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colorectal cancer patients
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Regulatory T cells (T,eg) inhibit the generation of host-versus-tumor immunity via suppression of tumor-specific effector T-cell
responses and development of immune tolerance to neoplastic cells. The transcription factor forkhead box P3 (FOXP3) is an
intracellular key molecule for T,.; development and function and is considered to represent the most specific T.g cell marker.
The aim of this study was to analyze the frequency and prognostic impact of tumor-infiltrating FOXP3™ T, in colorectal
cancer (CRC) stratified by mismatch-repair (MMR) status. Using the tissue microarray technique, 1,420 tumor samples were
immunohistochemically stained for FOXP3 and stratified into 1,197 MMR-proficient and 223 MMR-deficient CRCs. Additionally,
the 1,197 MMR-proficient CRCs were randomized into 2 subgroups (Test Groups 1 and 2; n = 613 and 584, respectively). In
both MMR-proficient CRC subgroups high frequency tumor-infiltrating FOXP3* T,., was associated with early T stage (p =
0.001 and <0.001), tumor location (p = 0.01 and 0.045) and increased 5-year survival rate (p = 0.004 and <0.001), whereas
in MMR-deficient CRCs an association between FOXP3* T, and absence of lymph node involvement (p = 0.023), absence of
vascular invasion (p = 0.023) and improved 5-year survival rate (p = 0.029) could be detected. In a multivariable analysis
including age, gender, T stage, N stage, tumor grade, vascular invasion, and tumor border configuration, a high FOXP3™ Treg
frequency was an independent prognostic factor in both MMR-proficient CRC subsets (p = 0.019 and p = 0.007), but not in
the MMR-deficient CRCs (p = 0.13). Therefore, high frequency of tumor-infiltrating FOXP3™ T, is associated with early

T stage and independently predicts improved disease-specific survival in MMR-proficient CRC patients.

Tumor-infiltrating lymphocytes (TILs) are considered to be
the primary host immune response against solid tumors.
Recent results have shown a correlation between survival and
density of TILs in colorectal cancer (CRC) patients.1 Further-
more, there is accumulating evidence that the type of
immune cells, rather than their sheer quantity, controls the
efficiency of the host-versus-tumor immune response.”> How-
ever, the role of TILs in predicting CRC prognosis remains a
matter of ongoing debate. Controversy may arise from the
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uncertainty concerning the in vivo activity of TILs as well as
from the lack of discriminating patients according to the
underlying type of genomic instability (microsatellite stable
vs. unstable). Approximately 10-15% of sporadic CRC and
all cases with hereditary nonpolyposis colorectal cancer
(HNPCC) are associated with high frequency of microsatellite
instability as a result of inactivation or loss of expression of
the mismatch repair (MMR) genes MLH1, MSH2 and MSH6
(so-called MMR-deficient tumors). Compared to the majority
of sporadic CRC that are MMR-proficient tumors, MMR-de-
ficient tumors are characterized a priori by a higher fre-
quency of TILs and are associated with significantly
improved prognosis.3

Increasing evidence suggests that regulatory T cells (Tc,)
have the ability to inhibit the generation of host-versus-
tumor immunity in the microenvironment of tumors via sup-
pression of tumor-specific effector T-cell responses.*”> The
transcription factor forkhead box P3 (FOXP3) is an intracel-
lular key molecule for T,.; development and function and is
considered to represent the most specific T,y cell marker so
far.°® In the majority of solid tumors studied so far, high
frequency of tumor-infiltrating FOXP3™ T,., predicted an
impaired patient survival””'® Paradoxically, increased fre-
quency of T, was recently found to be associated with
improved prognosis in lymphoma patients'” and also in CRC
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patients.'® However, the impact of tumor-infiltrating Theg fre-
quency and genetic tumor background (MMR-proficient vs.
deficient) on clinical outcome of CRC patients has not been
elucidated so far.

The objective of this study was to investigate the prognos-
tic significance of tumor-infiltrating T, by analyzing immu-
nohistochemical FOXP3 expression in tissue microarray
(TMA) specimens obtained from a large series of CRC resec-
tions stratified into MMR-proficient and MMR-deficient
samples and to correlate the findings with known clinicopa-
thological features.

