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Abstract
Background & Aims—Regulatory T cells (Tregs) express the forkhead box transcription factor
(FoxP3) and suppress the anti-tumor immune response. We investigated whether the intratumoral
densities of FoxP3+ and effector CD3+ lymphocytes are associated with prognosis of patients with
colon cancer.

Methods—FoxP3 and CD3 expression and location were determined in stage II and III colon
carcinomas (n=160) and normal mucosa (n=25) by immunohistochemistry; CD4 and FoxP3 were
localized by dual immunofluorescence microscopy. T-cell markers were compared with patients’
pathological variables, DNA mismatch repair (MMR) status, and survival using Cox proportional
hazards models.

Results—FoxP3+ and CD3+ T-cell densities increased in carcinomas compared to autologous
normal mucosa (p< 0.0001). An increase in intraepithelial FoxP3+ cells was associated with poor
tumor differentiation (p=0.038) and female gender (p=0.028) and advanced age of patients (p=0.042).
FoxP3+ cell density was not prognostic, yet patients with tumors with reduced intraepithelial CD3
+ T-cell densities had reduced disease-free survival (DFS) times (hazard ratio [HR] 1.87 [1.10, 3.16];
p=0.018). A low intraepithelial CD3+:FoxP3+ cell ratio predicted reduced DFS (46.2% vs. 66.7%
survival at 5 years; HR 2.17 [1.11, 4.23]; p= 0.0205). The prognostic impact of these markers was
maintained when tumors were stratified by MMR status. By multivariate analysis, a low CD3+:FoxP3
+ cell ratio (p=0.0318) and low numbers of CD3+ T cells (p=0.0397) predicted shorter DFS times
and were stronger prognostic variables than tumor stage or number of lymph node metastases.

Conclusions—A low intraepithelial CD3+:FoxP3+ cell ratio and reduced numbers of CD3+ T
cells were associated with reduced patient survival time, indicating the importance of an effector to
Treg cell ratio in colon cancer prognosis.

Introduction
Colorectal cancer (CRC) ranks fourth in incidence and second in mortality among malignancies
within the United States1. Once solid tumors develop, tumor-associated antigens (TAAs) elicit
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a host-mediated immune response characterized by tumor infiltrating T lymphocytes (TILs).
The majority of TILs in human colon cancers are CD3+ T cells that mediate the adaptive
immune response. However, human cancers employ immune-evasion strategies that can cause
failure of tumor-directed immune rejection. Such strategies include the actions of regulatory
T cells (Treg) that contribute to cancer-related immunosuppression2–4. Treg trafficking and
expansion have been shown to prevent the induction of TAA-specific immunity2. Tregs
express the forkhead box nuclear transcription factor (FoxP3) that is required for their
development and function5–7. FoxP3 is a marker for Tregs and its expression can be detected
in tissues using immunohistochemistry. Prior studies using flow cytometry have identified and
defined Tregs as CD4+CD25+FoxP3+ T cells2. CD25 forms the high affinity IL-2 receptor
complex and is predominantly expressed by activated effector CD4+ T cells and by Tregs8.
Expression of FoxP3 is sufficient to confer suppressive activity on naive T cells6, 9, 10. Gain-
of-function, overexpression studies, and analysis of Scurfy (sf) mice deficient in FoxP3 have
shown that FoxP3 is essential for the development and maintenance of Tregs6, 11. Both mice
and humans lacking functional FoxP3 develop autoimmune diseases that can be prevented by
transfer of normal CD4+CD25+ T cells, thus indicating the crucial role of FoxP3 in the
regulation of Treg function and immune surveillance9. These experiments with adoptively
transferred human12 and mouse13 Tregs provide a direct link between Tregs and reduced tumor
immunity.

