumors. 
However, with the increase of air pollution and 
the change of people’s diet, the proportion of 
patients with RCC in China is increasing. Many 
RCC patients died quickly, due to rapid growth 
of tumor cells. Meanwhile, the surgical resection 
is the potential treatment option, and is the best 
treatment approach for RCC. However, about 
80% patients with RCC have renal inflammation, 
and only a few patients can be treated with 
surgery3. The reason why surgical treatment can’t 
be used in patients with RCC is due to the size 
of tumor and other potential disease. The most 
important influencing factor is the recurrence of 
the majority of patients after successful surgery. 
Studies4 have shown that high expression of alpha-
fetoprotein (AFP), which is a risk factor for the 
recurrence of RCC. Now, it is urgently required 
to find out the potential pathogenesis of RCC. 
Lymphocyte associated antigen protein CD18 
(LFA-1) is an important member of the integrin 
family, and is mainly expressed in the white blood 
cell (WBC). Therefore, the CD18 is an important 
factor in the recruitment, adhesion and migration 
of WBC5,6. CD18 can transfer T cells to the 
mesenteric lymph nodes, and then plays a role in 
promoting the development of chronic nephritis. 
CD18 can also be known as a regulator for the 
inflammation. Many studies suggest that CD18 
participates in the process of inflammation and 
inflammation, such as in autoimmune diseases 
and immunodeficiency diseases. Deletion of the 
Rho signaling mechanism can prevent the activity 
of CD18 and the ability of white blood cells to 
move7-9. Studies10 have shown that CD18 deficient 
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mice can affect the activity of Treg cells and then 
lead to autoimmune encephalomyelitis of mice. 
There is a close relationship between tumor and 
immune cell activity; thus, CD18 might play an 
important role in the development of tumor. The 
description and recognition effects of CD18 will 
be used to repair the immune function of cancer 
patients, and the potential ability of tumor therapy 
was enhanced by using immunotherapy. However, 
whether CD18 involves in the pathogenesis of 
RCC remains poorly understood. The aim of this 
present study was to investigate the role of CD18 
in renal carcinoma cell proliferation.

Materials and Methods

Experimental Mice
1) C57BL/6 black mice were regarded as 

control mice, aged 8 weeks old with equal number 
of male and female, which were purchased from 
Zhejiang University (Zhejiang, China).

2) CD18 knockout mice (CD18 Knock out, 
CD18-/-), B6.Cg-Selplgtm1Fur/J, were purchased 
from Jackson ImmunoResearch (No. of mouse: 
004241, West Grove, PA, USA). Male: Female=1:3. 
Mice were used for all experiments in this study. 
All of the procedures were approved by the Animal 
Ethics Committee of Organ transplantation center 
of Dongyang People’s Hospital, Dongyang, China.

The Establishment of RCC Model
Renal cell carcinoma cell line, Renca, was 

gained by being extracted from renal carcinoma 
cells of human and primarily cultured, which 
was the commonly used cell line in RCC model. 
The Renca was purchased from American Type 
Culture Collection (ATCC, Manassas, VA, USA). 
A part of cells was frozen immediately after 
Roswell Park Memorial Institute-1640 (RPMI-
1640) culture, and the remaining cells were used 
for experiments. A total of 1 × 105 cells were 
directly injected in the right subcutaneous to the 
mice. There were 30 mice in experimental group, 
CD18-/- group and control group, respectively. 
After tumor bearing 15 d, the tissues were 
collected for detection. 

