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Abstract 

Cancer-associated fibroblasts (CAFs) are involved in the proliferative and invasive behavior 

of colorectal cancer (CRC). Nonetheless, CAFs represent a heterogeneous population with 

both cancer-promoting and cancer restraining actions, lacking specific markers to target them. 

Expression of the immune checkpoint molecule CD70 is normally limited to cells of the 

lymphoid lineage. Instead, tumor cells hijack CD70 to facilitate immune evasion by 

increasing the amount of suppressive regulatory T cells (Tregs). The aim of this study was to 

explore CD70 expression patterns in CRC, not merely focusing on the tumor cells, but also 

taking the tumor stromal cells into account. We have analyzed the prognostic value of CD70 

expression by immunohistochemistry in CRC specimens and its relationship with well-known 

fibroblast markers and Tregs. In addition, in vitro experiments were conducted to unravel the 

role of CD70-positive CAFs on migration and immune escape. We reveal prominent 

expression of CD70 on a specific subset of CAFs in invasive CRC specimens. Cancer cells 

show almost no expression of CD70. The presence of CD70-positive CAFs proved to be an 

independent adverse prognostic marker. Functionally, CD70-positive CAFs stimulated 

migration and significantly increased the frequency of naturally occurring Tregs. In 

conclusion, we have identified the expression of CD70 on CAFs as a novel prognostic marker 

for CRC. We have found evidence of a cross talk between CD70+ CAFs and naturally 

occurring Tregs, paving the way towards immune escape. As such, this study provides a 

strong rationale for the exploration of CD70-targeting antibodies in CRC. 

Keywords: Cancer-associated fibroblasts, CD70, regulatory T cells, colorectal cancer, 

biomarker, migration, prognosis, immunotherapy, tumor microenvironment  
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Introduction 

Colorectal cancer (CRC) is the fourth leading cause of cancer-related deaths, mainly due 

to the development of metastases in liver and lung, with a median survival of 2 years 1, 2. 

Cancer progression and metastasis is controlled by the tumor microenvironment (TME) 

and does not depend solely on cancer cells. A dominant component of this TME are the 

cancer associated fibroblasts (CAFs), residing within the tumor margins or infiltrating 

the tumor mass and contributing to tumor progression by invasion, angiogenesis and 

manipulation of the immune response 3-6. On the other hand, the pro-tumorigenic role of 

CAFs in cancer progression has recently been challenged as depletion of CAFs by its general 

marker, a-smooth muscle actin (aSMA), led to more invasive tumors, associated with an 

immunosuppressive T-cell response 7-9. This heterogeneity of CAFs raises the question 

whether we can identify distinct subsets of pro-tumorigenic CAFs for developing stromal cell 

targeted therapies 10.  

 

Immune checkpoint inhibitors targeting the cytotoxic T-lymphocyte associated protein-4 

(CTLA-4) and programmed cell death-1 (PD-1) receptors have recently made their way into 

the clinic, producing substantial clinical benefits. Considering advanced colorectal cancer, the 

early signals of activity are largely involving microsatellite instable (MSI) tumors 11, 12. 

Unfortunately, this still leaves a great need for effective immunotherapies in the majority of 

CRC. Here, we focused on the immune checkpoint molecule CD70 as a potential new target 

in CRC. Under normal conditions, CD70, member of the tumor necrosis factor (TNF) family, 

is only transiently expressed on activated T and B cells. Instead, constitutive overexpression 

of CD70 has been described on malignant cells in a range of solid and haematological 

malignancies 13. In addition, CD70 expression has been occasionally shown on certain non-

immunological stromal cells 14. Through its receptor, CD27, the overexpression of CD70 can 
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facilitate evasion of the immune system by three important mechanisms: induction of T cell 

apoptosis, T cell exhaustion and increasing the amount of suppressive regulatory T cells 

(Tregs) 13, 15.  

 

In the present study, we are the first to display the expression patterns of CD70 in CRC 

specimens. We report that CD70 expression is almost absent from tumor cells but is strongly 

present on a subset of CAFs. Moreover, CD70+ CAFs play an important role as predictors for 

the outcome of CRC patients. Finally, our results implicate a role of CD70+ CAFs in cancer 

cell migration and Treg accumulation, designating CD70+ CAFs as a potential new tool in 

anti-cancer treatment.  