Material and Methods

Tissue microarray construction

A TMA of 1,420 unselected, nonconsecutive, primary CRCs
was used. Construction of this TMA has been described pre-
viously."” Briefly, formalin-fixed, paraffin-embedded tissue
blocks of CRC resections were obtained. Tissue cylinders
with a diameter of 0.6 mm were punched from morphologi-
cally representative tissue areas of each donor tissue block
and brought into 1 recipient paraffin block (30 x 25 mm?),
using our semiautomated tissue arrayer. Each punch was
made from the center of the tumor such that each TMA spot
consisted of at least 50% tumor cells.

Immunohistochemistry

Four-micron sections of TMA blocks were transferred to an
adhesive-coated slide system (Instrumedics, Hackensack, NJ).
Standard indirect immunoperoxidase procedures were used
for immunohistochemistry (IHC; ABC-Elite, Vector Labora-
tories, Burlingame, CA). Briefly, the 1,420 punches were dew-
axed and rehydrated in distilled water. Endogenous peroxi-
dase activity was blocked using 0.5% H,0O,. The sections
were incubated with 10% normal goat serum (DakoCytoma-
tion, Carpinteria, CA) for 20 min and incubated with pri-
mary antibody at room temperature. The following primary
antibodies were used: MLH1 (clone MLH-1, BD Biosciences,
San Jose, CA), MSH2 (clone MSH-2, BD Biosciences), MSH6
(clone 44, Transduction Laboratories, San Jose, CA), FOXP3
(clone 236A/E7, Abcam, Cambridge, UK), CD3 (Clone
F7.2.38, DakoCytomation, Switzerland), and CD8 (clone C8/
144B, DakoCytomation, Switzerland). Subsequently, sections
were incubated with peroxidase-labeled secondary antibody
(DakoCytomation) for 30 min at room temperature. For vis-
ualization of the antigen, the sections were immersed in 3-
amino-9-ethylcarbazole plus substrate-chromogen (DakoCy-
tomation) for 30 min, and counterstained with Gill’s
hematoxylin.

Mismatch repair status

The 1,420 CRC were stratified according to DNA MMR sta-
tus: (i) MMR-proficient tumors were defined as expressing
MLH1, MSH2 and MSHS6; (ii) MMR-deficient tumors lacking
MLH1 or MSH2 and/or MSH6 at any age, or loss of MLH1
at less than 55 years.”” Stratification revealed a TMA compo-

Tumor-Infiltrating FOXP3"* Regulatory T Cells

sition of 1197 MMR-proficient tumors and 223 MMR-defi-
cient tumors (including presumed HNPCC tumors).

Clinicopathological features

The clinicopathological data included patient age at diagnosis,
tumor diameter, tumor location (right-sided, left-sided or
rectum), pT stage, pN stage, tumor grade, histologic subtype,
vascular invasion, tumor border configuration, the presence
of peritumoral lymphocytic inflammation at the invasive tu-
mor front and disease-specific survival. Tumor border config-
uration and peritumoral lymphocytic inflammation was eval-
uated according to the method proposed by Jass et al.*' using
the original H&E slides of the resection specimens corre-
sponding to each tissue microarray punch.

Evaluation of immunohistochemistry

The total number of TILs as well as the number of FOXP3",
CD3", and CD8" cells contained within each punch, approx-
imately the same as 1 high power (40x) field, was deter-
mined for each case. MLH1, MSH2 and MSHS, respectively,
were scored as negative (0% staining) or positive (>0%
staining).

