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Intratumoral regulatory T cells from colon 
cancer patients comprise several activated 
e�ector populations
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Abstract 

Background: Intratumoral regulatory T cells (Treg) in colon cancer are a heterogeneous cell population, with poten-

tial impact on patient outcome. Generally, a high Treg infiltration has been correlated to a worse patient outcome, but 

it is still unclear how the composition of different Treg subsets affects patient relapse and survival. In this study, we 

used mass and flow cytometry to characterize Treg in colon tumors and corresponding unaffected tissue, followed by 

a correlation to clinical parameters and patient outcome.

Results: Using mass cytometry, we defined 13 clusters of intestinal Treg, three of which were enriched in the tumors. 

The two most enriched clusters were defined by their expression of the proliferation marker Ki67 and CD56, respec-

tively. The Treg accumulating in the tumors expressed inducible T-cell co-stimulator (ICOS), OX-40, and CD39, indicat-

ing that they were effector Treg (eTreg). Intratumoral  CD39+ Treg also had a higher expression of Foxp3, suggesting 

a higher suppressive activity, and we subsequently used CD39 as a marker for eTreg. Our further studies showed that 

colon tumors can be divided into two tumor groups, based on the proportion of  CD39+ putative eTreg in the tumors. 

This property was independent of both tumor microsatellite status and tumor stage, which are important factors in 

predicting cancer disease progression. In a prospective study of forty-four colon cancer patients, we also showed 

that patients with a high CD39 expression on tumor-infiltrating Treg have a tendency towards a less favorable patient 

outcome in terms of cumulative cancer-specific survival.

Conclusions: This study uncovers novel subsets of tumor-infiltrating Treg in colon cancer, and suggests that CD39 

may be a potential therapeutic target in patients with microsatellite stable colon tumors, which are usually refractory 

to checkpoint blockade therapy.
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Background
In recent years, it has become evident that the immune 

system can recognize and sometimes efficiently clear 

transformed neoplastic cells [1]. One example of this 

is colorectal cancer (CRC) where lymphocyte infiltra-

tion into tumors clearly correlates to patient outcome 

[2–4]. In this context, presence of  CD8+ memory cells 

and �1 cells improve patient prognosis, while alterna-

tively activated macrophages and �17 cells correlate 

with a worse prognosis. Indeed, the immunoscore, a 
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scoring system that quantifies tumor-infiltrating immune 

cells, is a more accurate method than tumor staging to 

predict patient outcome in CRC [5]. Cancer immuno-

therapies, in particular immune checkpoint blockade, 

are now established targeted therapies, which shift the 

balance between immunostimulating and immunosup-

pressive forces to the benefit of the patient [6]. Immune 

checkpoint blockade has had considerable effect in the 

treatment of several solid cancer forms, e.g. lung cancer, 

advanced malignant melanoma and renal cell cancer, but 

a favorable effect in colon cancer has only been shown 

for microsatellite instability high (MSI-H) tumors, while 

microsatellite stable (MSS) tumors show poor response 

[7, 8]. MSI-H tumors have a deficient DNA repair 

machinery and a subsequent increase in mutational load, 

creating an immunogenic tumor environment and higher 

lymphocyte infiltration [9].

In addition to continued efforts in improving immune 

checkpoint blockade there is a need for alternative strate-

gies for immunotherapy. One target for such treatment is 

regulatory T cells (Treg), which are accumulating in most 

solid tumors and are associated with a poor patient prog-

nosis [10]. Initially, several studies in colorectal cancer 

patients showed a correlation between tumor-infiltrating 

 Foxp3+ putative Treg cells and a favorable prognosis [11–

14]. However, a more recent study by Saito et al. showed 

that a high infiltration of carefully identified Treg in the 

tumor actually correlates to a poor prognosis in CRC 

[15], and De Simone et  al. also correlate intratumoral 

Treg numbers with a less favorable patient outcome in 

CRC [16]. It is clear from functional studies that tumor-

infiltrating Treg suppress conventional T cell prolifera-

tion and cytokine production [15–18]. Several studies 

also indicate that they may actually be more suppressive 

than Treg found in the unaffected colon mucosa, based 

on expression of immunoregulatory surface receptors 

or suppression of effector cell proliferation [15, 16, 18, 

19]. �us, the contribution of tumor-infiltrating Treg to 

patient prognosis in colorectal cancer is still not com-

pletely defined, but it would appear that Treg infiltration 

into established tumors promotes tumor progression.

