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Introduction

The prognostic value of determining mRNA levels of two markers for regulatory T cells, IL-10 and FoxP3, in lymph nodes (LNs) and primary tumors of colon cancer (CC) patients receiving curative surgery was investigated.





Methods

mRNA levels were determined by real-time qRT-PCR in 370 LNs from 120 CC patients representing all four TNM stages, 66 primary tumors, 30 normal colon tissue samples and appropriate cell lines. Protein expression was analyzed by immunohistochemistry. Patients were followed for 12 years.





Results

High levels of IL-10 mRNA in LNs were associated with poor prognosis with shorter mean survival time of 10 and 32 months (p = 0.001 and p = 0.004) at 5- and 12-year follow-up with hazard ratios of 12.4 and 6.3, respectively. No association between IL-10 level and prognosis was seen in the primary tumor. High levels of FoxP3 mRNA were associated with good prognosis, both in LNs and primary tumor. The difference in survival time was, however, small. Analysis of IL-10 mRNA in combination with LGR6 or CXCL17 mRNA in LNs generated patients with different risk of recurrence – low-, high- and very high risk. Immunohistochemistry identified IL-10 and FoxP3 positive cells located at the outer rim of tumor aggregates.





Conclusion

Level determinations of IL-10 mRNA in LNs are useful for prediction of outcome for CC patients after curative surgery. Low levels indicate that the patients do not require further treatment, while IL-10 in combination with LGR6 or CXCL17 can be used to identify patients at very high risk of recurrence.
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1 Introduction

Colon cancer (CC) is one of the most prevalent causes of cancer death worldwide. Although the incidence and death of CC are decreasing in several countries due to colonoscopy screening and improved treatment, CC still ranks third globally in morbidity and second in mortality (1). Surgery is the primary therapeutic option, often supplemented with other treatments including chemotherapy, anti-angiogenic therapy, and immunotherapy (2, 3).

The immune system is thought to play an important role in defending the individual from tumor development through effector cells of both adaptive and innate immunity. Different immune cells, including αβT-cells, γδT-cells, NK-cells, macrophages and dendritic cells participate in the defense. Tumor antigen directed CD8+T-cells with cytotoxic properties are implicated as particularly important effector cells in the anti-tumor defense. The immune system has many roles and includes cells with regulatory properties (Tregs) that are needed to maintain immune homeostasis, promote self-tolerance and prevent too excessive immune responses. Tregs express the transcription factor forkhead box protein P3 (FoxP3) and the cytokine interleukin-10 (IL-10). It is thought that tumor cells will defend themselves by manipulating the immune system either directly by expressing and releasing inhibitory factors and/or by over-activating regulatory T cells to release inhibitory factors such as the cytokine IL-10 (4–6).

IL-10 is a member of the class II cytokine family. The biologically active form is a soluble 36 kDa homodimer. To achieve a biological effect the IL-10 homodimer needs to interact with the heterotetrameric IL-10 receptor (IL-10R) on the responding cell. The receptor is composed of two ligand-binding subunits (IL-10RA) and two accessory-signal transducing IL-10RB subunits (7). Major cellular sources of IL-10 are T-cells including Tregs and TR1 cells (8). However, B-cells and monocytes/macrophages can also express IL-10 (8).

Of particular interest in relation to colorectal cancer (CRC) is that IL-10 plays a central role in normal intestinal homeostasis. Thus, IL-10 deficient mice spontaneously develop colitis while IL-10 deficient germ-free mice do not, indicating that IL-10 maintains tolerance to the commensal intestinal microflora (9). Genetic defects in the IL-10/IL-10R pathway in humans similarly lead to the development of severe early-onset colitis which can be cured by transplantation of stem cells producing the cytokine or cytokine receptor (10). These data point to a non-redundant role of IL-10. The role of IL-10 in the immune system is versatile - not only can IL-10 inhibit the synthesis of a variety of cytokines, both inflammatory and growth promoting, it can promote secretion of anti-inflammatory factors and regulate differentiation and proliferation of several types of immune cells. As a result of these opposing functions of IL-10, it may promote or inhibit tumor formation and progression depending on tumor type and stage in tumor development (11–15).

The transcription factor FoxP3 is identified as an essential factor for the function of Tregs and an obligatory marker of CD4+CD25+Tregs (16). Immune cell suppression by Tregs is achieved by production and release of cytokines, including IL-10 and transforming growth factor-β (TGF-β) (17). The number of Tregs in primary CRC tumor tissue is significantly higher than in normal colon tissue and most interestingly this difference is also seen in the draining lymph nodes (LNs) of the patients. Thus, metastatic LNs harbor significantly higher numbers of Tregs than non-metastatic LNs (18). As reviewed by D. Mougiakakos (19), based on ten independent studies, it is still an open question whether high numbers of Tregs, as defined by immunohistochemistry using antibodies against FoxP3 in analysis of the primary tumor, is prognostic in CRC. A more recent study (20) showed that patients with high FoxP3+ Treg density had significantly improved 5-year survival rate compared with those with low density. The Tregs were found in the invasive margin of the primary tumor.

It has become increasingly clear that neither single markers nor combinations thereof can define all and only Tregs. To date, only the functional capacity to inhibit immune responses defines a Treg and distinguishes Tregs from inflammatory T cells (Teffs) in humans (21).

In this study, we focus on mRNA analysis to investigate levels of IL-10 and FoxP3 in LNs of CC patients of all four TNM stages correlating levels to relapse in cancer up to 12 years after surgery. For comparative purposes the mRNA levels of the two biomarkers in the primary tumor were also investigated. Two new highly specific qRT-PCR assays with RNA copy standards for determining absolute expression levels were used. A limited number of tumors and LNs were also studied by immunohistochemistry. The most important finding was that high IL-10 mRNA levels in LNs was predictive of bad prognosis.




2 Materials and methods



2.1 The objectives of the study

The primary objective is to determine the IL-10 and FoxP3 mRNA levels by real-time qRT-PCR in 370 LNs from 120 CC patients representing all four TNM stages, 66 primary tumors, 30 control colon tissue samples and appropriate cell lines.

The secondary objective is to assess the prognostic value of IL-10 and FoxP3 mRNA levels in CC patients using Kaplan-Meier survival model and Cox regression analyses and examining the combined prognostic value of IL-10 with LGR6 and CXCL17 mRNAs.




2.2 Patients and study design

One hundred and twenty patients in whom locally radical tumor resection for CC was carried out were included on a continuous basis at two Swedish sites, the Norrland University Hospital in Umea and the Helsingborg Hospital in Helsingborg from November 2001 until February 2008. Inclusion criteria were primary surgery with intention to cure, willingness to participate in the study and no other cancer, except skin cancer excluding melanoma. LNs were collected from the resected specimen and bisected by the surgeon in the operating room. One half was formalin-fixed, embedded in an individual paraffin block and used in routine histopathology examination for pN classification. The other half was snap-frozen as fresh tissue and stored at -70 °C until RNA extraction. A total of 370 LNs, on average 3 per patient (range 1 - 13), were collected. Based on histopathology, 20 LNs were judged metastatic [H&E(+)], and 350 LNs were judged non-metastatic [H&E (–)]. A fresh tissue specimen of the primary tumor was also collected from 66 of the patients. These samples were treated in the same way as LNs and stored at -70 °C until RNA extraction. Tumor stage as judged by histopathology was pT2 (n=13), pT3 (n=42), and pT4 (n=11). Control LNs (n = 77) were collected from 13 patients (10 males and 3 females) with a median age of 23 years (range: 9-32), undergoing surgery for lipoma (n=1), Crohn’s disease (n=1), and ulcerative colitis (n=11). Normal colon tissue specimens for mRNA analysis were collected from the distal resection margin of 30 CC patients.

Immunohistochemistry was performed on 13 LNs, 10 primary tumor samples and 9 normal colon tissue samples. Seven of the LNs were H&E(+). These were from five stage III patients. Six LNs were H&E (–). These were from one patient in stage I, two in stage II, and two in stage III. Tumor stage of the primary tumors was: pT2 (n=1), pT3 (n=6), and pT4 (n=3).