 

Results 

CD70 expression and association with clinicopathological parameters 

Immunohistochemical (IHC) analysis was performed to evaluate CD70 protein expression in 

51 CRC tumor samples, 9 adenoma samples and 7 healthy colon specimens (Table S1). We 

found no expression of CD70 on adenoma samples and normal colon tissue. Expression of 

CD70 on the tumor cells could only be detected in a small subset of malignant cells in 3.9% 

of CRC samples. Instead, CD70 appeared to be highly abundant on CAFs in the TME of 

invasive cancer specimens. CD70 expression on CAFs was scored as 1+ in 13 (25.5%), 2+ in 

19 (37.3%) and 3+ in 6 (11.8%) tumor specimens, as demonstrated in Figure 1A. Thereby no 

CD70-positive CAFs were found in normal tissue, adenoma or in situ carcinoma (Tis). As 

demonstrated in Figure 1B, almost all invasive tumor specimens showed CD70-positive CAFs 

with 84.6% of specimens staining positive (>10% CD70+ CAFs) in T4NxMx stages. This 

could also be demonstrated when biopsies from various disease stages of the same patient 

were tested for the expression of CD70 (N=6). Here, CAFs showed increased positivity of 
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CD70 with increasing TNM classification (Table S2). Finally, CD70-expression could always 

be shown adjacent to the tumor cells and appeared to be more present at the invasive margin 

of the tumor (Figure 1C). 

 

Figure 1: CD70 expression determined by immunohistochemistry. A: Representative samples 
of the various categories of CD70 expression, graded as - (<1%), 1+ (1-10%), 2+ (11-50%), 3+ 
(>50%). Magnitude 100x; B: Graph displaying the expression of CD70 in normal (N), adenoma 
(A), in situ carcinoma (Tis) and invasive (T1-T4) CRC specimens; C: CD70 expression at the 
invasive front of the tumor. Magnitude is depicted at the bottom right. 
 

To explore clinical relevance of CD70-expressing CAFs in CRC, associations between 

clinicopathological characteristics and stromal CD70 expression were analysed in all patients. 

Thereby, CD70 was divided into a low (£10% CD70+CAFs) (grade 0 and 1+) and high (>10% 

CD70+CAFs) (grade 2+ and 3+) positive group. As described in Table 1, stromal CD70 

expression showed a significant association with strong tumor invasiveness (P<0.001), nodal 

invasion (P=0.006), clinical stage (P=0.001) and the presence of liver metastasis (P=0.009). In 

addition, CD70 expression was mostly seen in association with moderate desmoplastic 

reactions (P=0.005). We did not find any association between the CD70 expression level and 

MSI-status of the tumor. 
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Table 1: Association of CD70 expression with clinicopathological parameters. 

 

Characterization of CD70-positive CAFs  

To confirm the expression of CD70 on CAFs and to distinguish the CD70+ CAFs from other 

known subsets of CAFs, we examined the expression of aSMA and Fibroblast-activation 

Characteristics Low CD70 (0, 1+) High CD70 (2+, 3+) P-value 

Age 
<69 
³69 

 
13 (50.0%) 
13 (50.0%) 

 
11 (44,0%) 
14 (56,0%) 

0.781 

Gender 
Male 
Female 

 
13 (50.0%) 
13 (50.0%) 

 
15 (53,6%) 
10 (43,5%) 

0.577 

Differentiation (N=46) 
Weak 
Moderate 
Strong 

 
1   (4.8%) 
10 (47.6%) 
10 (47.6%) 

 
4   (16.0%) 
17 (68.0%) 
4   (16.0%) 

0.053 

Location 
Colon 
Sigmoid 
Rectosigmoid 
Rectal 

 
16 (61.5%) 
4   (15.4%) 
3   (11.5%) 
3   (11.5%) 

 
9   (36.0%) 
6   (24.0%) 
8   (32.0%) 
2   (8.0%) 

0.186 

TxNM 
Tis 
T1 
T2 
T3 
T4 

 
6   (23.1%) 
8   (30.8%) 
7   (26.9%) 
3   (11.5%) 
2   (7.7%) 

 
0   (0.0%) 
1   (4.0%) 
3   (12.0%) 
10 (40.0%) 
11 (44.0%) 

0.000 

TNxM (N=50) 
N0 
N1 
N2 

 
18 (72.0%) 
4   (16.0%) 
3   (12.0%) 

 
7   (28.0%) 
7   (28.0%) 
11 (44.0%) 

0.006 

TNMx (N=47)a 

M0 
M1 

 
19 (79.2%) 
5   (20.8%) 

 
13 (56.5%) 
10 (43.5%) 

0.125 

Liver metastasisb 

No 
Yes 

 
21 (80.8%) 
5   (19.2%) 

 
11 (44.0%) 
14 (56.0%) 

0.009 

Clinical stage 
0 
I 
II 
III 
IV 

 
6   (23.1%) 
12 (46.2%) 
0   (0.0%) 
3   (11.5%) 
5   (19.2%) 

 
0   (0.0%) 
3   (12.0%) 
3   (12.0%) 
9   (36.0%) 
10 (40.0%) 