Considering that Treg in cancer patients would prob-

ably have to be targeted on a subpopulation basis due 

to extensive autoimmune side-effects when target-

ing all Treg [20], the functional differences between 

intratumoral Treg subsets needs to be investigated. To 

better define intratumoral Treg, we performed mass 

cytometry analyses of Treg from tumors and unaffected 

mucosa from colon cancer patients. We identified three 

Treg clusters that accumulate in colon tumors, which 

were distinguished by their CD39 expression, and two 

that were reduced in the tumors. Subsequent flow cytom-

etry analyses showed that colon tumors could be divided 

into two types, one with a high expression of CD39 by 

Treg and one with an intermediate expression. In patient 

outcome analyses, patients with a high CD39 expression 

by tumor-infiltrating Treg had a worse outcome.

Results
Mass cytometry identi�es 13 clusters of intestinal Treg 

in colon cancer patients

To obtain an unbiased overview of Treg subpopulations 

in colon tumor tissues, the  CD45+ fraction of mucosal 

single cell suspensions from both unaffected colon tis-

sue and tumors from 8 consecutive patients (Additional 

file  1: Table  S1) were analysed by mass cytometry. As 

previously demonstrated [15, 21, 22], Treg frequencies 

were increased in the tumors compared to unaffected tis-

sue (1.9 ± 1.3% Treg among all  CD3+ cells in unaffected 

tissue, and 5.6 ± 3.0% in tumors), and the intraepithe-

lial lymphocyte (iEL) fractions contained virtually no 

Treg. Treg were manually gated (Additional file 1: Figure 

S1) before unsupervised clustering and dimensionality 

reduction was performed. We identified 13 mucosal Treg 

metaclusters in the lamina propria lymphocyte (LPL) 

fractions across multiple patients and the two tissue 

types (Fig.  1A). Originally, 18 clusters were computed, 

but 5 clusters contained events less than 1% of all Treg 

in both tumors and unaffected tissues and were excluded 

from further analysis. Metacluster distribution was then 

identified among the two tissue types and the patients for 

further analysis.

Of the 13 clusters identified in the LPL fraction, 

two (cluster 6 and 9) were significantly increased in 

the tumors at p < 0.01 and one (cluster 8) at p < 0.02 

(Fig. 1B). �e three enriched clusters grouped together 

at one end of the UMAP plot, indicating similarity 

(Fig.  1A). Cluster 6 was one of the more numerous in 

the tumors, comprising on average 10.3% of intratu-

moral Treg, and was increased 3.6-fold compared to 

Fig. 1 Unsupervised clustering of Treg from colon tissues. Single  CD45+ cell suspensions from unaffected colon tissue and tumors were analysed 

by mass cytometry. A Phenograph clustering of Treg resulted in 13 metaclusters which are overlayed on the corresponding UMAP plot. B Volcano 

plot shows the fold change of the median cluster frequencies plotted against the p value of the paired analysis between unaffected and tumor 

tissue. C Frequencies of cells designated to the significantly increased or decreased clusters in unaffected and tumor tissue. Symbols represent 

individual values and values from the same patient are connected. D Heatmap showing the median signal intensities of the respective markers in 

the different clusters. Color coding is applied over the whole heatmap. *p < 0.02, **p < 0.01, n = 8

(See figure on next page.)
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Fig. 1 (See legend on previous page.)
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unaffected colon. Cluster 9 made up an average of 4.6% 

of tumor-infiltrating Treg, but was increased from 

virtually no cells at all in the unaffected tissue, result-

ing in a median 175-fold increase (Fig.  1B, C). Clus-

ter 6 cells appear to correspond to activated effector/

memory Treg based on their expression of CD45RO, 

inducible T-cell co-stimulator (ICOS; CD278), OX-40 

(CD134), and CD39. Cluster 8 has a similar expression 

of CD45RO, ICOS, and CD39, and the major difference 

between cluster 6 and 8 is the relatively low expression 

of OX-40 in cluster 8 (Additional file 1: Figures S2 and 

S3). Both cluster 6 and 8 comprise proliferating cells, as 

judged by Ki67 expression, which is virtually absent in 

all other clusters (Fig. 1D). �e highly enriched cluster 

9 also comprises  CD45RO+ICOS+OX-40+CD39+ cells 

but is distinguished from the other clusters by a high 

CD56 expression (Fig. 1D, Additional file 1: Figures S2 

and S3).

Furthermore, two clusters were significantly reduced 

in the tumors compared to the unaffected mucosa (clus-

ter 7 and 12, p < 0.02 and p < 0.01, respectively; Fig. 1B). 