Clinical features of the CC patients are shown in Table 1. None of the patients received chemotherapy before surgery. Outcome measure in survival analysis was relapse of cancer or cancer-specific death at 5-year and 12-year follow-up. No patients were lost at follow-up.


Table 1 | Clinical features of colon cancer (CC) patients who donated primary tumor tissue, normal colon tissue and lymph nodes for mRNA and immunohistochemistry (IHC) analyses.
	Type of analysis
	Clinical features of colon cancer (CC) patients
	Type of analyzed tissue


	Primary tumor
	Normal colon &
	Lymph nodes #



	mRNA
	N *
	66
	30
	120


	Gender
	Male
	30
	17
	54


	Female
	36
	13
	66


	Age (years)
	Median
	74
	72
	74


	Range
	(42-89)
	(57-85)
	(43-89)


	TNM stage
	I
	14
	7
	23


	II
	30
	17
	52


	III
	17
	4
	36


	IV
	5
	2
	9


	IHC
	N *
	10
	9
	10


	Gender
	Male
	5
	4
	2


	Female
	5
	5
	8


	Age (years)
	Median
	72
	70
	80


	Range
	(60-84)
	(41-83)
	(71-91)


	TNM stage
	I
	1
	1
	1


	II
	3
	3
	2


	III
	4
	2
	7


	IV
	2
	3
	–





* N: total number of CC patients who had donated tissue specimens of primary tumor, normal colon, and lymph nodes, respectively.

&Normal colon tissue: specimens gathered from the resection margins of primary tumors, distant from macroscopically detectable lesions.

#Lymph nodes of CC patients for mRNA analysis were retrieved from 120 CC patients. A total of 370 lymph nodes were gathered, of these, were 70 from 23 patients in stage I, 186 from 52 patients in stage II, 85 from 36 patients in stage III, and 29 from 9 patients in stage IV.

Lymph nodes of CC patients for IHC were retrieved from 10 CC patients. A total of 13 lymph nodes were analyzed, seven of these were metastatic, retrieved from five patients in stage III, and six were non-metastatic, retrieved from one patient in stage I, two patients in stage II, and two patients in stage III.






2.3 Cell lines

Total-RNA from 5 human CC cell lines (Caco2, T84, HCT8, HT29, LS174T), 1 human T cell line (Jurkat), 2 human B cell lines (CNB6, KR4), 1 human monocyte cell line (U937), 1 endothelial cell line (HUVEC), and primary foreskin fibroblasts (FSU) were from previous studies (22–25).




2.4 Real-time quantitative reverse transcriptase-polymerase chain reaction

qRT-PCR assays were constructed for absolute quantification of IL-10 and FoxP3 mRNAs, employing primers positioned in different exons, a reporter dye-labeled probe hybridizing over the exon boundary in the amplicon and specific RNA copy standards for the quantification. The IL-10 mRNA assay detects two transcript variants, NM_000572.3 and NM_001382624.1. The primers and probe sequences for IL-10 mRNA were forward primer 5'-GGAGAACCTGAAGACCCTCA-3', reverse primer 5'-TGCTCTTGTTTTCACAGGGA-3', and probe 5'-AGGCTACGGCGCTGTCATCGATTTC-3'. The FoxP3 mRNA assay detects two transcript variants, NM_014009.4 and NM_001114377.2. The primers and probe sequences for FoxP3 mRNA were forward primer 5'-GCACCTTCCCAAATCCCAGT-3', reverse primer 5'-GGCCACTTGCAGACACCAT-3' and probe 5'-CAGGAAGGACAGCACCCTTTCGGC-3'. FAM was the reporter dye, and NFQ-MGB was the quencher dye. The amplicon size was 70 bases for IL-10 and 107 bases for FoxP3. The qRT-PCR profile was 60 °C for 5 min and 95 °C for 1 min, followed by 45 cycles of 95 °C for 15 s and 60 °C for 1 min. RNA oligonucleotides with sequences identical to those in the areas amplified in the respective qRT-PCR assay were custom synthesized at Dharmacon (Lafayette, CO, USA) and used as RNA copy standards. Serial dilutions of the RNA copy standards at concentrations from 103 to 108 copies/μL were included in each qRT-PCR run. Concentrations of mRNAs in unknown samples were set from the standard curve and expressed as copies of mRNA/μL. The concentration of 18S rRNA was determined in each sample using a commercial real-time qRT-PCR assay (Applied Biosystems) and expressed as arbitrary units from a standard curve of serial dilutions of preparation of total RNA from human peripheral blood mononuclear cells. One unit was defined as the amount of 18S rRNA in 10 pg RNA (26). FoxP3 and IL-10 mRNA levels were expressed as copies/18S rRNA unit. qRT-PCR assays for carcinoembryonic antigen (CEA), C-X-C motif chemokine ligand 17 (CXCL17), and leucine rich repeat containing G protein-coupled receptor 6 (LGR6) mRNAs have previously been described (27–29).




2.5 Immunohistochemistry reagents

Mouse monoclonal antibodies (mAbs) against human IL-10 (IgG, Cat. No. 604-950, AbboMax, Inc. USA), human FoxP3 (IgG, eBioscience, Cat. No. 14-4777-82, ThermoFisher, USA), and CEA (IgG1, clone II-7, Dako, Glostrup, Denmark) were used. Mouse IgG ready-to-use (Dako), served as a negative control. The anti-mouse IgG ImmPRESS enhancement kit was used as a secondary reagent (Vector Laboratories, Burlingame, CA, USA), and the substrate used was 3,3′-diaminobenzidine (DAB; Vector Laboratories).




2.6 Immunohistochemistry procedure

Fresh tissue samples were rinsed with cold phosphate-buffered saline (PBS), snap-frozen in isopentane pre-cooled in liquid nitrogen, and stored at -70 °C. Frozen tissue was cut into 4–6 μm thick sections with a cryo-microtome (MICROM HM505E, Thermo Fisher, Waltham, MA, USA). As described previously (30, 31), the sections were fixed with 4% paraformaldehyde for 15 minutes, then air dried, rehydrated in PBS, and immersed in PBS containing 0.03% H2O2 and 2 mM NaN3 at 37 °C to quench endogenous peroxidase activity. Subsequently, the sections were incubated with 0.2% bovine serum albumin in PBS, which was followed by ImmPRESS ready-to-use horse-blocking serum (Vector Laboratories) at room temperature to block non-specific binding sites. Subsequently, the sections were incubated with primary antibodies, followed by incubation with ImmPRESS anti-mouse IgG. Bound peroxidase was revealed by incubation with 0.05% DAB and 0.03% H2O2 in 0.05 M Tris buffer (pH 7.6) at room temperature and was counterstained with methyl green. Anti-CEA mAb and mouse IgG instead of primary antibody served as positive and negative controls, respectively.




2.7 Statistical analysis

The statistical significance of differences in mRNA levels between primary CC tumors and normal colon tissues was calculated using two-tailed Mann-Whitney rank sum test. Kruskal-Wallis one-way analysis of variance (ANOVA) test, followed by Dunn's multiple comparison post hoc test, was employed to analyze statistical significance of differences in mRNA levels in LNs from various TNM stages, as well as in H&E(+) versus H&E(–) and control LNs, and LNs with different CEA levels. Non-parametric Spearman correlation coefficient test was used to evaluate correlations between mRNA levels of different biomarkers in primary tumors and LNs. The software utilized for statistical calculations was GraphPad Prism 9 (GraphPad Software, San Diego, CA, USA). Patients were grouped into those with high and low IL-10 and FoxP3 levels, respectively, using the median level across all analyzed samples of the respective mRNA as cut-off as a starting point. If no difference in disease-free survival was seen between the high and the low group, other cut-offs based on for instance sample distribution were investigated and used if a significant difference between the groups was found. The SPSS software (IBM Corporation, Armonk, NY, USA) was used for statistical analyses of differences between patient groups in disease-free survival time and analyses of risk of recurrent disease after surgery, according to the Kaplan-Meier survival model in combination with the log-rank test and univariate Cox regression analysis, respectively. A p-value ≤0.05 was considered statistically significant.