Statistical analysis

To test the reproducibility of the associations of FOXP3 and
clinico-pathological features, the larger cohort of 1,197
MMR-proficient CRCs was randomized into 2 subgroups of
patients, containing ~50% of cases. The cut-off score with
which to classify tumors as having a low or high FOXP3 cell
count was obtained by performing receiver operating charac-
teristic (ROC) curve analysis on Test Group 1 only.”” With
this method, the sensitivity and false positive rate for dis-
criminating survivors and nonsurvivors of CRC was deter-
mined at each FOXP3 count, thereby generating a ROC
curve. The (0, 1) criterion was used to select the score mini-
mizing the trade-off between sensitivity and specificity and
the reliability of the selected cut-off was tested by resampling
of the data 500 times. The cut-off score was determined to
be 17 cells/TMA punch, a value which corresponded as well
to the median number of FOXP3 cells/punch. Chi-Square or
Fisher’s Exact test were used to determine the association of
FOXP3 expression and clinicopathological features. Univari-
ate survival analysis was carried out by the Kaplan-Meier
method and log rank test. Subsequently, a Bonferroni correc-
tion was applied to the data to adjust for multiple compari-
sons. Therefore, only p-values <0.004 were considered signif-
icantly associated with FOXP3 expression. The assumption of
proportional hazards was verified for FOXP3 by analyzing
the correlation of Schoenfeld residuals and the ranks of indi-
vidual failure times. Any missing clinico-pathological infor-
mation was assumed to be missing at random. Subsequently
FOXP3 was entered into multivariable Cox regression analy-
sis and hazard ratios (HR) and 95% confidence intervals (CI)
were used to determine the prognostic effect of FOXP3 on
survival time. Spearman’s rank correlation was used to
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Table 1. Characteristics of patients with mismatch repair (MMR)-proficient (test group 1; n = 613 and test group 2; n = 584 groups) and

MMR-deficient colorectal cancers (n = 223)

MMR-proficient

Frequency N (%)

MMR-deficient

Clinico-pathological features Test Group 1 Test Group 2 p-value Frequency N (%)
Gender Female 288 (49.6) 308 (50.5) 0.75 145 (65.0)
Male 293 (50.4) 302 (49.5) 78 (65.0)
Tumor location Left-sided 198 (34.4) 185 (30.7) 0.272 47 (21.1)
Right-sided 159 (27.7) 184 (30.6) 145 (65.0)
Rectum 218 (37.9) 233 (38.7) 31 (13.9)
pT stage pT1 27 (4.7) 33 (5.6) 0.764 2 (0.9
pT2 92 (16.1) 97 (16.4) 14 (6.3)
pT3 361 (63.1) 379 (63.9) 159 (71.6)
pT4 92 (16.1) 84 (14.2) 47 (21.2)
pN stage pNO 283 (51.1) 304 (51.7) 0.211 124 (56.1)
pN1 136 (24.6) 172 (29.3) 50 (22.6)
pN2 135 (24.4) 112 (19.1) 47 (21.3)
Tumor grade G1-2 518 (88.7) 551 (89.9) 0.507 174 (78.0)
G3 66 (11.3) 62 (10.1) 49 (22.0)
Histological subtype Mucinous 42 (7.2) 47 (7.7) 0.754 30 (13.5)
Other 542 (92.8) 566 (92.3) 193 (86.6)
Vascular invasion Absent 405 (71.2) 429 (71.9) 0.797 168 (76.7)
Present 164 (28.8) 168 (27.1) 51 (23.3)
Tumor border configuration Pushing 211 (37.2) 219 (36.7) 0.887 83 (37.7)
Infiltrating 357 (62.9) 377 (63.3) 137 (62.3)
Peritumoral lymphocytic inflammation Absent 458 (80.5) 470 (78.7) 0.455 164 (74.6)
Present 111 (19.5) 127 (21.3) 56 (25.5)
Mean (range) Mean (range)
Patient age at diagnosis (years) 70.1 (36-96) 70.0 (30-96) 0.881 69.1 (37-93)
59.5 (6-170)
Tumor diameter (mm) 47.5 (5-130) 47.5 (4-150) 0.998
5-year survival rate (95%Cl) 5-year survival rate (95%Cl)
Survival rate (95%Cl) 53.8 (49-58) 53.3 (48-58) 0.706 71.2 (64-77)

analyze the correlation between CD3", CD8", and FOXP3*
TILs. Analyses were carried out with SAS (V9.1, The SAS
Institute, Cary, NC).

Results

Patients

Of the 1,420 patients 1,197 were classified as MMR-profi-
cient; 613 and 584 patients were randomized into Test
Groups 1 and 2, respectively (Table 1). No differences in
clinico-pathological features were observed between these 2
subgroups, indicating appropriate randomization of cases.
MMR-deficient tumors (n = 223) showed a preponderance
for right-sided tumor location, poor differentiation, a more
mucinous histologic subtype and a longer 5-year survival rate
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compared to MMR-proficient tumors underlining the repre-
sentativity of this patient cohort.