�ey both comprise cells with a low expression of ICOS, 

OX-40, and CD39. Cluster 12 is relatively small, and has 

a lower expression of CD45RO and higher CD45RA and 

L-selectin (CD62L) expression than any other cluster, 

and might thus represent naïve Treg (Fig. 1D). Cluster 7 

is one of the most numerous in the unaffected tissue, and 

has a lower expression of both the activation and exhaus-

tion markers assessed in the current panel, and may cor-

respond to resting memory Treg. Additional file 1: Figure 

S4 shows frequencies of the remaining clusters in unaf-

fected and tumor tissue.

Virtually all the Treg in the tissues express the effector 

molecule CD95 (Fas) and the immune checkpoint recep-

tor T cell immunoreceptor with Ig and ITIM domains 

(TIGIT), while another immune checkpoint, lymphocyte 

activation gene 3 (LAG-3), has a limited expression in 

all clusters. �e best characterized immune checkpoint 

marker, programmed cell death protein 1 (PD-1; CD279), 

has an intermediate expression, but is not differentially 

expressed in any of the enriched clusters (Fig. 1D, Addi-

tional file  1: Figure S2). When comparing the clusters 

that were either increased or decreased in the tumors, 

the best markers to separate them, among those used in 

the current study, are ICOS, OX-40, and CD39 (Addi-

tional file 1: Figure S3). ICOS and OX-40 are co-stimula-

tory molecules expressed on activated cells, while CD39, 

an ectoenzyme converting ATP to AMP as a first step 

to generate immunosuppressive adenosine [23], marks 

effector Treg (eTreg) with improved suppressive ability 

[24–26]. �e expression of CD39 also correlates well with 

the enriched clusters 6, 8, and 9, and is lower in cluster 7 

and 12 (Additional file 1: Figures S2 and S3).

The frequency of  CD39+ intratumoral Treg divides patients 

into two groups

As CD39 could be used as a proxy marker for the sub-

sets of activated Treg accumulating in colon tumors, we 

extended our studies to a set of 44 consecutive patients, 

and used flow cytometry to identify  CD39+ Treg in 

tumors, unaffected tissue, and blood (see Additional 

file  1: Figure S5 for gating strategy). �ese analyses 

showed that patients could be divided into two well-

defined groups based on the frequency of CD39 express-

ing cells among intratumoral Treg (Fig.  2A), denoted 

here as group I who have tumors with ≥ 75% of CD39-

expressing cells among intratumoral Treg and group II 

with < 75% of  CD39+ Treg. In contrast, no clear division 

into groups could be seen when analysing circulating 

Treg and Treg from unaffected colon tissue in our patient 

cohort. It should be noted that there was no significant 

difference between group I and II patients in total intra-

tumoral Treg frequencies (Fig.  2B). We also compared 

frequencies of  CD39+ Treg between tissues to investi-

gate if circulating Treg may give an indication of CD39 

expression by intratumoral Treg. Indeed, when both 

patient groups were analyzed together, it was clear that 

CD39 expression among Treg correlated positively and 

significantly between all tissues (p < 0.001; Additional 

file 1: Figure S6). Intratumoral Treg had a near universal 

expression of CD39 when frequencies of CD39-express-

ing Treg reached 60% in peripheral blood or unaffected 

colon tissue.

It was previously shown that Treg effector cells are all 

found in the  Foxp3high population [14]. We thus exam-

ined Foxp3 expression in the tumor-infiltrating Treg to 

correlate with CD39 expression. �ese analyses showed 

that the Foxp3 mean fluorescence intensity (MFI) ratio 

between  CD39+ and  CD39− intratumoral Treg was 

greater in colon tumors of patients from group I, with 

high CD39 expression, compared to Treg from group 

II with low CD39 expression (Fig.  2C). Taken together, 

these findings suggest that colon cancer patients may 

be divided into two groups based on the frequency of 

 CD39+ intratumoral Treg and that patients with a high 

frequency of CD39-expressing Treg in the tumor may 

also have larger numbers of effector Treg, with a more 

activated phenotype driven by high Foxp3 expression.