Immunohischemistry Assay
Samples were fixed by neutral formaldehyde 

solution, and then dehydrated, transparet, dipped 
wax, embedded, sliced, followed by preparation of 
the paraffin sections. The cut slices were placed in the 
oven at 65°C, baking for 1 h. In accordance with the 

preset program, dewaxing was carried out, washed 
with phosphate-buffered saline (PBS) for 3 times, 5 
min per time. Sodium citrate buffer was prepared 
with pH value 6.0; the prepared slices were put into 
the high-pressure condition to repair, washing with 
PBS for 3 times, 5 min per time. The tissues were 
treated by H2O2 with a final concentration of 0.3% 
for 30-60 min, washing with PBS 3 times after 
removing H2O2, 5 min per time. Hydrogen peroxide 
was used with the current distribution, and the 30% 
hydrogen peroxide storage solution was preserved in 
4°C to avoid light. 10% fetal bovine serum (FBS) 
was used to close for 30 min, then primary antibody 
Ki67 (Cell Signaling Technology, Danvers, MA, 
USA) was used to incubate overnight. Next day, the 
tissues were placed in room temperature for 40 min, 
washing with PBS for 3 times, 5 min per time. After 
washing, the secondary antibody preparation with 
1% bovine serum albumin (BSA) (1:100) was added 
to incubate for 1 h in 37°C. Diaminobenzidine 
(DAB, Beyotime Biotech. Shanghai, China) showed 
color; after color, a quick washing with PBS was 
carried out to stop the reaction for 3 times, 5 min per 
time. After that, sections were mounted in organic 
mounting media followed by observation under a 
microscope. Substitution of PBS for the primary 
antibody served as a negative control.

Immunofluorescence
The tissues were fixed with neutral and poly 

formaldehyde, washed with PBS (3 times, 
5 min/time), after closing 50 min with 10% 
bovine serum albumin (BSA, Beyotime Biotech. 
Shanghai, China) primary antibody staining was 
carried out, overnight. Next day, the tissues were 
re-warmed for 40 min, after washing with PBS (3 
times, 5 min/time). And after fluorescent staining 
with secondary antibody was carried out, primary 
antibody was CD31 (anti-rabbit, 1:100), secondary 
antibody was rabbit anti goat (1:100). Both 
primary antibodies were purchased from Santa 
Cruz Biotechnology (Santa Cruz, CA, USA). 
Phosphylate-buffered saline (PBS, Beyotime 
Biotech. Shanghai, China) If the 4’6-diamidino-
2-phenylindole (DAPI) color was adopted, then 
the color agent DAPI needs to be used freshly 
(avoiding light). After 10 min, quick washing with 
PBS (3 times, 5 min per time) was carried out. 

Quantitative Real-Time PCR
Reverse transcriptase kit was purchased from 

TaKaRa Inc. (Dalian, China). The fresh tissues of 
mice were put in a mortar to grind into powder, 
followed by addition of 1 ml TRIzol solution, which 
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were placed about 10 min at room temperature to 
make the samples fully cracked. According to the 
initial proportion, 0.2 ml chloroform (Beyotime 
Biotech. Shanghai, China) mixed with 1 ml TRIzol 
(Tiangen Biotech Co. Ltd., Beijing, China), were 
vortex mixed or violently shaken for 15 s, at room 
temperature for 2-3 min. Then, the centrifugation 
was carried out with 12000 × g at 4°C for 15 min, 
followed by transferring the upper clear water 
phase containing total RNA into a new centrifuge 
tube. 0.5 ml isopropanol (Tiangen Biotech Co. 
Ltd., Beijing, China) was added and incubated for 
10 min at room temperature. After centrifugation 
10 min with 12000 ×g at 4°C, RNA precipitate 
appeared at the bottom of bottle, and then the 
supernatant was abandoned. 1 ml ethanol with 75% 
concentration (prepared by Diethy pyrocarbonate, 
DEPC H2O2) was added, vortex or reverse mixing, 
centrifugation for 5 min at 7500 × g at 4°C, and then 
the supernatant was discarded. After 2 repetitions, 
centrifugation was carried out (> 5000 r/min, 10 s), 
and the liquid was absorbed carefully. After RNA 
slightly dry, 20 μl DEPC was added to dissolve. 
After detection RNA concentration by ultra micro 
spectrophotometer, reverse transcription was 
carried out to form cDNA, which was stored at 
-80°C for further analysis.