0.001 

Desmoplasia 
No 
Little 
Moderate 
Strong 

 
6   (23.1%) 
12 (46.2%) 
4   (15.4%) 
4   (15.4%) 

 
0   (0.0%) 
7   (28.0%) 
14 (56.0%) 
4   (16.0%) 

0.005 

MSI (N=47) 
Negative 
Positive 

 
20 (87.0%) 
3   (13.0%) 

 
23 (95.8%) 
1   (4.2%) 

0.348 

CD4 (N=44) 
<5% 
5-10% 
11-50% 
>50% 

 
4   (18.2%) 
2   (9.1%) 
9   (40.9%) 
7   (31.8%) 

 
4   (18.2%) 
4   (18.2%) 
13 (59.1%) 
1   (4.5%) 

0.448 

Tregs (N=44) 
<5% 
5-10% 
>10% 

 
8   (36.4%) 
4   (18.2%) 
10 (45.5%) 

 
1   (4.5%) 
2   (9.1%) 
19 (86.4%) 

0.002 

aAt time of diagnosis; bInitially and/or after progression. Abbreviations: MSI, microsatellite instable; Tregs, regulatory T cells 
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protein a (FAP) in 5 CRC specimens with negative (-), low (1+) and moderate (2+) CD70-

positivity. As displayed in Figure 2 and Table S3, high scoring (>50%, 3+) of aSMA and 

FAP was found in all biopsies, pointing towards the presence of CAFs. On the other hand, 

CD70 characterized a specific subset within the aSMA+FAP+ CAFs.  

 

Figure 2: Distribution of CD70, FAP and aSMA expression on CRC specimens. 
Representative IHC pictures of CD70, FAP and aSMA expression on serial cuts of one tissue 
sample from 2 different patients. Magnitude is 40x.  
 

Association of CD4 and Tregs with clinicopathological parameters 

Forty-four samples were available for the detection of CD4 and Tregs (CD4+FOXP3+). CD4 

was scored as 0 in 8 (18.2%), 1+ in 6 (13.6%), 2+ in 22 (50.0%) and 3+ in 8 (18.2%) tumor 

specimens. No associations were found between the presence of CD4+ T cells and gender, 

age, tumor invasion, nodal invasion, tumor location, clinical stage, differentiation or 

metastasis. Tregs were scored as 0 in 9 (20.5%), 1+ in 6 (13.6%) and 2+ in 29 (65.9%) of 

tumor specimens. No association of Tregs with gender, age, tumor invasion, nodal invasion, 

tumor location or differentiation were found. However, a weak association was seen with 

metastasis (P=0.084), whereby presence of metastasis was associated with elevated amounts 

CD70 FAP SMA

1

2
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of Tregs in the primary resection specimens. In addition, high Treg scoring was associated 

with stage II-IV as compared to stage I (P=0.005) patients and progressive disease (P=0.044). 

 

Association of CD70 expression with Tregs 

We found a significant association between high Treg amounts and high (2+, 3+) CD70 

staining (P=0.002, correlation coefficient (R) = 0.45), whereby the highest scoring grade for 

Tregs was detected in 86.6% of CD70high specimens (Table 1). In addition, we were able to 

compare the extent of Treg infiltration within CD70high versus CD70low regions in the same 

specimen of 31 patients. In 45.2% of cases, an increased grade of Treg scoring could be 

observed in the presence of CD70high regions. Identical Treg patterns between CD70low and 

CD70high regions were seen in 48.4% of cases. The remaining 6.5% displayed a lower scoring 

of Tregs in CD70high regions.   

 

Correlations between CD70, Tregs, and survival 

Follow-up data were available for all CRC patients. Twenty-one (41%) patients died during 

the follow-up period and 25 (49%) patients showed disease progression after a mean follow-

up of 171 months. Kaplan Meier analysis was used to assess overall survival (OS) and 

progression-free survival (PFS) probability for CD70, CD4 and Tregs (Figure 3). The mean 

OS was reduced from 3057 ± 273 days in the CD70low
 group to 1344 ± 213 days in the 

CD70high group. As such, CD70 expression was a significant predictor of worse OS 

(P=0.001). Similarly, CD70 correlated with reduced PFS (P<0.001). No statistically 

significant difference in OS and PFS was observed with CD4, although high CD4 scoring 

showed a trend towards prolonged OS (P=0.075). In contrast, Tregs, marked by coexpression 

of CD4 and FoxP3, showed a trend towards decreased survival (P=0.082). Interestingly, CRC 

patients with high infiltration of CD70+ CAFs in combination with high grading of Tregs 
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showed a significantly shorter PFS time compared to patients with either high Treg scoring, 

CD70-positive CAFs or none of these factors (P=0.019). 