CD39+ Treg frequencies do not correlate to clinical 

parameters

�e microsatellite status and tumor stage of colon tumors 

are important factors determining the ensuing immune 

response to the tumor as well as patient outcome in colon 

cancer [2, 27, 28], and we next wanted to investigate 

frequencies of  CD39+ putative eTreg in the tumors in 
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relation to clinical parameters. All MSI tumors included 

in the study, were characterized as MSI-H, and no MSI-L 

tumors were detected. We observed similar frequencies 

of total intratumoral Treg among  CD4+ T cells in MSI-H 

tumors compared to MSS tumors (Fig.  3A). To investi-

gate if MSS/MSI-status in colon cancer could contribute 

to the presence of  CD39+ intratumoral Treg, we stratified 

our sample for group I and II, but there was no significant 

difference between MSI-H and MSS tumors regarding 

the frequency of intratumoral  CD39+ Treg (Fig. 3B).

Additionally, we analyzed CD39 expression by intratu-

moral Treg in relation to prognostically important clini-

cal parameters such as age, tumor localization, tumor 

differentiation grade, T stage, lymph node spread and 

tumor stage (Fig.  4). Group II patients were, except for 

two patients, clustered in the age span between 71 and 

78, but apart from this observation, there was no correla-

tion between age and CD39 expression by intratumoral 

Treg (Fig.  4A). In addition, there was no clear relation-

ship between CD39 expression by intratumoral Treg or 

tumor location (Fig. 4B). Furthermore, CD39 expression 

by tumor-infiltrating Treg did not differ significantly 

between tumors with varying differentiation grade, dif-

ferent T stage or lymph node spread, and neither with 

tumor stage (Fig. 4C–F). We could also note that patients 

in group I or group II did not accumulate in any of the 

subgroups divided according to tumor characteristics 

(Fig.  4B–F). We conclude that, at the stage of primary 

surgery, the presence of  CD39+ intratumoral eTreg 

is likely not dependent on established prognostically 

important clinical parameters, such as tumor stage or 

microsatellite status.

High levels of CD39 expression among intratumoral Treg 

may correlate to a worse patient outcome

In light of the recent studies correlating high Treg infil-

tration in colon tumors with a poor patient outcome 

[15, 16], we compared the prognosis for patients with 

high and low CD39 expression, to investigate if the 

assumed functional difference between the  CD39+ 
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Fig. 2 CD39 expression by Treg from colon adenocarcinoma patients. Frequencies of  CD39+ Treg among total Treg, were determined by flow 

cytometry in single cell suspensions from tumors, unaffected colon tissue and peripheral blood. Colon tumors were divided into two groups based 

on CD39 expression by isolated intratumoral Treg, i.e. group I tumors (≥ 75% of CD39-expressing cells among intratumoral Treg) and group II 

tumors (< 75% of CD39-expressing cells among intratumoral Treg). A Representative FACS-plots, depicting CD39 expression by Treg from one group 

I tumor and one group II tumor, and a compilation of individual data points from the different locations (n = 40–44), with tumor-infiltrating Treg 

color-coded with red (group I) and blue (group II). B Lymphocytes isolated from group I and II tumors were analyzed for frequencies of total Treg 

among intratumoral  CD4+ T cells. C MFI of Foxp3 expression (n = 36), shown as the MFI ratio of Foxp3 expression, between  CD39+ and  CD39− Treg 

in patients belonging to group I and II. Symbols represent individual values and horizontal lines the median. Individual values are color-coded in red 

(group I) and blue (group II). **p < 0.01, ****p < 0.0001
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and  CD39− intratumoral Treg subsets in colon cancer 

may affect patient outcome. Using survival analysis and 

comparing Kaplan–Meier curves for group I and group 

II during a follow-up period of at least three years, we 

observed a tendency towards higher cumulative cancer-

specific survival in group II, with a lower proportion of 

 CD39+ Treg compared to group I, which was not sta-

tistically significant (p = 0.131; Fig.  5A). However, the 

cumulative relapse-free survival did not differ to the 

same extent between the groups (Fig. 5B). Due to the low 

frequency of events, we could not perform multivariate 

analyses. However, the absence of correlation between 

intratumoral  CD39+ Treg frequencies and both micro-

satellite status and clinical parameters, may suggest that 

CD39 expression by Treg is a relatively independent sur-

vival predictor. Taken together, survival data suggests 

that patient prognosis in colon cancer may be affected by 

the degree of intratumoral accumulation of Treg with an 

activated phenotype, pointing towards the possibility that 

accumulation of functionally distinct Treg subsets in the 

tumor microenvironment may affect patient outcome.

Discussion
In this study, we present a detailed examination of Treg 

phenotypes in colon tumors and preliminary survival 

data for colon cancer patients, which suggests that a 

large intratumoral accumulation of eTreg, defined by 

their expression of CD39, may correlate to a poor patient 

prognosis.