3 Results



3.1 Analysis of primary CC tumor and cell lines

The mRNA expression levels of IL-10 and FoxP3 in primary CC tumor, normal colon tissue, CC cell lines and immune cell lines are shown in Figure 1. IL-10 mRNA levels were slightly higher in primary tumors than in normal colon tissue (median 0.002 and 0.0015 mRNA copies/18S rRNA unit, respectively). For FoxP3 mRNA the difference in levels between primary tumor and normal colon tissue was larger (median 0.13 and 0.001 mRNA copies per 18S rRNA unit, respectively), mainly due to the fact that a major fraction of the normal colon samples did not express FoxP3 mRNA at all. Most interestingly, none of the five CC cell lines expressed IL-10 while IL-10 was expressed at high levels in the T-cell line Jurkat and at low levels in the B-cell line CNB6. FoxP3 mRNA was expressed at high levels in the T-cell line and at low levels in all five CC cell lines and the fibroblast cell line.

[image: Scatter plot comparing IL-10 and FoxP3 mRNA levels in primary tumor tissue of colon cancer patients versus normal colon tissue and a panel of cell lines. The data show that both IL-10 and FoxP3 levels are significantly higher in primary tumor tissue compared to normal colon tissue (p-values 0.03 and to <0.0001, respectively). IL-10 was not detected in any of five colon cancer cell lines or in fibroblasts but was high in the T cell line. FoxP3 was, similarly, expressed at high levels in the T cell line but also at moderate levels in all five colon cancer cell lines.]
Figure 1 | IL-10 and FoxP3 mRNA levels in primary tumor and cell lines. Levels of IL-10 and FoxP3 mRNAs in primary tumor tissue of colon cancer patients (CC), resected normal colon tissue (NC), and in a panel of colon cancer cell lines (Caco2, HCT8, HT29, LS174T, T84), a T-cell line (Jurkat), two B-cell lines (CNB6 and KR4), a monocyte cell line (U937), primary foreskin fibroblast cells (FSU), and an endothelial cell line (HUVEC). mRNA levels are quantified as mRNA copies/18S rRNA unit. Red horizontal bars indicate the median values. p-values were determined using two-tailed Mann-Whitney rank sum test.

IL-10 and FoxP3 protein expression were analyzed by immunohistochemistry using the consecutive section staining technique. To identify the tumor cells in the primary CC tumor we used staining with anti-CEA mAb. As can be seen in Figures 2D, E aggregates of tumor cells are clearly identified in the tissue section. Both anti-IL-10 and anti-FoxP3 (Figures 2A, B, G, H) stained cellular structures in the proximity of some of the tumor cell aggregates while no staining was seen in the normal colon tissue (Figures 2C, F, I, L). Taken together, these results indicate that IL-10 and probably also FoxP3 are expressed by cells in the tumor cell environment.

[image: Microscopic images of consecutive sections of primary tumor tissue immunohistochemically stained with IL-10 and FoxP3 specific monoclonal antibodies and with anti-CEA monoclonal antibody to identify the tumor cells. The micrographs show, at overview and close-up magnification, that anti-IL-10 and anti-FoxP3 stain cells in close proximity to the tumor cells but not the tumor cells themselves. These cells appear to be positive for both IL-10 and FoxP3. No IL-10 or FoxP3 positive cells were seen in normal colon tissue.]
Figure 2 | Distribution of IL-10 and FoxP3 positive cells in primary CC tumor and normal colon tissue. Immunoperoxidase stained tissue sections of a primary tumor tissue of colon cancer patients in (A, B, D, E, G, H, J, K) and normal colon tissue in (C, F, I, L). (A) primary tumor tissue stained with anti-IL-10 mAb in a consecutive section of (D), original magnification 100×. (B) higher magnification of the area indicated by a hatched box in (A), 400×. (C) normal colon tissue stained with anti-IL-10 mAb, original magnification 100×. (D) primary tumor tissue stained with anti-CEA mAb, original magnification 100×. (E) higher magnification of the area indicated by a hatched box in (D), 400×. (F) higher magnification of the area indicated by a hatched box in (C), 400×. (G) primary tumor tissue stained with anti-FoxP3 mAb in a consecutive section of (D), original magnification 100×. (H) higher magnification of the area indicated by a hatched box in (G), 400×. (I) normal colon tissue stained with anti-FoxP3 mAb, original magnification 100×. (J) negative control (mouse IgG) of a primary tumor tissue, original magnification 100×. (K) higher magnification of the area indicated by a hatched box in (J), 400×. (L) higher magnification of the area indicated by a hatched box in (I), 400×. (A, D, G) are consecutive sections.

To investigate whether high levels of IL-10- or FoxP3 mRNA were indicative of good or bad prognosis after surgery we used Cox regression analysis to calculate the hazard ratio for recurrence and Kaplan-Meier survival model combined with the log-rank test to evaluate differences in disease-free survival time after surgery. The results are shown in Table 2 and Figures 3A, B. No significant difference in disease-free survival between patients expressing high or low IL-10 mRNA levels in their primary tumors was seen. In contrast, high levels of FoxP3 mRNA were a sign of good prognosis with a difference in disease-free survival of 8 months at 5-year follow-up after surgery (p = 0.01) with a hazard ratio of 0.32. The 20th percentile (0.044 mRNA copies/18S rRNA unit) was used as cut-off for FoxP3.


Table 2 | Comparative analysis of average survival time and risk for recurrence of disease after surgery of colon cancer (CC) patients with IL-10(-) and IL-10(+) and FoxP3(-) and FoxP3(+) primary tumors.
	Patient group
	Category
	Number of patients in each TNM stage group
	Total
	5-year follow-up after surgery
	12-year follow-up after surgery


	Stage I
	Stage II
	Stage III
	Stage IV
	Disease-free survival a
	Risk for recurrence b
	Disease-free survival a
	Risk for recurrence b


	Average (Months)
	Difference (Months)
	P-value
	Hazard ratio (95% CI)
	P-value
	Average (Months)
	Difference (Months)
	P-value
	Hazard ratio (95% CI)
	P-value



	All CC Patients
	IL-10(-) c
	6
	16
	8
	3
	33
	53
	4
	0.4
	1.6
	0.4
	107
	2
	0.4
	1.5
	0.4


	IL-10(+)
	7
	15
	9
	2
	33
	49
	(0.6-4.1)
	105
	(0.6-3.9)


	FoxP3(-) d
	1
	5
	6
	1
	13
	45
	8
	0.01
	0.32
	0.02
	79
	37
	0.03
	0.35
	0.03


	FoxP3(+)
	12
	26
	11
	4
	53
	53
	(0.12-0.84)
	116
	(0.14-0.93)






a Mean survival time after surgery of CC patients as calculated by cumulative survival analysis according to Kaplan-Meier.

b Hazard ratio, with 95% confidence interval (CI), for risk of recurrence of CC patients as calculated according to univariate COX regression analysis.

c CC patients divided into the two groups IL-10(-) and IL-10(+) using the median value of IL-10 mRNA levels of primary tumors (0.002 mRNA copies/18S rRNA unit) as cut-off.

d CC patients divided into the two groups FoxP3(-) and FoxP3(+) using the 20th percentile of FoxP3 mRNA levels in all CC patients’ primary tumors (0.044 mRNA copies/18S rRNA unit) as cut-off.




[image: Colon cancer patients (n=66) divided into two groups expressing either high, (+), or low, (-), levels of IL-10 mRNA (Figure 3A) or FoxP3 mRNA (Figure 3B) in their primary tumor. Two graphs with Kaplan-Meier survival curves are displayed showing cumulative survival over 12-year follow-up after operation. No significant difference in disease-free survival between the IL-10(+) and IL-10(-) patient groups is observed (p = 0.4 at 5 and 12 years). The FoxP3(-) group showed lower survival compared to the FoxP3(+) group (p=0.01 and p=0.03 at 5- and 12-year follow-up, respectively).]
Figure 3 | Survival analysis based on IL-10 and FoxP3 mRNA levels in the primary tumor. Kaplan-Meier cumulative survival curves for 66 colon cancer patients divided into two groups, in (A) according to the median level of IL-10 mRNA in the primary tumors [0.0014 mRNA copies/18S rRNA unit; IL-10(-) and IL-10(+)] and in (B) according to the 20th percentile of FoxP3 mRNA levels of the primary tumors [0.044 FoxP3 mRNA copies/18S rRNA unit; FoxP3(-) and FoxP3(+)]. The patients were followed for 12 years. Differences in disease-free survival time after surgery between the two groups are given as Δ-values in months and statistical significance is given as p-values from log-rank test survival analysis. n = number of patients in the respective group.




