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Abstract 

The increased populations of regulatory T cells in peripheral blood of gastric 

carcinoma reflect compromised host immunity. In this study, the murine model of 

benzo[a]pyrene induced forestomach carcinoma was used to analyze the distribution 

of regulatory T cells in different lymphoid tissues, including the regional lymph nodes, 

the peripheral lymph nodes, spleen, and thymus. The proportions of regulatory T cells 

in total CD4+ T cells is clearly more increased in regional lymph nodes than other 

lymphoid tissues in benzo[a]pyrene-treated mice. These regulatory T cells expressed 

the Foxp3 transcript and protein and were dramatically enhanced in regional lymph 

nodes relative to peripheral lymph nodes. They were also enriched in CD62L- cell 

subset and expressed both CCR1 and CCR5 chemokine receptors. These results 

demonstrate that the accumulation of Treg cells in the regional lymph nodes mediated 

local suppressive immunity during progression of forestomach tumours.  

 

Results 

The inducible Treg cells of RLNs suppress local immunity via secretion of IL-10 

Foxp3 is a crucial transcription factor and the specific marker for inducible 

regulatory T cells. Enumeration of isolated CD4+CD25+ (combined CD25int and 

CD25high-expressing cells) and CD4+CD25- T cells within RLNs, PLNs or thymus 

was shown in Figure 1-A. The expression of Foxp3 in Treg cells and CD4+CD25- 

cells in the RLNs and PLNs of the B[a]P and control groups at various time points 

was examined. As expected, Treg cells of the RLNs and PLNs expressed high levels 

of Foxp3, while CD4+CD25- T cells of the RLNs and PLNs expressed only low levels 

in the B[a]P group (Figure 1-B, -C, -D). Furthermore, the Foxp3 transcripts of Treg 

cells were dramatically enhanced in RLNs relative to PLNs at 32 weeks (Figure 1-D). 



 
 
 
 
 
 
 
 
 
 
 
 

     

We further analyzed whether the CD4+CD25+ or CD4+CD25- T cells of the 

RLNs and PLNs produce immunosuppressive cytokines such as IL-10 and TGF-β1. 

The two types of T cells of the RLNs and PLNs in the B[a]P-treated mice enhanced 

expression of IL-10 at transcription levels at 32 weeks (Figure 1-B, -C), but in control 

mice, just the CD4+CD25+ T cells of the RLNs expressed low level IL-10 transcripts 

at 32 weeks. The CD4+CD25+ and CD4+CD25- T cells of the RLNs and PLNs in 

B[a]P-treated and control mice produced little or no IL10 transcripts at 7 and 16 

weeks (data not shown). We also examined the expression patterns of TGF-β1 in the 

CD4+CD25+ T cells and CD4+CD25- T cells of the RLNs and PLNs in the 

B[a]P-treated and control mice. The expression of the TGF-β1 transcripts was 

negative at 7, 16 and 32 weeks, only the CD4+CD25- T cells from the PLNs in 

B[a]P-treated mice produced low levels of the TGF-β1 transcripts at 32 weeks (Figure 

1-B, -C).  

To confirm the difference in proportion of Treg cells between RLN and PLN, we 

analyzed expression of Foxp3 by flow cytometric analysis (Figure 2-A, -B). The 

expression of Foxp3 in lymphocytes in RLNs was significantly higher than that in 

PLNs of B[a]P-treated mice at 22 weeks (Figure 2-C). Taking together, the Foxp3 

expression in the CD4+CD25+ T cells suggests the activation of inducible Treg cells is 

associated with tumour formation. Moreover, Treg cells secrete IL-10, not TGF-β1, as 

a mediator for local inhibition of host immune functions during tumour progression. 

 

Loss Expression of CD62L protein on Treg cells of RLNs 

The down regulation of L-selectin (CD62L) expression from the cell surface 

depends upon cell activation. Loss of CD62L expression is a useful indicator for T 

cell maturation, activation or terminal differentiation. The percentage of CD4+CD62L- 

cells in RLNs was higher than that in PLNs of B[a]P-treated mice at 22 weeks (Figure 



 
 
 
 
 
 
 
 
 
 
 
 

     

3-B) and the percentage of CD4+ CD62L+ cells in PLNs, belong to the naïve pool, was 

higher than that in RLNs (Figure 3-C). Further, the percentage of CD25+CD62L- cells 

in RLNs was higher than that in PLNs and no difference in CD25+CD62L+ between 

RLNs and PLNs (Figure 3-D, -E). The results implied that more Treg cells in the 

RLNs were at a different stage of maturation or activation. 