Primer sequences were:
CD3,F-AGCCTTATCGGAAATGATCCAGT; 

R-GGCCTTGTAGACACCTTGGT;
CD4,F-AGCTTCAGGCAGGCAGTATC; 

R-CATCTCGGAGCCTGTAGTGC;
CD8, F-GGAACACGTCGTGGGATAATG; 

R-GGCAGACTTTGGATGCTTCTT;
GAPDH,F-GCCCTGAGGGCCCGAACTG 

TTACT; 
R- CAGACGCACGGCTTTGACCTTCTT,
All primers were synthesized by Sangon 

Biotech. Co. Ltd. (Shanghai, China). Real-time 
PCR (RT-PCR) SYBR Green Master Mix was 
10 µl, ddH2O was 7 µl, template complementary 
DNA (cDNA) was 1 µl, PCR primer of upstream 
and downstream was 1 µl with 10 µM, respectively. 
Reaction procedures: pre-denaturation at 95°C 
for 5 min, cyclic degeneration at 95°C for 30 s, 
prolongation at 72°C for 30 s, a total of 40 cycles, 
and then dissolution curve analysis was carried 
out. Threshold cycle (Ct value) was detected 
according to the 2-∆∆Ct method, which represented 
the level of target gene.

Flow Cytometry
1 × PBS, 0.5% BSA, flow tube and red cell lysis 

solution were prepared. Mice were anesthetized 

with ether followed by isolation of blood: 50 - 100 
μl, spleen resuspension solution 30-50 μl, bone 
marrow resuspension 80-120 μl solution. Red 
cell lysis was added centrifuging for 5 min with 
350 × g. After the supernatant was abandoned, 
0.5% BSA (prepared with PBS) was added in the 
bottom of the precipitate, washing 3 times with 
5 min/time; the antibodies including CD25 and 
forked transcription factor 3 (Foxp3, Miltenyi 
Co. Ltd., Bergisch Gladbach, Germany) were 
added according to the ration of 1:100. After 
culturing 30 min, centrifugation was carried out 
for 5 min with 500 × g at 64°C. After abandoning 
the supernatant, 0.5% BSA (prepared with PBS) 
was added, washing 3 times. The cells were re-
suspended in 100 μl PBS for flow cytometry 
analysis. 

 
Statistical Analysis

All the experimental data were expressed as 
mean ± standard deviation (SD). The image-Pro-
Plus 6.0 (Media Cybernetics, Inc., Bethesda, MD, 
USA) and Graph Pad Prism software (version: 
5.0, GraphPad Prism Software Inc., La Jolla, CA, 
USA) were used for statistical analysis in this 
study. The Student’s t-test was used to compare 
the differences between two groups. Tukey’s 
post-hoc test was used to validate the ANOVA for 
comparing measurement data among groups. p < 
0.05 represented a significant difference.

Results

CD18-/- Effectively Slow Down the 
Development of Renal Cell Carcinoma

Ki67 assay found that the proliferation index 
of CD18-/- mice was significantly lower than 
that of C57 mice (Figure 1A). The relationship 
between tumor and angiogenesis is closely 
related, on one hand, the newly born blood vessels 
provide nutrients for the growth of tumor cells; 
on the other hand, it also occupies the space of 
the original vessel, which keep the blood cells 
constantly squeezed. As shown in Figure 1B, all 
vessels were marked with specific staining and 
in the upper part of the basement membrane, the 
increase of C57 in tumor tissue was significantly 
more than that in CD18-/- mice. 