3.2 Analysis of lymph nodes of CC patients

To investigate whether expression levels in LNs would reflect those in the primary tumor we performed pairwise comparisons using the LN expressing the highest level to compare with the patient's primary tumor (Table 3). There was no statistically significant correlation between the expression levels of either IL-10 or FoxP3 mRNAs at the two sites.


Table 3 | Pairwise comparisons of levels in the primary tumor and the highest lymph node of IL-10 and FoxP3 mRNAs in colon cancer (CC) patients.
	Patient group
	Pairwise comparison of mRNA levels in the highest lymph node and the corresponding primary tumor


	IL-10
	FoxP3


	r
	p-value
	r
	p-value



	All CC patients (n=66)
	0.006
	0.9
	-0.1
	0.4


	Stage I patients (n=14)
	0.4
	0.1
	-0.1
	0.7


	Stage II patients (n=30)
	-0.03
	0.9
	-0.1
	0.5


	Stage III patients (n=17)
	0.1
	0.6
	0.05
	0.8


	Stage IV patients (n=5)
	0.3
	0.6
	-0.7
	0.3





The correlation coefficients (r) and the p-values were calculated by two-tailed Spearman’s rank order correlation test.



The mRNA levels of IL-10 and FoxP3 in 370 LNs from 120 CC patients representing all four TNM stages and in 77 LNs of 13 control patients were determined. The results are shown in Figure 4 and in Supplementary Figure S1. The results are shown both for all LNs and for the LN with the highest value of the patient. For IL-10 mRNA there was a highly significant difference between stage III patients on one hand and stage I and II patients on the other. If only the highest LN was analyzed, stage IV LNs also expressed significantly higher levels than the two low TNM stages (Figures 4A, D). Significantly higher IL-10 mRNA levels were also seen in H&E(+) LNs compared with both H&E(-) LNs and control LNs (Figures 4B, E). Finally, if CEA(+) LNs were compared with CEA(-) nodes or nodes with intermediate CEA levels, the former expressed significantly higher IL-10 mRNA levels (Figures 4C, F). We conclude, that IL-10 mRNA levels in LNs are positively correlated with the presence of tumor cells both as defined by histopathology and by the tumor marker CEA. In contrast to IL-10 mRNA FoxP3 mRNA expression in LNs did not show any variation relative to either TNM stage, H&E positivity, or to CEA mRNA expression level (Supplementary Figure S1).

[image: Scatter plots showing IL-10 mRNA levels in lymph nodes of 120 colon cancer patients. Lymph nodes are divided into four categories based on TNM-stage, CEA mRNA level and metastatic or non-metastatic. Results for all 370 analyzed nodes and for the node with the highest level for each patient are displayed in a total of 6 plots. Nodes of stage III patients had significantly higher levels than nodes of stage I and II patients. Metastatic nodes had significantly higher levels than non-metastatic nodes. Nodes with high CEA levels had significantly higher IL-10 levels than nodes with intermediate and low CEA levels.]
Figure 4 | IL-10 mRNA levels in lymph nodes. IL-10 mRNA levels in all lymph nodes (A-C) and in the lymph node with the highest level for each patient (D-F). (A, D) show IL-10 mRNA levels in lymph nodes of non-cancerous disease patients (Control) and colon cancer patients in different TNM stage (Stage I–IV). (B, E) show IL-10 mRNA levels in metastatic lymph nodes of colon cancer patients [H&E(+)], non-metastatic nodes of colon cancer patients [H&E(-)] and lymph nodes of non-cancerous disease patients (Control). (C, F) show IL-10 mRNA levels in lymph nodes categorized into three groups according to their CEA mRNA levels [CEA(-) = CEA mRNA levels <0.013 copies/18S rRNA unit, CEA(int) = intermediate CEA mRNA levels, that is 0.013 to 3.67 copies/18S rRNA unit, and CEA(+) = CEA mRNA levels >3.67 copies/18S rRNA unit]. Dashed horizontal lines indicate the clinical cutoff value of IL-10 mRNA (0.006 mRNA copies/18S rRNA unit). Red horizontal lines indicate median values. n = number of analyzed lymph node samples. p-values were calculated by Kruskal–Wallis non-parametric ANOVA, followed by post hoc Dunn’s test for multiple comparisons.

To investigate whether the positive results obtained for IL-10 mRNA determinations in LNs of CC patients was in some way dependent on the house-keeping gene, i.e. 18S rRNA, we also calculated the IL-10 mRNA : FoxP3 mRNA ratio in relation to TNM stage, H&E positivity, and CEA mRNA level (Supplementary Figure S2). The result was identical to that obtained by determining IL-10 mRNA copies/18S rRNA unit supporting the conclusion that IL-10 mRNA expression levels are correlated to presence of tumor cells in LNs.

IL-10 and FoxP3 expressions at the protein level were determined also in LNs by using the consecutive immunohistochemistry technique. Figure 5 shows a representative result. Anti-CEA mAb identified several tumor cell aggregates in the LN (Figures 5D, E). In H&E(+) LNs, both anti-IL-10 and anti-FoxP3 mAbs detect cells in close vicinity to the CEA positive tumor cell aggregates (Figures 5A, B and Figures 5G, H) strongly supporting the view that cells in the tumor cell microenvironment express both biomarkers. Occasionally a few IL-10 and FoxP3 positive cells were seen in H&E(-) LNs (Figures 5C, F and Figures 5I, L).

[image: Microscopic images of consecutive sections of a metastatic lymph node immunohistochemically stained with IL-10 and FoxP3 specific monoclonal antibodies and with anti-CEA monoclonal antibody to identify the tumor cells. The micrographs show, at overview and close-up magnification, that anti-IL-10 and anti-FoxP3 stain cells near a tumor cell aggregate but not the tumor cells themselves. Most of the IL-10 positive cells appear to be positive also for FoxP3. Only few, scattered IL-10 and FoxP3 positive cells are seen in a non-metastatic lymph node.]
Figure 5 | Distribution of IL-10 and FoxP3 positive cells in metastatic and non-metastatic lymph nodes. Immunoperoxidase stained tissue sections of lymph nodes of a colon cancer patient. (A, B, D, E, G, H, J, K) show sections of a metastatic lymph node [H&E(+)] and (C, F, I, L) a non-metastatic lymph node [H&E(-)]. (A) H&E(+) lymph node stained with anti-IL-10 mAb in a consecutive section of (D), original magnification 100×. (B) higher magnification of the area indicated by a hatched box in (A), 400x. (C) H&E(-) lymph node stained with anti-IL-10 mAb, original magnification 100x. (D) H&E(+) lymph node stained with anti-CEA mAb, original magnification 100×. (E) higher magnification of the area indicated by a hatched box in (D), 400×. (F) higher magnification of the area indicated by a hatched box in (C), 400×. (G) H&E(+) lymph node stained with anti-FoxP3 mAb in a consecutive section of (D), original magnification, 100×. (H) higher magnification of the area indicated by a hatched box in (G), 400x. (I) H&E(-) lymph node stained with anti-FoxP3 mAb, original magnification,100x. (J) negative control (mouse IgG) of an H&E(+) lymph node, original magnification 100×. (K) higher magnification of the area indicated by a hatched box in (J), 400×. (L) higher magnification of the area indicated by a hatched box in (I), 400×. (A, D, G) are consecutive sections.