Association of tumor-infiltrating FOXP3* T, frequency

with clinicopathological features

MMR-proficient colorectal cancers. In Test Group 1 and 2,
FOXP3 staining could be evaluated in 507 and 541 MMR-
proficient tumors, respectively (Table 2). In the former, high
expression of FOXP3 was significantly more frequent in rec-
tal cancers than in right-sided tumors (p = 0.01). High
expression of FOXP3 was also associated with earlier pT
stages (p = 0.001) and, marginally, with the absence of vas-
cular invasion (p = 0.084). High expression of FOXP3 in
Test Group 2 was significantly more frequent in smaller
tumors (p = 0.003), as well as in tumors with earlier pT
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Table 3. Prognostic effect of low and high FOXP3 expression after adjustment for age, gender, pT stage, pN stage, tumor grade, vascular
invasion and tumor border configuration in colorectal cancer
MMR-proficient MMR-proficient
Test Group 1 Test Group 2 MMR-deficient
Features HR (95%Cl) p-value HR (95%Cl) p-value HR (95%Cl) p-value
High versus low FOXP3 expression 0.73 (0.6-0.9) 0.019 0.7 (0.6-0.9) 0.007 0.63 (0.3-1.2) 0.13
Increasing age 1.03 (1.01-1.04) <0.001 1.04 (1.01-1.06) <0.001 1.01 (0.99-1.0) 0.246
Female versus male gender 0.78 (0.6-1.0) 0.062 0.66 (0.5-0.9) 0.001 0.93 (0.5-1.6) 0.804
pT3-T4 versus pT1-2 2.42 (1.5-3.9) <0.001 2.03 (1.3-3.1) <0.001 =
pNO versus pN1-2 2.55 (1.9-3.4) <0.001 1.97 (1.5-2.6) <0.001 2.76 (1.5-5.0) <0.001
G3 versus G1-2 1.63 (1.1-2.4) 0.015 1.63 (1.1-2.4) 0.018 1.15 (0.6-2.2) 0.675
Presence versus absence of 1.85 (1.4-2.5) <0.001 1.78 (1.4-2.4) <0.001 1.51 (0.8-2.7) 0.171
vascular invasion
Infiltrating versus pushing 1.72 (1.2-2.4) 0.001 2.11 (1.5-3.0) <0.001 1.5 (0.8-2.9) 0.221

tumor border configuration

stage (p < 0.001), and in lymph node negative cases (p <
0.001), and frequently found in rectal tumors (p = 0.045), in
cancers with nonmucinous histology (p = 0.027) and in
those with absence of vascular invasion (p = 0.042). To-
gether, the results from Test Groups 1 and 2 underline the
reproducible association of high FOXP3 expression with left-
sided MMR-proficient CRCs and with earlier pT stage.

MMR-deficient colorectal cancer. FOXP3 expression could be
evaluated in 204 cases. High FOXP3 expression in MMR-de-
ficient cases was more commonly found in female patients (p
= 0.049), in tumors with no lymph node involvement (p =
0.023), and in cases with an absence of vascular invasion (p
= 0.035).

Association of tumor-infiltrating FOXP3™ T, frequency

with disease-specific survival

Univariate survival analysis. A significant effect of FOXP3
expression on disease-specific survival was observed for both
MMR-proficient and -deficient CRCs. In MMR-proficient
Test Group 1, the 5-year survival rate for patients with high
vs. low expression of FOXP3 was 61.7% (95%CI: 55-68) and
45.9% (95%CI: 39-53), respectively (Fig. la; p = 0.004). Sim-
ilarly in Test Group 2, survival time was significantly more
favorable in patients with high FOXP3-expressing tumors
compared to those with low expression (5-year survival rate
59.7% (95%CI: 51-64) and 44.4% (95%CI: 35-51), respec-
tively) (Fig. 1b; p < 0.001). In MMR-deficient cases, high
FOXP3 counts were again significantly linked to prolonged
survival time compared to low expression of the marker (Fig.
1 p = 0.029).