 

Figure 3: Kaplan-Meier curves for overall survival and progression-free survival. P-values are 
depicted at the top right. 
 

In addition to univariate analysis, we fitted a cox proportional hazard model with CD70 as 

predictor for OS and accounting for potential confounders including age, gender, 

differentiation, tumor location, metastasis, stage, desmoplasia, Tregs and MSI status (Table 

2).Stepwise backward model building showed that CD70 expression (Hazard ratio (HR): 

4.585; 95% confidence interval (CI): 1.008-20.853; P=0.049) and tumor location (HR: 4.626; 

95% CI: 1.304-16.142; P=0.018) acted as significant, independent predictors for OS. 

Similarly, a cox model was fitted with CD70 as predictor for PFS whereby stepwise backward 

modelling showed that only CD70 (HR: 3.282; 95% CI: 1.061-10.148; P=0.039) and 

metastasis (HR: 3.887; 95% CI: 1.446-10.448; P= 0.007) acted as significant independent 

predictors for PFS. 

Overall survival

Progression-free survival

P=0.001 P=0.075 P=0.148

P=0.000 P=0.132 P=0.082
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Table 2. Independent predictors of overall survival and progression-free survival (Multivariate 
Cox Regression model) 

 

Effect of CD70-expressing CAFs on Tregs 

Tregs are key cells contributing to an immune suppressive tumor microenvironment of CRC. 

Our IHC results revealed a significant association between high CD4+FoxP3+ cell amounts 

and the presence of CD70-positive CAFs in the tumor microenvironment. To analyse the 

effect of CD70 on Tregs in more detail, CD70high or CD70low CAFs were co-cultured with 

CD4+ T cells for 7 days. Afterwards, nTreg (CD4+CD25+CD127low) and iTreg (CD4+CD25-

TGF-b+IL-10+) amounts were determined by flow cytometry. The presence of CD70high CAFs 

significantly increased the frequency of nTregs when compared with CD70low CAFs 

(9.92±1.1% vs 5.52±0.63% nTregs) (Figure 4AB). Thereby, nearly double amounts of nTregs 

could be detected in co-cultures with CD70high CAFs compared to CD70low CAFs. No 

differences in CD27+ T cell amounts was observed but a significant shift from CD25- cells to 

CD25+ positive cells could be detected in the CD27+ T-cell subset in the presence of CD70high 

CAFs (Figure 4C). In contrast, we observed no differences in the frequency of iTregs, 

regardless of the CAF’s CD70 positivity (0.08±0.0% (CD70high) vs 0.04±0.06% (CD70low) 

nTregs) (Figure 4B).  

Predictors HR 95% CI P-value 

Overall survivala 

CD70 
Tumor location 
Metastasis 

4.585 
4.626 
2.462 

1.008-20.853 
1.304-16.142 
0.872-6.952 

0.049 
0.018 
0.089 

Progression-free survivala 

CD70 
Metastasis 
Differentiation 

3.282 
3.887 
0.429 

1.061-10.148 
1.446-10.448 
0.163-1.127 

0.039 
0.007 
0.086 

aFactors included in the backward conditional model: Age, gender, differentiation, location, 
metastasis, stage, MSI, Treg, desmoplasia and CD70. Abbreviations: HR, hazard ratio; CI, 
confidence interval.  
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Figure 4: Role of CD70-positive CAFs on 
regulatory T cell accumulation. CT5.3 hTERT 
CAFs were sorted on the membrane expression 
of CD70 (see also Figure S1). CD3+CD4+ T-
cells were cultured alone (Ctrl) or co-cultured 
with CD70pos/CD70neg CAFs for 7 days. 
Afterwards, lymphocytes were analysed with a 
multicolour panel on a BD FACSAria II system 
(see also Figure S2 for gating strategy). A: 
Representative dot plots showing the percentage 
of naturally occurring Tregs (nTregs) 
(CD3+CD4+CD25+CD127low) after 7 days of co-
culturing with CD70low (left) or CD70high (right) 
CAFs; B: Percentage nTregs (left) within CD4+ 
T-cell subset and induced Tregs (iTreg) (right) 
within CD4+CD25- T-cell subset; C: Percentage 
CD25+ (left) and CD25- (right) cells within 
CD27+ T cells. D: IL-2 (left) and TGF-ß (right) 
protein levels in supernatants, 5 days after (co-) 
culture. Experiments were run in parallel with 
CD4+ T-cells from four different donors. *P < 
0.05. Bars represent the mean ± SEM. nd, not 
detected.  
 

CD27 signalling has been shown to increase Interleukin-2 (lL-2) secretion and IL-2 is a 

crucial growth survival factor for nTregs 16. Therefore, we have analysed the IL-2 protein 

levels and found a strong increase in IL-2 protein levels when CD70high CAFs were present 

(Figure 4D). We have found no difference in TGF-ß production. In conclusion, our results 

suggest an immune evasive effect of CD70high CAFs by increasing the survival of nTregs. 