The utility of IL-10 mRNA analysis of LNs either alone or in combination with other biomarkers for predicting outcome was investigated. Figure 6 and Table 4 summarize the results. Of greatest interest are the findings with IL-10 alone and IL-10 in combination with LGR6. IL-10 alone separates the patients into two groups one with very low risk of recurrence expressing low levels of IL-10 and another group with significantly worse risk expressing high IL-10 mRNA levels (Figure 6A: Δ = 10 months at 5 years, p = 0.001; Table 4: hazard ratio = 12.4 at 5-year follow-up, p = 0.01). Further division of the IL-10 high group is achieved both with LGR6 and CXCL17 (Figures 6C, D). Note that the group with high levels of the marker is having the worst prognosis. For LGR6 the group with high levels contained 27 patients (Δ = 10 months at 5-year of follow-up, p = 0.01; Table 4: hazard ratio = 2.4 at 5 years, p = 0.02). Thus, by combining the two markers, three groups of patients with clearly different prognosis from good, to relatively poor to very poor can be identified. Using CXCL17 as the partner to IL-10, a similar division into three risk groups was achieved (Figure 6D).

[image: Two graphs showing Kaplan-Meier survival analysis as cumulative survival over 12 years of colon cancer patients (n=120) divided into two groups based on IL-10 and FoxP3 mRNA levels in their highest lymph node. Two additional graphs showing survival of the patients with high IL-10 levels [IL-10(+); n=90] divided into two groups based on LGR6 or CXCL17 mRNA levels. The IL-10(-) group had very low recurrence frequency (2 of 30 patients). Patients with very high risk were identified in the IL-10(+) group by high levels of LGR6. Differences in recurrence frequency was marginal between the FoxP3(+) and FoxP3(-) groups.]
Figure 6 | Survival analysis based on IL-10 mRNA levels in lymph nodes. Kaplan-Meier cumulative survival curves of colon cancer patients divided into two groups according to biomarker mRNA levels. (A) all 120 colon cancer patients divided into IL-10(+) and IL-10(-) groups using the median value of IL-10 mRNA levels in lymph nodes of patients in the H&E(-) group (0.006 mRNA copies/18S rRNA unit) as cutoff. (B) all 120 colon cancer patients divided into FoxP3(+) and FoxP3(-) groups using the median value of FoxP3 mRNA levels in lymph nodes in the H&E(+) group (1.016 mRNA copies/18S rRNA unit) as cutoff. (C) 90 colon cancer patients with IL-10 mRNA levels >0.006 copies/18S rRNA unit in their highest lymph node [IL-10(+)] divided into LGR6(+) and LGR6(-) groups using the established cutoff 0.0471 LGR6 mRNA copies/18S rRNA unit (reference 29). (D) 90 IL-10(+) colon cancer patients divided into CXCL17(+) and CXCL17(-) groups using the established cutoff >0.0003 CXCL17 mRNA copies/18S rRNA unit (reference 28). The dashed vertical lines indicate 5-year follow-up after surgery. Differences in disease-free survival time after surgery between the two groups are given as Δ-values in months and statistical significance as p-values from log-rank test of survival analysis.


Table 4 | Comparative analysis of average survival time after surgery and risk for recurrence of disease of colon cancer (CC) patients with IL-10(-) and IL-10(+) and FoxP3(-) and FoxP3(+) lymph nodes and patients with IL10(+) lymph nodes combined with other biomarkers.
	Patient group
	Category
	Number of patients in each TNM stage group
	Total
	5-year follow-up after surgery
	12- year follow-up after surgery


	Stage I
	Stage II
	Stage III
	Stage IV
	Disease-free survivala
	Risk for recurrenceb
	Disease-free survivala
	Risk for recurrenceb


	Average (Months)
	Difference (Months)
	P- value
	Hazard ratio (95% CI)
	P-value
	Average (Months)
	Difference (Months)
	P-value
	Hazard ratio (95% CI)
	P- value



	All CC Patients
	IL-10(-)c
	7
	20
	3
	0
	30
	59
	10
	0.001
	12.4
	0.01
	134
	32
	0.004
	6.3
	0.01


	IL-10(+)
	16
	32
	33
	9
	90
	49
	(1.7-91.2)
	102
	(1.5-26.3)


	FoxP3(-)d
	5
	11
	12
	3
	31
	48
	4
	0.03
	0.5
	0.04
	94
	12
	0.03
	0.5
	0.03


	FoxP3(+)
	18
	41
	24
	6
	89
	52
	(0.23-0.96)
	106
	(0.24-0.95)


	IL10(+) CC patientse
	CXCL17(-)f
	9
	17
	15
	1
	42
	53
	8
	0.02
	2.5
	0.02
	117
	40
	0.03
	2.2
	0.04


	CXCL17(+)
	7
	15
	18
	8
	48
	45
	(1.2-5.4)
	77
	(1.0-4.6)


	LGR6(-)g
	13
	25
	23
	2
	63
	52
	10
	0.01
	2.4
	0.02
	110
	38
	0.04
	2.1
	0.04


	LGR6(+)
	3
	7
	10
	7
	27
	42
	(1.2-4.8)
	72
	(1.0-4.1)






a Mean survival time after surgery for CC patients as calculated by cumulative survival analysis according to Kaplan–Meier.

b Hazard ratio, with 95% confidence interval (CI), for risk of recurrence of CC patients as calculated according to univariate COX regression analysis.

c CC patients divided into the two groups IL-10(-) and IL-10(+) using the median value of IL-10 mRNA levels in lymph nodes from CC patients in the H&E(-) group (0.006 mRNA copies/18S rRNA unit) as cut-off.

d CC patients divided into the two groups FoxP3(-) and FoxP3(+) using the median value of FoxP3 mRNA levels in lymph nodes from CC patients in the H&E(+) group (1.016 mRNA copies/18S rRNA unit) as cut-off.

e CC patient group with IL-10 mRNA levels above 0.006 mRNA copies/18S rRNA unit.

f CC patients divided into the two groups CXCL17(-) and CXCL17(+) using a cut-off value of 0.0003 mRNA copies/18S rRNA unit (ref. 28).

g CC patients divided into the two groups LGR6(-) and LGR6(+) using a cut-off value of 0.0471 mRNA copies/18S rRNA unit (ref. 29).




Dividing LNs into a FoxP3 mRNA high and a low expression group demonstrated, firstly, that the prognosis is worse for the group with low FoxP3 mRNA levels and, secondly, the difference is small and probably not clinically useful (Figure 6B).

Supplementary Table S1 shows the results of correlation analysis between IL-10 mRNA levels and FoxP3-, CXCL17- and LGR6 mRNA levels in LNs of CC patients. Compatible with the survival data, the best correlation was seen between IL-10 and LGR6, followed by IL-10 and CXCL17 while there was poor correlation between IL-10 and FoxP3.





4 Discussion

This study is compatible with the notion that IL-10 expressing cells in the regional LNs of CC patients has a tumor growth promoting role. Thus, high levels of IL-10 mRNA in LNs of CC patients indicate poor survival after surgery in patients operated for cure. Reversely, low levels of IL-10 mRNA indicate a very low risk of recurrence up to 12 years of follow-up. The tumor promoting role of cells expressing high levels of IL-10 mRNA is not seen in the primary tumor. Whether this points to a dual role of IL-10 – inhibiting or promoting tumor growth depending on the susceptibility of the tumor cells at different stages of their development or due to interaction between IL-10 producing cells and other cells in the two environments is an open question.

In line with our finding that IL-10 mRNA levels are significantly higher in LNs from TNM stage III patients compared to the primary site (12 times concentration difference) is the work by Townsend et al. (15). These authors used an immunohistochemical assay to quantify IL-10 protein levels in entire tissue sections comparing primary tumor with metastatic sites. An elevated expression level of IL-10 in the metastatic site was found while a parallel analysis of TGF-β did not show a difference between the two sites. Moreover, high levels of IL-10 in regional LNs were found to be associated with metastasis (32).