It is well known that Treg accumulate in solid tumors, 

and here we provide an unbiased multiparameter assess-

ment of the specific Treg populations that are infiltrat-

ing human colon tumors. Based on suppression assays 

conducted in  vitro, tumor-infiltrating Treg in colorectal 

cancer can exert immunosuppressive functions via pro-

grammed death-ligand 1 (PD-L1), IL-10 and TGF-β [16, 

19]. In addition, tumor-infiltrating Treg will probably 

also act to suppress surrounding effector immune cells 

through the activity of CD39 and ultimately adenosine 

signaling, similar to what is suggested for intratumoral 

Treg in breast cancer patients based on in  vitro experi-

ments [29].

A striking feature of the enriched Treg populations 

detected in our study is their activated phenotype with 

expression of the co-stimulatory molecules ICOS and 

OX-40, combined with the effector molecule CD39. 

�ere is also an almost uniform expression of the exhaus-

tion marker TIGIT among the tumor-infiltrating Treg, 

while other immune checkpoint receptors associated 

with exhaustion (PD-1 and LAG3) were not expressed to 

any larger extent in the enriched clusters. �is is some-

what surprising, but might indicate that the Treg accu-

mulating in colon tumors represent activated eTreg that 

are not yet under the influence of immunomodulatory 

checkpoint signaling. �e ongoing proliferation in two 

clusters and the generally high expression of activation 

markers in the enriched clusters would also support this 

conclusion. Unfortunately, the cell numbers that can be 

retrieved from tumor tissue only occasionally allows for 

cell sorting and functional assays. �e Treg accumulat-

ing in tumors were also low in CD103, which has been 

used as a marker of tissue resident memory T cells. How-

ever, recent findings indicate that this is primarily true 

for  CD8+, but not  CD4+, T cells in the human intestinal 

mucosa [30]. We could also identify one enriched clus-

ter which is distinguished by a strong expression of CD56 

(cluster 9). �is may seem contra-intuitive, as CD56 is 

mainly expressed by NK cells and by unconventional T 
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cells. However, a recent study identified high frequencies 

of TGF-β-producing  CD56+ Treg in active lesions from 

Langerhans cell histiocytosis [31]. Suppressive  CD56+ 

Treg have also been detected in hepatocellular carcinoma 

[32]. �ese authors speculated that the tumor microen-

vironment may convert infiltrating  CD56+ T cells into 

functional Treg, possibly by TGF-β, but if this is the case 

in CRC remains to be examined. Taken together, the 

common feature of all the enriched Treg clusters in the 

tumors is a strong expression of ICOS, OX-40, and CD39, 

which are not seen in the contracting clusters. Of these 

markers, CD39 is a well-established effector molecule of 

potent Treg, and correlates well to an activated pheno-

type [17, 18, 24, 25].

CD39 is also known as ectonucleoside triphosphate 

diphosphohydrolase-1 (ENTPD1), an ectoenzyme cata-

lyzing the first and rate-limiting step in the conversion 

of extracellular ATP to immunosuppressive adenosine, 

which is one of the main effector functions in Treg [24, 

33, 34]. A further consequence of this enzymatic activ-

ity is the removal of pro-inflammatory extracellular ATP, 

which activates myeloid cells through the NLRP3 inflam-

masome. Adenosine may act directly on tumor cells 

and promote oncogenic processes, but also creates an 
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immunosuppressive environment and reduce both T cell 

and antigen-presenting cell functions [23, 35, 36]. In par-

ticular,  CD39+ Treg may be most prone to suppress �17 

cells [37, 38].  CD39+ Treg from cancer patients also sup-

press transendothelial migration of conventional effector 

T cells [39]. Indeed,  CD39+ Treg have a superior suppres-

sive ability compared to  CD39− Treg both in  vivo and 

in  vitro [24–26]. �is effect is not necessarily depend-

ent on only CD39 activity and generation of adenosine, 

as previous studies suggest that  CD39+ Treg in colon 

tumors display several additional markers conferring 

suppressive ability [17, 18, 39–41]. We thus used CD39 to 

mark the enriched subsets of putative eTreg in our sub-

sequent analyses of tumor-infiltrating Treg. After divid-

ing the colon cancer patients into two groups based on 

the frequency of  CD39+ Treg among intratumoral Treg, 

we could also show that  CD39+ Treg in the tumors have 

higher Foxp3 expression on a per cell basis if they are 

isolated from tumors with a high infiltration of  CD39+ 

Treg compared to tumors with fewer  CD39+ Treg. �is 

suggests that the former patients may exhibit a more 

tightly regulated, and less favorable, anti-tumor immune 

response compared to patients with fewer  CD39+ Treg 

and that CD39 is a good marker for activated eTreg.