 

Role of CD70-positive CAFs in migration 
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The aforementioned presence of CD70-positive CAFs at the invasive margin of the tumor 

suggests a role of these CAFs in cancer cell migration. We analysed the migratory capacities 

of CD70high and CD70low CAFs by real-time analysis of Transwell migration. Twelve hours 

after initiation, we observed an 8.7-fold increase in migration of the CD70high CAFs compared 

to its CD70low counterpart (Figure 5A). In a next set of experiments, CD70high and CD70low 

CAFs were co-cultured with CRC cells and subjected to scratch wound migration. 

Interestingly, CRC cells alone were not capable of spontaneously migrating towards the gap 

(data not shown). Instead, CAFs showed strong migratory capacities. We revealed a 

significant increase in migration of the CD70high CAFs with a relative wound density of 

66.03±3.08% compared to 28.33±1.72% for the CD70low CAFs (P<0.05), 12h after wound 

initiation (Figure 5B). In summary, these data indicate the strong migratory capabilities of 

CD70high CAFs.  

 

Figure 5: Role of CD70-positive CAFs on migration. CT5.3 hTERT CAFs were sorted on the 
membrane expression of CD70 and assessed for migratory capacity in real-time. A: Graph represents 
the time-dependent migratory pattern of CD70high or CD70low CAFs detected by Transwell 
experiments using xCELLigence RTCA system. Graph represents net chemoattraction after 
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subtraction of random migration signal; B: CD70high or CD70low CAFs were co-cultured with HCT116 
(represented by pictures) or HT29 (represented by graph) and followed in real-time during wound 
closure using the Incucyte ZOOM LiveCell Imaging System; Left: Graph represents the relative 
wound density of CD70high or CD70low CAFs as a function of time for migration. Bars represent the 
mean ± SEM of 3 experiments. *P < 0.05; Right: Representative images of migration (12h). 
Confluence mask (orange); initial wound mask (blue); CRC cells (red). 
 

Discussion 

Numerous studies indicate that tumor progression and invasiveness are determined not only 

by the malignant cancer cells themselves, but also by the surrounding tumor 

microenvironment. We are the first study to demonstrate the expression of the immune 

checkpoint molecule CD70 on CAFs. Moreover, we have found that CAF CD70-positivity 

was significantly associated with poor clinicopathological parameters and served as an 

independent prognostic marker in CRC. Finally, we revealed the potential role of CD70-

positive CAFs in immune escape by the accumulation of naturally occurring Tregs and their 

increased migratory capacities. 

 

Over the past years, the discovery of immune checkpoint receptors such as CTLA-4 and PD-1 

introduced a new, exciting era in cancer immunotherapy. Moreover, accumulating clinical 

evidence points toward a promising role for checkpoint blocking antibodies in a rapidly 

expanding spectrum of solid tumors 17-20. However, immunotherapy in human CRC is limited 

to a small subset of patients with MSI-positive tumors 21, 22. The rationale behind this 

observation might be the dense immune infiltrate in MSI tumors due to the increased 

antigenicity as well as the expression of targetable immune checkpoints such as PDL-1 21, 23, 

24. However, there also could be alternative mechanisms underlying this difference in 

responsiveness between MSI and MSS, such as the predominance of tumor stroma in the 

latter 25. Therefore, in this report, we have not merely focused on the expression of immune 

checkpoint molecules by cancer cells but also taken the tumor stroma into account. 
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Unexpectedly, CD70 overexpression could only be strongly detected on the CAFs. Moreover, 

CD70 expression on CAFs acted as an independent predictor for shorter OS and PFS. In 

addition, CD70-positivity was correlated with adverse clinicopathological parameters and 

displayed no association with MSI-status, highlighting the potential of this target in CRC 

subsets that do not benefit from immune checkpoint blockade. 

The role of wound healing-associated fibroblasts is well understood, but the functional role of 

CAFs in cancer progression and metastasis is emerging as being complex and bimodal with 

both cancer-promoting and cancer restraining actions 26. For example, genetic depletion of 

proliferating CAFs, identified through its marker aSMA, gave rise to more aggressive tumors 

with suppressed immune surveillance and increased CD4+Foxp3+ Tregs in pancreatic mice 

models 8. On the contrary, therapeutics directed to FAP appeared more effective as ablation of 

FAP+ stromal cells inhibited tumor growth in several cancer models. However, the 

importance of FAP-positive cells in the maintenance of normal muscle mass, lymph node 

homeostasis, and haematopoiesis makes it challenging to use FAP as a future therapeutic 

target 26, 27. In our series, we found the expression of aSMA as well as FAP in nearly all 