Our immunohistochemical results indicate that the IL-10 producing cells belong to cells of the tumor microenvironment at both the primary and secondary sites and that increase in IL-10 levels is not due to ectopic expression in the tumor cells themselves. Support for this notion is that none of 5 CC cell lines investigated here expressed IL-10 mRNA, a result in line with the findings by Uhlén et al., in Human Protein Atlas (33), where 46 of 48 human CC cell lines were IL-10 mRNA negative. It is likely that the IL-10 producing cells in the LNs of CC patients are regulatory T-cells since a closely similar staining pattern was obtained with mAbs against FoxP3. Our finding in LNs of CC patients is in line with a recent study by Shiri et al., 2024 (34) who demonstrated, in animal models of colon cancer, that IL-10 produced by regulatory T-cells activate monocytes locally to upregulate PD-L1 which in turn interacts with PD1 on cytotoxic T-cells (CTLs) to inhibit their production of granzyme B. This inhibition of cytotoxicity by the CTLs promoted growth of liver metastases. Further studies are needed to reveal the mechanism behind the tumor promoting effect of IL-10 at secondary sites in humans.

The second take home lesson from this study is that selected biomarkers can successfully be combined with IL-10 to achieve further subdivision of the IL-10(+) patients into groups with different degrees of risk of recurrence. Here we show that combination of IL-10 with LGR6 allows further division of the IL-10(+) group. Thus, these two biomarkers give rise to three risk groups - very low risk, high risk and very high risk requiring different treatment strategies. Similar results were obtained by combining IL-10 with CXCL17. CXCL17 was chosen from our previous studies on the capacity of cytokines/chemokines to predict recurrence in CRC. In all we have investigated eight pleiotropic chemokines belonging to different ligand – receptor families with the potential to influence the micromilieu of the tumor in different ways. These were CCL2, CXCL9, CXCL10, CXCL12, CXCL14, CXCL16, CXCL17 and MIF (24, 25, 28, 31, 35). Of these, CXCL16 and CXCL17 had the highest prognostic value when expressed at high levels in LNs. Interestingly, both were ectopically expressed in the tumor cells.

FoxP3 mRNA analysis has little value as a prognostic marker in CC. Although there was a difference in levels in the primary tumor of patients with poor prognosis compared to those with better prognosis, the difference was small. Moreover, FoxP3 levels in patient's regional LNs did not vary with TNM-stage or CEA mRNA levels. The result is perhaps surprising since FoxP3 is considered to be a marker for regulatory T cells, but FoxP3 was also found to be expressed in other cells including fibroblasts.

In our studies on the prognostic value of biomarkers we have focused on mRNA analyses of tumor tissue using real-time qRT-PCR with RNA copy standard because we consider this method to be very suitable for a clinical setting. The method is highly sensitive and specific, allows quantification of different or all splice variants of a biomarker by appropriate choice of primers and probe, requires very limited amount of RNA, is robust and easily adaptable for automation. Furthermore, several biomarkers can be analyzed in parallel in the same aliquot of a sample as we demonstrated in the COLONODE-study in which 20 LN samples were analyzed for levels of 5 biomarker mRNAs and a house-keeping gene in one qRT-PCR run (36). In our view this method is superior to RNA-seq or analyses at the protein level, such as Western-blot or ELISA, for prognostic evaluation because of the higher specificity and sensitivity as well as the smaller amount of tissue required. A disadvantage is, however, that analyses at the mRNA level do not allow investigation of posttranslational modifications of the biomarker protein. Microscopic examination of primary and secondary tumor tissue has lower prognostic value, even when using specific monoclonal antibodies in immunohistochemistry (27, 36, 37). These methods provide spatial distribution and localization within the tumor tissue and are therefore useful for understanding of mechanisms of interaction in the tumor microenvironment.

For liquid biopsies, including vesicles in blood, plasma, serum and urine, analysis at the protein level is probably preferrable over mRNA analysis because no good method for normalization of mRNA levels is yet available. On the other hand, the capacity of a biomarker to predict outcome might be blurred by the systemic immune status of the patient giving different background levels of cytokines as IL-10.

A limitation with this study is the relatively small number of CC patients that was included - 120 patients donating 370 LNs. Moreover, the majority of patients were of Scandinavian origin. Future prospective studies with comprehensive clinical documentation are warranted to validate and expand our findings.




5 Conclusion

Determination of IL-10 mRNA levels in regional LNs is useful for prediction of outcome for CC patients receiving curative surgery. Low levels of IL-10 mRNA is an excellent marker to identify those patients who do not need further treatment after surgery, while IL-10 in combination with LGR6 or CXCL17 can be used for identification of patients at very high risk of recurrence.
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Supplementary Figure 1 | FoxP3 mRNA levels in lymph nodes. FoxP3 mRNA levels in all lymph nodes (A-C) and the lymph node with the highest level for each patient (D-F). (A, D) show FoxP3 mRNA levels in lymph nodes of non-cancerous disease patients (Control) and colon cancer patients in different TNM stage (Stage I–IV). (B, E) show FoxP3 mRNA levels in metastatic lymph nodes of colon cancer patients [H&E(+)],non-metastatic nodes of colon cancer patients [H&E(-)] and lymph nodes of non-cancerous disease patients (Control). (C, F) show FoxP3 mRNA levels in lymph nodes categorized into three groups according to their CEA mRNA levels [CEA(-) = CEA mRNA levels <0.013 copies/18S rRNA unit, CEA(int) = intermediate CEA mRNA levels, that is 0.013 to 3.67 copies/18S rRNA unit, and CEA(+) = CEA mRNA levels >3.67 copies/18S rRNA unit]. Dashed horizontal lines indicate the clinical cutoff value of FoxP3 mRNA (1.016 mRNA copies/18S rRNA unit). Red horizontal lines indicate median values. n = number of analyzed lymph node samples. p-values were calculated by using Kruskal–Wallis non-parametric ANOVA, followed by post hoc Dunn’s test for multiple comparisons.

Supplementary Figure 2 | IL-10:FoxP3 mRNA ratio in lymph nodes.IL-10:FoxP3 ratio in lymph nodes of 120 colon cancer patients and 13 patients with non-cancerous disease. Each patient is represented by the lymph node with the highest ratio. (A) IL-10:FoxP3 ratio in lymph nodes from non-cancerous disease patients (Control) and colon cancer patients in different TNM stage (Stage I–IV). (B) IL-10:FoxP3 ratio in metastatic lymph nodes of colon cancer patients [H&E(+)],non-metastatic nodes of colon cancer patients [H&E(-)], and lymph nodes of non-cancerous disease patients (Control). (C) shows IL-10:FoxP3 ratio in lymph nodes categorized into three groups according to their CEA mRNA levels [CEA(-) = CEA mRNA levels <0.013 copies/18S rRNA unit, CEA(int) = intermediate CEA mRNA levels, that is 0.013 to 3.67 copies/18S rRNA unit, and CEA(+) = CEA mRNA levels >3.67 copies/18S rRNA unit]. The ratio was calculated by dividing the IL-10 mRNA level by the FoxP3 mRNA level of the same lymph node. n = number of lymph node samples, one per patient. Red horizontal lines indicate the median values. Dashed horizontal lines indicate the clinical cutoff value (0.005). p-values were calculated by using Kruskal–Wallis non-parametric ANOVA, followed by post hoc Dunn’s test for multiple comparisons.