 

Expression of CCR1 and CCR5 transcripts on Treg cells of RLNs  

Chemokine receptors are important for T cell migration to lymph nodes, the 

expression of these receptors might distinguish characteristics on CD4+ cell subsets of 

RLNs and PLNs. To distinguish which factor attract Treg cells migrate to RLNs, the 

expression of CCR1, CCR4, CCR5, CCR6, CCR7 and CCR8 transcripts on purified 

CD4+CD25+ and CD4+CD25- T cells of RLNs and PLNs were analyzed. According to 

the results of RT-PCR, CD4+CD25+ T cells of RLNs specifically expressed CCR1 and 

CCR5 mRNA of B[a]P-treated mice at 32 weeks (Figure 4). CD4+CD25+ and 

CD4+CD25- T cells of RLNs and PLNs of B[a]P-treated mice also exhibited highly 

expression of CCR4, CCR6, CCR7 and CCR8 mRNA. Those results suggested that 

Treg of RLNs in forestomach tumours might posses a unique chemotactic profile for 

Treg cells migrating to inflammation site which responses for local immune 

suppression during tumor progression.   

 

Increased population of Treg cells in N1 RLNs of human gastric cancers 

To confirm the similar local immune surveillance via the increased prevalence of 

Treg cells in N1 RLNs of gastric cancer, the Treg cells and total CD4+ cells of PBMC, 

tumour tissues, and N1 regional lymph nodes from patients with early and advanced 

gastric cancer were examined. The frequency of Treg cells in total CD4+ T cells in 

PBMC, tumour, and N1 RLNs was significantly higher in gastric cancer patients than 



 
 
 
 
 
 
 
 
 
 
 
 

     

that in healthy donors, those in the tumour tissues and N1 RLNs were also 

significantly increased in advanced gastric cancer than that in early gastric cancer 

(Table 1). These findings confirm that the increase Treg cells in N1 RLNs is response 

for local immune dysfunction during progression of gastric cancer. 

 

Figure Legends 

Figure 1  CD4+CD25+ T cells express high level of Foxp3 transcripts. In (A), RLNs 

and PLNs CD4+CD25- (P2) and CD4+CD25+ (P3) T cells were sorted and stained with 

FITC-anti-CD25 and PE-anti-CD4 mAbs. Foxp3, IL-10, TGF-β1 and β-actin mRNA 

expression of CD4+CD25+ and CD4+CD25- cells in RLNs (B) and PLNs (C) in B[a]P 

and control mice at 32 weeks using RT-PCR. Lane 1 and 2: B[a]P mice. Lane 3 and 4: 

control mice. Lane 1 and 3: CD4+CD25- cells. Lane 2 and 4: CD4+CD25+ cells. In (D), 

relative Foxp3 expression from CD4+CD25- and CD4+CD25+ T cells using real-time 

quantitative PCR is shown after normalization to HPRT expression. 

 

Figure 2  The expression of Foxp3 protein of lymphocytes of RLNs (A) and PLNs 

(B) in B[a]P mice at 22 weeks. Foxp3 expression was determined as described in 

Materials and Methods. The histogram demonstrates FITC-conjugated Foxp3 staining 

(solid peak) and isotype control (hollow peak). In (C), the Foxp3 expression of RLNs 

vs PLNs were quantitated by flow cytometry. *P<0.05. 

 

Figure 3  Cell-surface expression of CD62L on CD4+ or CD25+ cells between RLNs 

and PLNs in B[a]P mice at 22 weeks. CD62L expression was determined as described 

in Materials and Methods and quantitated by flow cytometry. The lymphocytes of 

RLNs vs PLNs were quantitated by flow cytometry in CD4+CD25+ (A), CD4+CD62L- 

(B), CD4+CD62L+ (C), CD25+CD62L-(D), and CD25+CD62L+ (E). *P<0.05; 



 
 
 
 
 
 
 
 
 
 
 
 

     

**P<0.01. 

 

Figure 4  PCR analysis of chemokine receptor transcripts in CD4+CD25- and 

CD4+CD25+ cells. CCR1, CCR4, CCR5, CCR6, CCR7, CCR8 and β-actin mRNA 

expression of CD4+CD25- cells (lane 1, 3, 5, 7) and CD4+CD25+ (lane 2, 4, 6, 8) in 

RLNs (lane 1, 2, 3, 4) and PLNs (lane 5, 6, 7, 8) in B[a]P (lane 1, 2, 5, 6) and control 

(lane 3, 4, 7, 8) mice at 32 weeks using RT-PCR. 

  

Table 1  The distribution of Treg cells in different tissues of gastric carcinoma 

patients 

Stage of gastric cancer CD4+CD25+ (% of CD4+ cells)

Gastric cancer  

Early cancer (n=21) 

PBMC 

N1 regional lymph nodes 

Tumor tissues 

 

Advanced cancer (n=79) 

PBMC 

N1 regional lymph nodes 

Tumor tissues 

 

Healthy donor (n=7) 

 

 

15.6 ± 3.4 

11.1 ± 2.5 

13.2 ± 4.0 

 

 

25.2 ± 3.0* 

26.5 ± 2.6* 

33.2 ± 4.7* 

 

8.3 ± 1.7 

*: P<0.05 compared to early cancer. 
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Figure 2 
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Figure 3
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Figure 4

CCR4
CCR5

CCR1

β-actin

CCR6

1    2    3    4    5    6    7    8 

CCR7
CCR8