The Increase of CD4+ cell in CD18-/-
Besides regulatory T cells, CD18 also plays 

a role in immune surveillance of T cells and 
lymphocytes11,12. The high expression of CD4+ 
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in mesenteric lymph nodes was found in the non-
tumor bearing state without changes in blood 
and spleen (Figure 2A). Due to the CD4+ and 
CD8+ results in tumor bearing tissues, there was 
no statistical difference between the CD4+ and 

CD8+ in the tested samples
Decrease of Treg cells in CD18-/-

Treg cells are known to be regulatory T cell, 
whose main function is to suppress T cell activity. 
In addition, deletion of CD18 causes damage to 
the immune response of Treg cells, and the normal 
expression of Treg cells and the growth of tumors 
have a close relationship. Some studies have 
showed that the more expression of Treg cells, the 
more advantage of growth are13. So we detected 
the Treg expression in these two kinds of mice 
in the tumor bearing state and found CD25+ and 
Foxp3 both were positive for Treg cells (Figure 3).

Discussion

With the change of people’s life rhythm, the 
proportion of RCC in our country is increasing 
day by day; many patients with RCC die quickly, 
and the proportion of patients with chronic 
nephritis accounted for the majority. When cancer 
cells grow rapidly, there is a disturbance in the 
microcirculation, which causes increased tissue 
ischemia and edema, and second aggravating 
inflammatory reaction, leading to other adjacent 
organs injury. During this process, excessive 
inflammatory response leads to increase of vascular 
permeability and inflammatory cytokine release. 
Therefore, the inhibition of the further enlargement 
of the inflammation may be helpful to reduce 

Figure 1. CD18-/- effectively retarded renal cancer 
progression. A, Expression of proliferation index of Ki67 
in C57 mice and CD18-/- mice. B, Detection of the CD31 
expression of blood vessels in C57 mice and CD18-/- mice 
by immunofluorescence. 

Figure 2. CD4+ cell ratio elevated in CD18-/- mice. A, The expression of CD8, CD3 and CD4 in the blood, spleen and 
mesenteric lymph nodes of CD18-/- and C57 under the condition of non tumor bearing. B, The expression of CD4, CD3 and 
CD8 in the blood, spleen and mesenteric lymph nodes of CD18-/- and C57 in the tumor bearing state.
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the aggravation of the tumor14. CD18 belongs to 
adherence factors of Beta 2 integrin family15. There 
were experiments confirmed that deletion of CD18 
did not reduce the ability of resistance bacteria, but 
increase the immunity ability of anti-tumors10. Our 
results also showed that the Ki67 expression was 
significantly less compared to that of C57 and the 
vascular growth was also significantly reduced. 
Treg and CD4 cells in the present study, all showed 
abnormal expressions showing that CD18 plays an 
important role in the lymphocytes of peripheral 
lymph nodes and the mesenteric lymph nodes, 
consistently with previous studies16,17. Recent 
studies have indicated that CD18 is an essential 
adhesion factor during the maturation and 
differentiation of CD4. After blocking CD18, it can 
control the occurrence of melanoma metastasis18,19. 
These studies are consistent with our findings. 
However, we failed to prove the inhibitive effects 
of CD18 on the development of RCC. In clinical 
studies, with the absence of CD18, leukocyte 
adhesion molecule CD18 of Beta 2 integrin family 
is released through the blood, and then Beta 2 
integrin receptor intercellular adhesion molecule 
1 (ICAM-1) is released. As CD18 and ICAM-1 
were unable to leave the blood vessel, the level 
of neutrophils was elevated19,20. Suprisingly, in 
this study we did not find a significant increase 
in the number of neutrophils in renal tumor (data 
not shown), so we excluded the effects of elevated 
neutrophil on tumor cells.

Conclusions

We showed that deletion of CD18 increased the 
expression of CD4+ in mesenteric lymph nodes. 
The down-regulation of Treg expression effectively 
inhibited the occurrence of RCC. Our study 

explained the roles of integrin family members in 
the regulation of tumor development. However, 
this study did not confirm the low expression of 
CD18 in patients with clinical patients, as well as 
whether Treg cells will show this change, which 
need further large-scale clinical studies.
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