References

	 Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA: Cancer J Clin. (2021) 71:209–49. doi: 10.3322/caac.21660, PMID: 33538338


	 Sitohy B, Chang S, Sciuto TE, Masse E, Shen M, Kang PM, et al. Early actions of anti-vascular endothelial growth factor/vascular endothelial growth factor receptor drugs on angiogenic blood vessels. Am J Pathol. (2017) 187:2337–47. doi: 10.1016/j.ajpath.2017.06.010, PMID: 28736316


	 Kumar A, Gautam V, Sandhu A, Rawat K, Sharma A, Saha L. Current and emerging therapeutic approaches for colorectal cancer: A comprehensive review. World J Gastrointest Surg. (2023) 15:495–519. doi: 10.4240/wjgs.v15.i4.495, PMID: 37206081


	 Wozniakova M, Skarda J, Raska M. The role of tumor microenvironment and immune response in colorectal cancer development and prognosis. Pathol Oncol Res. (2022) 28:1610502. doi: 10.3389/pore.2022.1610502, PMID: 35936516


	 Li Z, Li D, Tsun A, Li B. FOXP3+ regulatory T cells and their functional regulation. Cell Mol Immunol. (2015) 12:558–65. doi: 10.1038/cmi.2015.10, PMID: 25683611


	 Maggi E, Munari E, Landolina N, Mariotti FR, Azzarone B, Moretta L. T cell landscape in the microenvironment of human solid tumors. Immunol Lett. (2024) 270:106942. doi: 10.1016/j.imlet.2024.106942, PMID: 39486594


	 Carlini V, Noonan DM, Abdalalem E, Goletti D, Sansone C, Calabrone L, et al. The multifaceted nature of IL-10: regulation, role in immunological homeostasis and its relevance to cancer, COVID-19 and post-COVID conditions. Front Immunol. (2023) 14:1161067. doi: 10.3389/fimmu.2023.1161067, PMID: 37359549


	 Geginat J, Larghi P, Paroni M, Nizzoli G, Penatti A, Pagani M, et al. The light and the dark sides of Interleukin-10 in immune-mediated diseases and cancer. Cytokine Growth Factor Rev. (2016) 30:87–93. doi: 10.1016/j.cytogfr.2016.02.003, PMID: 26980675


	 Sellon RK, Tonkonogy S, Schultz M, Dieleman LA, Grenther W, Balish E, et al. Resident enteric bacteria are necessary for development of spontaneous colitis and immune system activation in interleukin-10-deficient mice. Infect Immun. (1998) 66:5224–31. doi: 10.1128/IAI.66.11.5224-5231.1998, PMID: 9784526


	 Glocker EO, Kotlarz D, Klein C, Shah N, Grimbacher B. IL-10 and IL-10 receptor defects in humans. Ann N Y Acad Sci. (2011) 1246:102–7. doi: 10.1111/j.1749-6632.2011.06339.x, PMID: 22236434


	 Wang X, Wong K, Ouyang W, Rutz S. Targeting IL-10 family cytokines for the treatment of human diseases. Csh Perspect Biol. (2019) 11:a028548. doi: 10.1101/cshperspect.a028548, PMID: 29038121


	 Oft M. L-10: master switch from tumor-promoting inflammation to antitumor immunity. Cancer Immunol Res. (2014) 2:194–2199. doi: 10.1158/2326-6066.CIR-13-0214, PMID: 24778315


	 Mannino MH, Zhu Z, Xiao H, Bai Q, Wakefield MR, Fang Y. The paradoxical role of IL-10 in immunity and cancer. Cancer Lett. (2015) 367:103–7. doi: 10.1016/j.canlet.2015.07.009, PMID: 26188281


	 Kundu N, Fulton AM. Interleukin-10 inhibits tumor metastasis, downregulates MHC class I, and enhances NK lysis. Cell Immunol. (1997) 180:55–61. doi: 10.1006/cimm.1997.1176, PMID: 9316639


	 Townsend MH, Felsted AM, Piccolo SR, Robison RA, O'Neill KL. Metastatic colon adenocarcinoma has a significantly elevated expression of IL-10 compared with primary colon adenocarcinoma tumors. Cancer Biol Ther. (2018) 19:913–20. doi: 10.1080/15384047.2017.1360453, PMID: 28812429


	 Fontenot JD, Rasmussen JP, Williams LM, Dooley JL, Farr AG, Rudensky AY. Regulatory T cell lineage specification by the forkhead transcription factor foxp3. Immunity. (2005) 22:329–41. doi: 10.1016/j.immuni.2005.01.016, PMID: 15780990


	 Whiteside TL. What are regulatory T cells (Treg) regulating in cancer and why? Semin Cancer Biol. (2012) 4:327–34. doi: 10.1016/j.semcancer.2012.03.004, PMID: 22465232


	 Gai XD, Song Y, Li C, Lei YM, Yang B. Potential role of plasmacytoid dendritic cells for FOXP3+ regulatory T cell development in human colorectal cancer and tumor draining lymph node. Pathol Res Pract. (2013) 209:774–8. doi: 10.1016/j.prp.2013.08.011, PMID: 24080284


	 Mougiakakos D. Regulatory T cells in colorectal cancer: from biology to prognostic relevance. Cancers. (2011) 3:1708–31. doi: 10.3390/cancers3021708, PMID: 24212779


	 Vlad C, Kubelac P, Fetica B, Vlad D, Irimie A, Achimas-Cadariu P. The prognostic value of FOXP3+ T regulatory cells in colorectal cancer. J buon. (2015) 20:114–9., PMID: 25778305


	 Gootjes C, Zwaginga JJ, Roep BO, Nikolic T. Defining human regulatory T cells beyond FOXP3: the need to combine phenotype with function. Cells. (2024) 13:941. doi: 10.3390/cells13110941, PMID: 38891073


	 Ohlsson L, Hammarström ML, Israelsson A, Näslund L, Öberg A, Lindmark G, et al. Biomarker selection for detection of occult tumour cells in lymph nodes of colorectal cancer patients using real-time quantitative RT-PCR. Br J Cancer. (2006) 95:218–25. doi: 10.1038/sj.bjc.6603206, PMID: 16755296


	 AbdelMageed M, Ismail HTH, Olsson L, Lindmark G, Hammarström M-L, Hammarström S, et al. Clinical significance of stem cell biomarkers EpCAM, LGR5 and LGR4 mRNA levels in lymph nodes of colon cancer patients. Int J Mol Sci. (2021) 23:403. doi: 10.3390/ijms23010403, PMID: 35008827


	 Olsson L, Lindmark G, Hammarström M-L, Hammarström S, Sitohy B. Evaluating macrophage migration inhibitory factor 1 expression as a prognostic biomarker in colon cancer. Tumor Biol. (2020) 42:1010428320924524. doi: 10.1177/1010428320924524, PMID: 32515296


	 Ali H, AbdelMageed M, Olsson L, Lindmark G, Hammarström M-L, Hammarström S, et al. Detection of lymph node metastasis in colon cancer by ectopically expressed fibroblast markers FOXQ1 and THBS2. Front Oncol. (2023) 13:1297324. doi: 10.3389/fonc.2023.1297324, PMID: 38156105


	 Bas A, Forsberg G, Hammarström S, Hammarström ML. Utility of the housekeeping genes 18S rRNA, β-actin and glyceraldehyde-3-phosphate-dehydrogenase for normalization in real-time quantitative reverse transcriptase-polymerase chain reaction analysis of gene expression in human T lymphocytes. Scand J Immunol. (2004) 59:566–73. doi: 10.1111/j.0300-9475.2004.01440.x, PMID: 15182252


	 Ohlsson L, Israelsson A, Öberg A, Palmqvist R, Stenlund H, Hammarström ML, et al. Lymph node CEA and MUC2 mRNA as useful predictors of outcome in colorectal cancer. Int J Cancer. (2012) 130:1833–43. doi: 10.1002/ijc.26182, PMID: 21618511


	 Rashad Y, Olsson L, Israelsson A, Öberg A, Lindmark G, Hammarström ML, et al. Lymph node CXCL17 messenger RNA: A new prognostic biomarker for colon cancer. Tumor Biol. (2018) 40:1010428318799251. doi: 10.1177/1010428318799251, PMID: 30198422


	 Eltorky H, AbdelMageed M, Ismail H, Zahran F, Guirgis A, Olsson L, et al. LGR6 is a prognostic biomarker for less differentiated tumors in lymph nodes of colon cancer patients. Front Oncol. (2024) 14:1393075. doi: 10.3389/fonc.2024.1393075, PMID: 38715790


	 Sitohy B, Hammarström S, Danielsson A, Hammarström ML. Basal lymphoid aggregates in ulcerative colitis colon: a site for regulatory T cell action. Clin Exp Immunol. (2008) 151:326–33. doi: 10.1111/j.1365-2249.2007.03566.x, PMID: 18190460


	 AbdelMageed M, Ali H, Olsson L, Lindmark G, Hammarström M-L, Hammarström S, et al. The chemokine CXCL16 is a new biomarker for lymph node analysis of colon cancer outcome. Int J Mol Sci. (2019) 20:5793. doi: 10.3390/ijms20225793, PMID: 31752131


	 Miteva LD, Stanilov NS, GМ C. Stanilova SA: Upregulation of Treg-related genes in addition with IL6 showed the significant role for the distant metastasis in colorectal cancer. Cancer Microenviron. (2017) 10:69–76. doi: 10.1007/s12307-017-0198-5, PMID: 28868572


	 Uhlen M FL, Hallström B, Lindskog C, Oksvold P. The human protein atlas Sweden (2015). Available online at: https://www.proteinatlas.org (Accessed February 28, 2025).