CAFs. On the other hand, CD70 marked a distinct subset of CAFs within these dual positive 

CAFs. We could also demonstrate a substantial increase in migratory capacities within 

CD70high CAFs supporting our IHC data on the role of CD70 in tumor progression. Although 

we are the first to describe this effect by CD70-positive CAFs, CD70 overexpression on 

tumor cells has already been linked with migration in non-small cell lung cancer, melanoma 

and glioblastoma 28-30. In the latter, knockdown of the CD70 gene resulted in a decrease in 

genes associated with tumor epithelial-mesenchymal transition (EMT) such as CD44 and 

SOX2. Also in CRC, overexpression of CD44 has been shown to drive EMT changes 31, 32. 

One other possible mechanism of action is the activation of CD70. Recently, it has been 

described that CD70 is not only a ligand but contains an underlying signalling cascade 
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whereby activation leads to MAPK activation, RhoE overexpression and cytoskeletal 

changes, driving migration in melanoma29 .  

It has been demonstrated that targeting the CD70/CD27 axis can inhibit an effective anti-

tumor immune response by three modes of action: accumulation of Tregs, T-cell apoptosis 

and skewing T-cell towards T-cell exhaustion13. Increased numbers of Tregs have been 

particularly found in the presence of CD70-expressing tumor cells due the expression of 

CD27 on the Tregs 13, 33, 34. The interaction of CD70 and CD27 even promoted tumor growth 

in solid tumor-bearing mice by a decrease in Treg apoptosis and the production of IL-2, a key 

player in Treg survival 15. In support of this view, we detected a significant association 

between high CD70-scoring and increased CD4+FOXp3+ T cell amounts in primary CRC 

specimens. However, this present study is the first to reveal such a crosstalk with Tregs by the 

presence of CD70 on the CAFs instead of the cancer cells. Tregs are associated with 

decreased survival in a variety of malignancies and elevated proportions are typically 

associated with unfavourable outcome 35-37. Yet, in colorectal cancer, the role of Tregs is 

ambiguous as high densities of tumor-infiltrating Tregs in CRC patients are reported to be 

correlated with both worse and better outcomes (reviewed in 38). One important reason for 

these discrepancies are the presence of functionally distinct subpopulations of Tregs with 

different levels of immune suppression in the TME 38-40. Jafarinia et al. recently demonstrated 

that not all FoxP3+ cells can be considered as functional Tregs. CD25-FoxP3+ cells in CRC 

patients showed lower suppressive and higher effector properties in comparison to the 

CD4+CD25+ FoxP3+ nTregs 41. Moreover, evidence accumulates that IL-10, produced by 

these CD25- Tregs, plays a pivotal role in preventing inflammation and hereditary colon 

cancer 38. Instead, nTregs, isolated from PBMC of CRC patients, were capable of inhibiting 

anti-tumor immune responses 42. We demonstrated that the presence of CD70-positive CAFs 

nearly doubled the proportion of nTregs amounts when co-cultured with CD4+ T-cells. In 
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contrast, we did not find such effect on CD25- Tregs. Additionally, we observed a significant 

shift within the CD27+ T-cell subset from CD25- towards CD25+ regulatory T cells in the 

presence of CD70high CAFs and an enhanced production of IL-2, crucial for Treg survival. 

Recent studies have demonstrated that CD27 expression on CD25+ Tregs positively correlates 

with their suppressive activity in vitro and with the expression of FoxP3 43, 44. Consequently, 

our data strongly suggest a role of the CD70pos CAFs in immune escape by the accumulation 

of nTregs.  

Although we believe that blocking the CD70/CD27 interaction can release the effect of 

CD70-positive CAFs on the immune system, we don’t presume this hold true for its other pro-

tumorigenic effects. Moreover, in our experiments, CD70-positive CAFs showed increased 

migratory capacities without the presence of CD27. Several antibodies targeting CD70 are 

being evaluated in clinical trials and can therefore also be beneficial to deplete CD70+ CAFs. 

Thereof, SGN-CD70A and MDX-1203 are antibody-drug conjugates that rely upon 

internalization for a toxin to exert its anti-tumor function 45, 46. On the other hand, ARGX-110 

is an anti-CD70 antibody with a complement-dependent cytotoxicity, antibody-dependent 

cellular cytotoxicity and antibody-dependent cellular phagocytosis activity with no need for 

internalization, providing extra dimensions to the anti-tumor effect 47.  