Multivariable analysis. To determine whether the beneficial
prognostic effect of FOXP3 in both MMR-proficient and -de-
ficient CRCs was maintained after adjustment for other well-
established prognostic factors, multivariable analysis was per-
formed including clinico-pathological features (age, gender,

Int. ). Cancer: 000, 000-000 (2010) © 2009 UICC

Figure 1. Nuclear FOXP3 staining in a mismatch repair (MMR)-
proficient colorectal carcinoma (magnification x40).

pT stage, pN stage, tumor grade, vascular invasion and tumor
border configuration). In both MMR-proficient Test Group 1
and 2, high expression of FOXP3 was associated with an
improved disease-specific survival time independently of
these features (Test Group 1: p-value = 0.019; HR (95%CI)
= 0.73 (0.6-0.9), Test Group 2: p-value = 0.007; HR
(95%CI) = 0.7 (0.6-0.9)). In MMR-deficient cancers, high
expression of FOXP3 did not maintain its favorable effect on
outcome in multivariable setting (Table 3).

Correlation between CD3", CD8*, and FOXP3" in
MMR-proficient colorectal cancers

To evaluate the relationship between CD3", CDS8", and
FOXP3"- positive cells in MMR-proficient CRCs, additional
immunohistochemical staining were performed. The 1,108
and 1,071 cases of MMR-proficient tumors were evaluable
for CD3" and CD8", respectively. A strong, positive
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correlation was observed between the 3 TIL types. The corre-
lation between CD3" and FOXP3 was r = 0.31 (p < 0.001)
and r = 0.49 for CD8" and FOXP3™ (p < 0.001).

Discussion

The aim of the present study was to analyze the prognostic
impact of FOXP3" tumor-infiltrating T, in a large series of
CRC samples stratified by MMR status using immunohisto-
chemistry and TMA technology. Indeed, in univariate and
multivariable analysis including age, gender, T stage, N stage,
tumor grade, vascular invasion and tumor border configura-
tion, a high FOXP3™" Tyeg frequency was associated with a
significantly improved 5-year survival rate in MMR-proficient
CRCs, but not in the MMR-deficient CRCs. By using 2
randomized cohorts of MMR-proficient cases in addition to
ROC curve analysis, the effect of FOXP3 on outcome was
found to be reproducible.

Tumor-infiltrating lymphocytes have been shown to in-
hibit tumor growth in a variety of solid tumors and a high
frequency of TILs is associated with improved prognosis.”’
Accumulating evidence suggests that type, frequency and
location of immune cells in CRC may have a higher prognos-
tic value than the tumor-node-metastasis (TNM)-classification
of the International Union against Cancer (UICC)."*** Tu-
mor-infiltrating FOXP3™ T, play a significant role in sup-
pressing the host antitumor response and therefore might
adversely affect prognosis. Accumulation of FOXP3™" Treg in
the microenvironment of tumors has been demonstrated in
ovarian,”” lung,'® breast,>'" pancreatic,'* hepatocellular,*> >’
head and neck,"’ colorectal,'**® prostate’> and anal carci-
noma.'® In most of these solid tumors, high frequency of tu-
mor infiltrating FOXP3" T,, was associated with poor
patient survival. Moreover, increasing evidence indicates that
tumor-specific T, exist that actively suppress antigen-specific
antitumor immunity in tumor bearing patients.”’ In CRC,
increased frequency of FOXP3™ T, is found in peripheral
blood,"* in mesenteric lymph nodes,”® as well as intratumor-
ally.?®?' Loddenkemper et al. analyzed a series of 40 CRC
patients and found a significantly higher infiltration of
FOXP3* Tyeg in tumors of patients with limited disease than
in tumors of patients with metastatic CRC.*® Surprisingly, no
association was found between total T, infiltration and
patient survival neither with nor without stage correction.
However, increased T frequency has been found to be asso-
ciated with improved prognosis in lymphoma patients.'”*>

We used the transcription factor forkhead box P3
(FOXP3) to identify tumor-infiltrating T\.; which is an intra-
cellular key control molecule for T,., development and func-
tion and considered to represent the most specific Tyy cell
marker so far.°® Previous publications showed that the vast

Figure 2. Survival time differences between low and high Foxp3
majority of T cells stained with the monoclonal antibody

236A/E7, which was also used in our study, were
CD4"CD25" Treg.33_35 We determined the cut-off score for
the number of positive FOXP3 T, within the TIL popula-
tion by ROC curve analysis. This method was used to select

expression in mismatch repair (MMR)-proficient colorectal cancers
in (a) Test Group 1 and (b) Test Group 2 and in MMR-deficient ()
colorectal cancers.
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the most clinically relevant cut-off score for positive FOXP3
expression which maximizes the correct number of patients
who have died of CRC or are still alive.