	 Shiri AM, Zhang T, Bedke T, Zazara DE, Zhao L, Lücke J, et al. IL-10 dampens antitumor immunity and promotes liver metastasis via PD-L1 induction. J Hepatol. (2024) 80:634–44. doi: 10.1016/j.jhep.2023.12.015, PMID: 38160941


	 Ohlsson L, Hammarström M-L, Lindmark G, Hammarström S, Sitohy B. Ectopic expression of the chemokine CXCL17 in colon cancer cells. Br J Cancer. (2016) 114:697–703. doi: 10.1038/bjc.2016.4, PMID: 26889977


	 Lindmark G, Olsson L, Sitohy B, Israelsson A, Blomqvist J, Kero S, et al. qRT-PCR analysis of CEACAM5, KLK6, SLC35D3, MUC2 and POSTN in colon cancer lymph nodes – an improved method for assessment of tumor stage and prognosis. Int J Cancer. (2024) 154:573–84. doi: 10.1002/ijc.34718, PMID: 37700602


	 Öberg A, Lindmark G, Israelsson A, Hammarström S, Hammarström M-L. Detection of occult tumor cells in lymph nodes of colorectal cancer patients using real-time quantitative RT-PCR for CEA and CK20 mRNAs. Int J Cancer. (2004) 111:101–10. doi: 10.1002/ijc.20231, PMID: 15185350







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2025 Mohamed, Ismail, Zahran, Zein, Lindmark, Hammarström, Hammarström and Sitohy. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fimmu-16-1589533-g006.jpg
A IL-10 mRNA level in the highest lymph node B FoxP3 mRNA level in the highest lymph node
All CC patients

All CC patients

Cumulative Survival

1.0 IL-10(-) |
n=30 1.0
C_U —
2 08 S 0.8
e . 2
= : -
2 0.6 IL-10(+) N 0.6
2 H =90 g
© 0.4 T 0.4
> E
g £
- :
3 02 3 02
A=4 A=12
0.0 . 0.0 p=0.03 p=0.03
.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 .00 20.00 40.00 60.00 80.00 100.00 120.00 140.00
C . . D . .
LGR6 mRNA levels in the highest lymph node CXCL17 mRNA levels in the highest lymph node
| y _ y
IL-10(+) CC Patients IL-10(+) CC Patients
1 f 1.0 5
0.8 T ey S 038
‘ S CXCL17(-)
' LGR6(-) s n=42
0.6 n=63 ¢ 0.6 i
0 CXCL17(+)
2 n=48
0.4 =04
LGR6(+) =
n=27 g
0.2 _ 5 0.2 _
A=10 A=38 A=8 A=40
0.0 p=0.01 ; p=0.04 0.0 p=0.02 i p=0.03
.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 .00 20.00 40.00 60.00 80.00 100.00 120.00 140.00

Survival time (months) Survival time (months)






OEBPS/Images/fimmu.2025.1589533_cover.jpg
& frontiers | Frontiers in Immunology

High IL-10 mRNA levels in regional lymph
nodes of colon cancer patients indicate poor
prognosis





OEBPS/Images/fimmu-16-1589533-g005.jpg
CEAIH&E(+)LN

Cod i
ST e P

L4
5T






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-16-1589533-g003.jpg
1.0

o o o
i =N [=2] (o]

Cumulative Survival
o
N

o
o

1.0

0.8

0.6

0.4

0.2

Cumulative Survival

0.0

IL-10 mRNA levels in primary CC tumor

IL-10(-)
n=33
IL-10(+)
n=33

A=4 | A=2
P=04 | P=0.4

.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00

FoxP3 mRNA levels in primary CC tumor

FoxP3(+)
n=53

ﬁ FoxP3(.
_n=13

A=8 i A=37
P=0.01 | P=0.03

.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00

Survival time (months)






OEBPS/Images/table2.jpg
Number of patients in each TNM

stage group 5-year follow-up after surgery 12-year follow-up after surgery
Patient Disease-free survival * Risctor b Disease-free survival RisKifon b
recurrence recurrence
group Stage Stage Stage Stage
! n ne v Average Difference  P-  M32d p pverage  Difference  p- M2z p
(Months)  (Months)  value fatio value (Months) (Months) value falio value
(95% CI) (95% CI)
1L-100) © 6 16 8 3 £ 53 16 107 15
1 04 04 2 04 04
AlCe IL10(+) 7 15 9 2 E) 9 06-41) 105 (0639)
Patients 1 poxpa() ¢ 1 5 6 1 13 15 032 79 035
8 001 002 37 003 003
FoxP3(+) 12 2% n 1 53 53 (0.12:084) 116 (014-093)

“Mean survival time after surgery of CC patients as calculated by cumulative survival analysis according to Kaplan-Meler.
PHazard ratio, with 95% confidence interval (CI), for risk of recurrence of CC patients as calculated according to univariate COX regression analysis.

“CC patients divided into the two groups IL-10(-) and IL-10(+) using the median value of IL-10 mRNA levels of primary tumors (0.002 mRNA copies/185 rRNA unit) as cut-off.

9CC patients divided into the two groups FoxP3(-) and FoxP3(+) using the 20" percentile of FoxP3 mRNA levels in all CC patients’ primary tumors (0.044 mRNA copies/18S rRNA unit) as cut-off.
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“Mean survival time after surgery for CC patients as calculated by cumulative survival analy

according to Kaplan-Meier.
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“Hazard ratio, with 95% confidence interval (CI), for risk of recurrence of CC patients as calculated according to univariate COX regression analysis.
“CC patients divided into the two groups IL-10(-) and IL-10(+) using the median value of IL-10 mRNA levels in lymph nodes from CC patients in the H&E(-) group (0.006 mRNA copies/185 rRNA unit) as cut-off
nts in the H&E(+) group (1016 mRNA copies/ 185 rRNA unit) as cut-off.

CC patients divided into the two groups FoxP3(-) and FoxP3(+) using the median value of FoxP3 mRNA levels in lymph nodes from CC pat
“CC patient group with IL-10 mRNA levels above 0.006 mRNA copies/185 rRNA unit.

‘CC patients divided into the two groups CXCL17(-) and CXCL17(+) using a cut-off value of 0.0003 mRNA copies/18S rRNA unit (ref. 28).
#CC patients divided into the two groups LGRG(-) and LGR6(+) using a cut-off value of 00471 mRNA copies/18S rRNA unit (ref. 29).
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The correlation coefficients (r) and the p-values were calculated by two-tailed Spearman’s rank order correlation test.
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* N: total number of CC patients who had donated tissue specimens of primary tumor, normal colon, and lymph nodes, respectively.

&Normal colon tissue: specimens gathered from the resection margins of primary tumors, distant from macroscopically detectable lesions.

“Lymph nodes of CC patients for mRNA analysis were retrieved from 120 CC patients. A total of 370 lymph nodes were gathered, of these, were 70 from 23 patients in stage I, 186 from 52
patients in stage II, 85 from 36 patients in stage III, and 29 from 9 patients in stage IV.

Lymph nodes of CC patients for IHC were retrieved from 10 CC patients. A total of 13 lymph nodes were analyzed, seven of these were metastatic, retrieved from five patients in stage I11, and six
were non-metastatic, retrieved from one patient in stage I, two patients in stage II, and two patients in stage I11.
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