�e accumulation of  CD39+ Treg in colon tumors may 

result from specific recruitment, intratumoral prolifera-

tion, improved retention and upregulation of CD39 in 

the tumor microenvironment. Genetic polymorphisms in 

the ENTPD1 gene encoding CD39 may also be an impor-

tant determinant of this process. �ree different sin-

gle nucleotide polymorphisms (SNPs) in this gene have 

been reported to correlate with different levels of CD39 

expression among Treg in peripheral blood of healthy 

donors [26] and cancer patients [17]. We observed a 

strong correlation between  CD39+ Treg frequencies in 

the different tissues examined, indicating that ENTPD1 

SNPs may affect CD39 expression in all tissues. In par-

ticular, the correlation between  CD39+ Treg frequencies 

in peripheral blood and tumor is of potential interest and 

indicates that  CD39+ Treg frequencies above approxi-

mately 60% of total Treg in peripheral blood will likely 

correspond to patients with a large accumulation of 

intratumoral  CD39+ Treg. Taken together, this suggests 

that frequencies of  CD39+ Treg in peripheral blood, as 

well as the ENTPD1 SNPs of each patient may serve as 

biomarkers to assess the corresponding  CD39+ Treg fre-

quencies in colon tumors.

A correlation between Treg accumulation in colo-

rectal tumors and a poor patient survival has been 

demonstrated in recent studies [15, 16]. However, this 

correlation may be weaker for colorectal cancer com-

pared to other solid cancer forms, based on several ear-

lier studies showing a favorable effect of Treg on patient 

outcome [10, 12–14]. As most of these studies relied only 

on Foxp3 expression to define Treg, it is possible that 

activated conventional effector T cells were also included 

in the analysis [15]. As flow cytometry allows a much 

more detailed delineation of cell subsets, it is a more 

adequate method to identify Treg. Here, we did a further 

subdivision, and analysed if the accumulation of eTreg, 

defined by CD39, would correlate to established clinical 

parameters.

It should be noted that we analysed stage I to III 

patients with no metastases at surgery and complete 

A B

Numbers at risk

11

5

10Group I 31 31 30 27 25 23 23 20 20 17

Group II 13 12 12 12 12 12 10 9 7 5

31 30 27 25 23 22 22 19 18 15

13 12 12 11 11 11 10 9 7 5 5

Fig. 5 Frequencies of intratumoral  CD39+ Treg and patient outcome. Preliminary data on cumulative cancer-specific survival (A) and cumulative 

relapse-free survival (B), of group I patients (≥ 75% of CD39-expressing Treg) and group II (< 75% of CD39-expressing Treg). Kaplan–Meier curves 

are color-coded for patients belonging to group I (n = 31; red) and II (n = 13; blue) and the number at risk in each group at specified time-points is 

depicted below each graph. Small vertical bars on the Kaplan–Meier curves indicate censoring
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removal of the tumor, a patient group that has a relatively 

good prognosis. �is is a limitation of our study, as is the 

relatively low number of individuals included. Still, the 

evaluation of patient outcome shows a tendency towards 

lower cancer-specific survival in the patients with a larger 

proportion of intratumoral  eCD39+ Treg. It is worth con-

sidering that there were no differences in total Treg fre-

quencies in the tumors between patients with high and 

low frequencies of CD39-expressing Treg, and the poten-

tial effect seen here is not due to the presence of Treg 

as such, but rather the presence of an activated effector 

subset. �e relatively low number of events registered 

in terms of relapse and cancer-specific death does not 

allow the detection of any significant differences between 

groups, and multivariate analysis can not be performed at 

this stage. Generally, patients with MSI-H tumors have a 

more favorable outcome than patients with MSS tumors 

do. In our study, patients with high and low  CD39+ Treg 

frequencies had an equal distribution of MSS- and MSI-

tumors. Furthermore, the other clinical parameters with 

a direct correlation to patient outcome that were exam-

ined did not seem to influence intratumoral  CD39+ 

Treg frequencies. �us,  CD39+ Treg frequency in colon 

tumors is probably independent of the most common 

clinical parameters associated with patient prognosis in 

colon cancer. As these parameters do not co-vary with 

frequencies of  CD39+ Treg, we believe that CD39 expres-

sion on Treg may be an independent variable contribut-

ing to patient outcome.