In our previous publication on the same TMA we have
shown that the significantly higher density of TILs in MMR-
deficient versus MMR-proficient tumors correlates with a sig-
nificantly better survival in MMR-deficient CRC patients.
This was especially the case for the intraepithelial CD8 T cell
count.’® Our original hypothesis stated that a high frequency
of tumor-infiltrating FOXP3™ T, correlates with a poor
prognosis for survival in CRC patients. Surprisingly, we
found that high frequency of tumor-infiltrating FOXP3™" Treg
correlates with considerable improved patient survival in
MMR-proficient, but not MMR-deficient patients in univari-
ate analysis. This effect was maintained following adjustment
for multiple comparisons carried out to compensate for the
exploratory nature of this analysis. In addition, multivariable
analysis again highlighted the independent prognostic effect
of FOXP3 expression in MMR-proficient CRC patients.

Our results are in line with a recently published study by
Salama et al. who observed an association between a high fre-
quency of tumor-infiltrating FOXP3™ T,., and improved sur-
vival in CRC patients.'® In contrast to the previous data of
Michel et al, we found a significant higher amount of
FOXP3" tumor-infiltrating Ty, in MMR-proficient CRC
samples.”” These results agree with a recently published study
investigating the prevalence of FOXP3 and Interleukin 17 (IL
17) in MMR-proficient carcinomas. Le Gouvello et al
observed a higher expression of FOXP3, IL 17, IL1f, IL6 and
transforming growth factor-B (TGF-B) in MMR-proficient
CRC?' In our study, high density FOXP3" T, was signifi-
cantly associated with early pT stage and location in both
MMR-proficient subgroups, whereas in MMR-deficient
tumors FOXP3 expression correlated with absence of lymph
node involvement and vascular invasion.

MMR-deficiency is associated with longer disease-free and
overall survival even in the case of deep local invasion of the
primary tumor.>*** Tumors of the MMR-deficient pheno-
type are less likely to metastasize than those characterized by
microsatellite stability. Furthermore, MMR-deficient tumors
are related to an abundant neoplastic tissue infiltration of

CD3" and CD8" T cells*™*" that could result in recognition
of frameshift-mutated neoantigens.**

The role of T,., may differ according to the clinical stage
and the genetic background of tumors (MMR-proficient vs.
MMR-deficient; low vs. high antigenicity, respectively). It has
been reported that the frequency of T, increases during tu-
mor progression and that depletion of T, promotes tumor-
specific immune responses which may be efficient to eradi-
cate established tumors.*>™* This may be the case for a ster-
ile microenvironment and high tumor antigenicity, but most
likely different for the gut. Considering this hypothesis and
our results, high density of tumor-infiltrating T,., seems to
have the strongest prognostic value in the MMR-proficient
CRC subgroup. The most important question concerning Treg
in solid tumors is whether these cells have a suppressive
capacity. Recent findings suggest that human FOXP3" T,
also possess an effector differentiation program resulting in
IL-17 production.*® Radhakrishnan et al. showed that these
reprogrammed Ty, downregulated FOXP3 expression,
secreted proinflammatory cytokines interferon-y (IFN-y), IL-
17 and tumor necrosis factor-o (TNF-o), and mounted
potent responses against self-antigens in vivo.*’” Surprisingly,
these IL-17-producing T, did not cause a generalized auto-
immunity, but rather a specific immune attack was fostered.
The micro-environment of MMR-proficient CRC is rich in
bacteria and cytokines and exerts a proinflammatory effect,
thus favoring T, differentiation into IL-17 antigen-specific
autoimmune effector cells. On the other hand, FOXP3™ Treg
could also be beneficial in some cancers by downregulating
an unresolved inflammatory response which could promote
tumor progression.”® However, the mechanisms leading to
the observed correlation between T, infiltration and prog-
nosis in MMR-proficent CRC and its clinical impact remain
unclear and warrant further investigation. Functional studies
of tumor-infiltrating FOXP3™ Tregs are needed to clarify their
role in antitumor response and to explain the relationship
between T, infiltration and prognosis.

In conclusion, our study shows that a high frequency of
tumor-infiltrating FOXP3™ T, is associated with early pT
stage and is an independent predictor of improved survival
in MMR-proficient CRCs.
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