Our findings clearly show an important role for CD70-positive CAFs as predictors for the 

outcome of CRC patients. Furthermore, our data suggest a function of CD70 in immune 

escape by the accumulation of nTregs and display increased pro-migratory capacities of 

CD70high CAFs. These results demonstrate that targeting CD70 holds great potential in CRC, 

especially in light of the limited immunotherapeutic options available in MSS colorectal 

cancer. 
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Material and Methods 

Patient selection and tissue specimens 

Fifty-one formalin-fixed paraffin embedded (FFPE) specimens (Biobank@UZA, Antwerp, 

Belgium; ID: BE 71030031000) were collected from CRC patients, of which the main 

characteristics are described in Table S1 48. In addition, 9 adenoma samples and 7 healthy 

colon specimens were available. The average age (±SD) of the patients included in this study 

was 66 ± 11 years (age range 36 to 85 years). This study was approved by the Ethics 

Committee of the Antwerp University Hospital. A written informed consent from all patients 

regarding tissue sampling has been obtained.  

 

Immunohistochemistry  

PROTEIN EXPRESSION. Tissue sections were prepared as previously described 33. MSI 

status was determined by 4 primary monoclonal antibodies: anti-MLH1 (clone ES05, RTU, 

DAKO), anti-MSH2 (clone FE11, RTU, DAKO), anti-MSH6 (clone EP49, RTU, DAKO) and 

anti-PMS2 (clone EP51, RTU, DAKO) incubated at RT for 30 min followed by the Envision 

FLEX+ detection kit (DAKO) on a DAKO autostainer Link 48 instrument. The expression of 

aSMA (1A4, RTU, Dako) and CD70 (clone 301731, diluted 1:40) was assessed by incubation 

at RT for 20 min and visualized as formerly described. For CD70 and PMS2, an additional 

step was included after antibody incubation using an enhanced polymer-based linker (30 min, 

RT, DAKO). To evaluate FAP (EPR20021, 1:250, Abcam) and Tregs, dual staining of CD4 

(SP35, RTU, Roche) and FOXP3 (clone 236A/E7, 1:50, Abcam), antibodies were engaged for 

36 min by the ultraView DAB detection kit (Roche) and/or ultraView universal alkaline 

phosphatase detection kit (Roche) on a Ventana BenchMark ULTRA (Roche). Sections were 

counterstained with haematoxylin, dehydrated and mounted. Positive controls and negative 
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controls, consisting of tonsil tissue, were included in each staining run. Furthermore, biopsies 

were checked for internal positive controls.  

SCORING. For MSI analysis, loss of protein expression was scored as absence of nuclear 

staining in tumor cells despite nuclear staining in proliferating cells in normal crypts and 

stroma. Stromal staining of CD70, aSMA and FAP was assessed as 0, 1+, 2+ and 3+ as 

previously described 49. Grade 0 was defined as the near absence of expression in <1% of the 

CAFs; grade 1+ was positivity in 1%-10% of stromal cells; grade 2+ was described when 

11% to 50% of stromal cells showed positivity; grade 3+ was positive immunostaining in 

>50% of stromal cells. In addition, positive staining of CD70 on the tumor cells was assigned 

when at least 10% of the tumor cells showed specific CD70 staining of any intensity and any 

distribution (membranous, cytoplasmic). Ten percent was chosen based on inclusion criteria 

for Phase 1 clinical trials using CD70-targeting antibodies 50. For CD4 staining, the 

percentage positive immune cells were scored 0 to 3+ (<5%, 5-10%, 11-50%, >50% of 

immune cells stained). Tregs were divided into 3 groups (<5%, 5-10%, >10% of immune cells 

stained). Scoring was performed by an independent observer as well as two experienced 

pathologists (PP/VS). Prior analysis, the positive internal control (or if lacking, an additional 

external positive run control) was assessed.  

 

Cell lines and cell culture 

CAFs were isolated from primary CRC tumors and immortalized through hTERT (CT5.3-

hTERT) 51. HT29 and HCT116 CRC cells were purchased from ATCC. Cells were cultured in 

DMEM supplemented with 10% foetal bovine serum (FBS), 1% penicillin/streptomycin and 

1% L-glutamine (Life Technologies), grown as monolayers and maintained in exponential 

growth at 5% CO2/95% air in a humidified incubator at 37°C. Cell cultures were regularly 

tested for absence of mycoplasma using the Mycoalert® Mycoplasma detection kit (Lonza). 
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To examine specific effects of CD70-expressing CAFs, CT5.3 hTERT cells were sorted using 

a PE-conjugated anti-human CD70 antibody (Clone Ki-24, Becton Dickinson) on a BD 

FACSAria II (Becton Dickinson) and analysed using FlowJo v10.1 software (FlowJo LLC) 

(Figure S1). CRC cells showed no expression of CD70 by flow cytometry.  Characterization 

of primary CAFs (unsorted, CD70high CAFs and CD70low CAFs) was performed by 

examination of Vimentin, Desmin and aSMA expression using an IHC staining protocol as 

described before with minor modifications 52.  

in vitro Tregs assay 

Peripheral blood mononuclear cells (PBMC) were obtained by Ficoll-paque gradient 

separation from buffy coats (Blood transfusion centre) of 4 different donors. CD4+ T cells 

were directly isolated by immunomagnetic bead selection (Miltenyi Biotec) and cultured 

alone or co-cultured with CD70high or CD70low CT5.3-hTERT CAFs (Effector/target= 3/1). 