Patients with MSI-H colon tumors respond better to 

anti-PD-1/PD-L1 treatment compared to patients with 

MSS tumors [7]. PD-1 targeted treatment primarily 

improves effector T cell function, which is regulated in 

part by PD-L1 and PD-L2 expression on several different 

cell types, and the role of Treg suppression in this respect 

is not well known at present. If targeting of specific Treg 

subsets in colorectal cancer patients may help patients 

with MSS tumors, for example due to the inhibitory 

effect of Treg on the migration of effector T cells into 

tumors [39], remains to be elucidated. However, this may 

be an important alternative to already established cancer 

immunotherapies.

Conclusions
�is study presents data suggesting an association 

between a large intratumoral  CD39+ Treg accumulation 

in colon tumors with a less favorable patient outcome. 

�is is one step towards establishing improved treatment 

options for colon cancer patients, beyond PD-1 block-

ing, which may be especially important for patients with 

MSS colon tumors. Pre-clinical studies evaluating CD39-

targeted therapy have shown success in the last few years 

[42–44], and may be a viable option for immunotherapy 

in MSS colon tumors with a large Treg infiltration.

Methods
Patients and collection of specimen

�e study was performed at Sahlgrenska University 

Hospital and the Sahlgrenska Academy at the Univer-

sity of Gothenburg, in Gothenburg, Sweden. �e study 

was approved by the Regional Research Ethics Commit-

tee of West Sweden, and all methods were performed in 

accordance with the relevant guidelines and regulations. 

Peripheral blood, unaffected colon tissue, and tumor 

were collected from 8 consecutive colon adenocarcinoma 

patients undergoing curative hemicolectomy. In a second 

set of experiments, material was collected from 49 addi-

tional patients, and of these, 44 patients were eligible for 

survival analysis and included in the study. None of the 

patients had undergone radiotherapy or chemotherapy 

for at least 3  years prior to surgery, and none suffered 

from autoimmune disease. Information about tumor 

stage was retrieved from the pathology report and medi-

cal records. Patient details and tumor characteristics are 

presented in Additional file 1: Table S1 and S2.

MSS/MSI-analysis

�e microsatellite status of each colon tumor was ana-

lyzed through detection and qualitative assessment of 

amplified and fluorescently labeled microsatellite mark-

ers using the MSI Analysis System, Version 1.2 (ProMega) 

as previously described [45]. In total seven markers were 

co-amplified using PCR-based technique, including 

five mononucleotide repeat markers (BAT-25, BAT-26, 

NR-21, NR-24 and MONO-27) and two pentanucleotide 

repeat markers (Penta C and Penta D). Upon completion 

of the PCR-part of the assay, co-amplicons were detected 

on the ABI PRISM® 3730 using PowerPlex 4C Matrix 

Standard, according to the manufacturer’s instructions. 

Microsatellite instability, defined as peak alterations in 

the dinucleotide repeats of each microsatellite marker, 

was assessed using the marker electropherogram of the 

tumor compared to corresponding unaffected colon tis-

sue. Tumors were defined as MSI-H tumors (if > 1 of the 

5 markers showed instability), MSI-L tumors (if only 1 

marker showed instability) or MSS tumors (if no MSI was 

detected), and were analyzed using Peak scanner Soft-

ware 2.

Isolation of lymphocytes

Blood from patients was collected in heparinized tubes, 

and peripheral blood mononuclear cells were isolated 

by Ficoll-Paque (Pharmacia) density-gradient centrifu-

gation. A biopsy of the tumor and macroscopically nor-

mal appearing mucosa from at least 10  cm away from 
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the tumor (called unaffected colon mucosa) was col-

lected at the time of surgery. �e tissue was immediately 

placed in ice-cold PBS, and iEL and LPL were isolated by 

enzymatic digestion after removal of the epithelial frac-

tion, essentially as described [46], but using 36 μg/ml of 

Liberase TL (Roche) for 1 h. For mass cytometry, CD45 

leukocytes were isolated from the resulting single cell 

suspensions using the REAlease CD45 (TIL) MicroBead 

Kit (Miltenyi Biotec) according to the manufacturer’s 

instructions, and kept over night at 37 °C before staining 

and analysis. For flow cytometry analyses, isolated LPL 

cells were kept overnight at 4  °C and then stained with 

selected antibody-fluorochrome conjugates.

Mass cytometry staining and data acquisition

We used CD45 live cell barcoding with three Platinums 

and 89Y to simultaneously analyse four different cell sus-

pensions, iEL and LPL from both tumor and unaffected 

tissue. �e different samples were individually incubated 

with the CD45 tags for 20  min at room temperature. 