After 7 days, flow cytometric analysis was performed to identify the amount of Tregs by the 

following procedure. Cells were stained with fluorophore-conjugated antibodies to CD3, 

CD4, CD25, CD127, CD27 (Becton Dickinson) and Fixable Violet Dead Stain (Thermo 

Fisher Scientific) for 20 min at RT, followed by fixation for 30 min at 4°C and 

permeabilization using the FOXP3 Transcription factor staining buffer set (Thermo Fisher 

Scientific). Thereafter, cells were stained for intracellular TGF-b (IQ products), IL-10 

(Biolegend) or FOXp3 (Thermo Fisher Scientific), acquired on a BD FACSAria II instrument 

(BD) and analysed using FlowJo v10.1 software (Figure S2). In addition, supernatants was 

collected 5 days after co-culture and used to measure IL-2 protein levels (multiplexed 

particle-based flow cytometry cytokine assay (R&D Systems)) and TGF-ß protein levels 

(enzyme-linked immunosorbent assay, Thermo Fisher Scientific) following the instructions of 

the manufacturer.  
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Transwell and Scratch Wound Migration assay   

Transwell migration experiments were performed using modified 16-well plates (CIM-16, 

Roche) in the xCELLigence real-time cell analysis (RTCA) system with each well consisting 

of an upper and a lower chamber separated by a microporous membrane containing randomly 

distributed 8 µm-pores 53. Initially, 160µL and 30µL of media was added to the lower and 

upper chambers respectively and the CIM-16 plate was locked in the RTCA DP device at 

37°C for 1h to measure a background signal. Cells, deprived from FBS for 24h, were 

detached using TrypLE Express™ (Invitrogen), resuspended in serum-free (SF) medium and 

counted. Thirty thousand CAFs (CD70high or CD70low) were seeded in the upper chamber and 

allowed to settle for 30 minutes at RT. Lower chambers contained media with or without 

FBS. Signals representing net chemoattraction were obtained by subtracting background (SF) 

values from the positive control (medium containing FBS) signals. Each condition was 

performed in duplicate and ran for 12h.  

The IncuCyte Zoom Scratch Wound assay (Essen Bioscience, Hertfordshire, United 

Kingdom) was used to examine the migration of CD70high versus CD70low CT5.3 CAFs during 

wound closure in co-culture with CRC cells. First, 96-well plates (ImageLock) were coated 

with Matrigel (100ug/ml, Corning) overnight at 37°C. Each well was seeded with 3x103 CRC 

cells, distinguished from CAFs by fluorescent tagging using NucLight Red reagent (Bacmam, 

Essen Bioscience), together with an equal amount of either CD70high or CD70low CAFs. After 

4h, scratches were introduced using the IncuCyte WoundMakerTM (Essen Bioscience), which 

creates wounds of equal width. Wound confluency was monitored every 2h with the Incucyte 

LiveCell Imaging System (Essen Bioscience) for a total of 24h. The IncuCyte scratch-wound 

analysis software allowed for quantification of the increasing cell confluence inside the 
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wound using the “Relative Wound Density” metric. Scratches were performed at least in 

triplicate and wells with inappropriate or uneven scratches were excluded from analysis.  

 

Statistical analysis 

Associations between CD70, CD4 and Treg with clinicopathological parameters of CRC 

patients were investigated by χ2 analysis or Fisher’s exact test (when appropriate). Spearman 

correlation coefficients were calculated to investigate the correlation between the expression 

of CD70, CD4 and Tregs in CRC specimens. The prognostic value was determined by 

survival analysis. Thereby, PFS was defined as the time until disease progression. Overall 

survival OS was defined as the time until cancer related death occurred. Univariate OS and 

PFS probability were estimated using the Kaplan-Meier method. Statistical significance was 

determined using the log-rank test. Multivariate cox proportional-hazard model was assessed 

to identify independent prognostic markers, presented as a hazard ratio and its 95% 

confidence interval. For in vitro experiments, Kruskal-Wallis tests were assessed for 

comparisons between three groups. If significant differences were revealed, Mann-Whitney U 

tests were performed for pairwise comparisons. All analyses were performed using SPSS 

version 23 and significance was reached if P<0.05 (two-tailed). 
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