After washing, cells were pooled and incubated with 

Human TruStain FcX (Biolegend) for 5 min at room tem-

perature, followed by addition of the primary antibody 

mix for additional 30 min. See Additional file 1: Table S3 

for the antibodies used. Cells were washed and stained 

with a secondary antibody mix consisting of anti-PE, 

anti-APC and anti-FITC antibodies. Subsequently, live/

dead staining was performed with pre-warmed (37  °C) 

Rhodium-103 (Fluidigm) for 15  min at room tempera-

ture. Cells were fixed and permeabilized with the FoxP3 

staining kit (eBioscience) according to manufacturer’s 

protocol, and FoxP3 and Ki67 were stained in Perm 

buffer from the staining kit for 45  min. Cells were then 

fixed with fresh 2% PFA for 10  min at RT, pelleted and 

stored in a small volume of the same buffer over night at 

4 °C. Next day, samples were stained with Cell-ID Ir (Flu-

idigm) for 10 min, washed, and prepared for acquisition 

in cell acquisition solution (Fluidigm) on a Helios mass 

cytometer (Fluidigm).

Mass cytometry data analyses

Mass cytometry data was analysed with OMIQ (https:// 

www. omiq. ai/), and the heatmap in Fig.  1 was gener-

ated by using the R heatmap2 package. �e data was 

cleaned up and manually gated as shown in Additional 

file 1: Figure S1. �e sub-gated  FoxP3+CD25highCD27low 

Treg were exported to new FCS files with original scal-

ing and all markers, except the ones excluded for cluster-

ing. Exported files were loaded into OMIQ and arcsinh 

scaling was performed (factor 5, Min -5 and Max 12,000). 

UMAP [47] was run with the following parameters: 

neighbors 15; minimum distance 0.2; components 2; 

metric Euclidean; learning rate 1; epochs 400; random 

seed 2390; embedding initialization spectral. Phenograph 

[48] was run with the following parameters: k 20; dis-

tance metric Euclidean, Louvain seed 7617, Louvain runs 

1, number of results 1. Phenograph computed 18 clusters 

of which 5 clusters contained events less than 1% of all 

Treg in both tumors and unaffected tissues. �ese were 

excluded from further analysis.

Flow cytometry analyses

Flow cytometry analyses were performed on single cells 

after excluding dead cells with Live/Dead fixable aqua 

dead cell stain kit (Molecular Probes). Data acquisition 

was performed on a LSRII flow cytometer or a FACS Aria 

(BD Biosciences), equipped with FACS Diva software (BD 

Biosciences) and analyzed using FlowJo software (TreeS-

tar Inc). �e antibodies used are listed in Additional file 1: 

Table S4. To stain for Foxp3 we used the Foxp3 Staining 

Buffer Set (eBioscience) for intracellular staining, and 

Treg were identified as  CD3+CD4+FoxP3+CD25high cells 

within the lymphocyte gate (see Additional file 1: Figure 

S5) [49]. Isotype controls were used as reference to deter-

mine cut-off levels for specific expression.

Survival analysis

Of the 49 colon cancer patients selected to participate 

in the study, five patients were not admissible for sur-

vival analysis and thus excluded from the study; two 

patients due to non-radical surgery; two patients due to 

a non-primary tumor; and one patient due to moving 

abroad which made follow-up impossible. Of the remain-

ing 44 patients included in the survival analysis eight 

patients were censored due to non-cancer related death 

but remained in the study until they were censored. �e 

time to event ranged from 81 to 1071  days (in relation 

to relapse), 372–734  days (in relation to cancer-specific 

death), and the time to censorship ranged from 109 days 

to the end of the study (also including censorship from 

non-cancer specific death). �e median follow-up time 

was 1524 days for patients that had been censored based 

on follow-up time. Estimated survivor curves were per-

formed using the Kaplan–Meier method and the SPSS 

program.

Statistical methods

Statistical analyses were performed with Prism (Graph-

Pad, US), using Wilcoxon matched-pairs signed rank 

test to compare paired data from the same patient, and 

Mann–Whitney and Kruskal–Wallis tests to compare 

data from different patients, comprising two groups 

and more than two groups, respectively. Spearman cor-

relation tests were used for correlation analyses, and 

https://www.omiq.ai/
https://www.omiq.ai/
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Log-Rank test for comparison of Kaplan–Meier curves. p 

values of < 0.02 were considered significant.
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