Tregs were found to be significantly increased in the peripheral blood of cancer patients
compared to healthy controls14. Furthermore, increased Tregs have been detected in varying
types of cancer supporting a role for Tregs in cancer-induced immunosuppression14–17. Tregs
found in the tumor microenvironment represent thymus-derived, naturally-occurring Tregs and
Tregs from conversion of CD4+CD25− T cells2. Studies indicate that depletion of intratumoral
Tregs can induce potent T cell tumor immunity resulting in the regression of large established
tumors in a murine model18. FoxP3+ Treg were associated with adverse outcome in human
ovarian12, 19, breast20, hepatocellular21, and gastric carcinomas15. However, conflicting data
exist in ovarian carcinoma22, and FoxP3+ TILs were not prognostic in renal cell
carcinomas23 nor in esophageal cancers24. It is currently unknown as to whether Tregs can
influence clinical outcome in human colon cancer patients. In a prior study in colon cancers,
we demonstrated the prognostic impact of TILs without defining T cell sub-populations or
Tregs within the peritumoral inflammatory infiltrate25. The role of TILs in cancer prognosis
is controversial and may reflect the inclusion or exclusion of stromal versus intraepithelial
lymphocytes among studies, as well as the lack of stratification of cases based upon DNA
mismatch repair (MMR) status in CRCs26–28. While the majority of CRCs develop via an
allelic loss pathway, approximately 10–15% show defective MMR29 that is associated with
increased immunogenicity as evidenced by a higher density of TILs compared to tumors with
intact MMR25, 26, 30. Furthermore, CRCs with defective MMR have a more favorable clinical
outcome compared to tumors with intact MMR in spite of being higher grade31, 32.

To gain an increased understanding of the role of Tregs in immune evasion and prognosis, we
analyzed the density and location of FoxP3+ and CD3+ TILs in human colon carcinomas.
Associations were sought with clinicopathological features including MMR status, and with
clinical outcome. Evaluation of Tregs and the level of immune activation in the immune
microenvironment in primary tumors may be of prognostic utility, and may assist in the
development or use of neoadjuvant or adjuvant treatment strategies, including immunotherapy.

Materials & Methods
Patient Specimens

Surgically resected, TNM stage II and III primary colon adenocarcinomas (n= 160) were
analyzed from patients who participated in 5-fluorouracil (5-FU)-based adjuvant
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chemotherapy trials conducted by Mayo Clinic and the North Central Cancer Treatment Group.
Available paraffin-embedded tumor blocks from a nonrandom subset of study participants were
utilized. Tumor histologic grade was categorized as grade 1: well differentiated; grade 2:
moderately differentiated; grade 3: poorly differentiated; grade 4: undifferentiated. Tumor site
was defined relative to the splenic flexure and those at the flexure were regarded as distal. The
study treatments were as follows: 5-FU and leucovorin + standard dose or high dose levamisole
(91-46-53), portal venous 5-FU versus observation (79-46-04), or 5-FU + levamisole versus
5-FU + levamisole + leucovorin (89-46-51)33, 34. Of the 160 patients in our study, 144 were
randomized to treatment arms and 16 received observation alone.

Immunohistochemical detection of FoxP3
Formalin-fixed tissues were deparaffinized and heat-induced epitope retrieval was performed
using a steamer. After blocking peroxidase activity, slides were incubated with an anti-FoxP3
mouse monoclonal antibody [FoxP3 Abcam (ab20034)], diluted 1:50 for 30 min., in an
Autostainer (DAKO, Carpenteria, CA). The secondary antibody system [Advance HRP
Polymer and Advance HRP Enzyme (DAKO)] was applied for 15 min. Color was developed
using the DAB chromagen followed by counterstaining in hematoxylin. For a negative control,
the primary antibody was omitted but all other steps were followed. Human tonsil was used as
a positive control.

CD3, CD8, and CD25 immunostaining
Antigen retrieval was performed using Target Retrieval Solution (DAKO). After blocking
peroxidase activity followed by a protein block, slides were incubated with a mouse
monoclonal anti-human CD3 antibody (clone F7.2.38; DAKO) at 1:100 for 30 min. After
rinsing, slides were incubated in Envision + HRP kit immunoglobulins for 30 min. For CD8
staining, the mouse monoclonal anti-human CD8 antibody (clone C8/144B, DAKO) was
utilized at 1:100 for 30 min, and the same procedures outlined above were utilized. For CD25,
slides were incubated in Sniper Background Reducer (Biocare Medical) for 5 min., and then
incubated with an anti-human CD25 antibody (R&D Systems) at 1:200 for 30 min. Incubation
in Mach 3 Mouse-HRP polymer kit (Biocare) was performed for 15 min. Color was developed
using DAB and then counterstaining with hematoxylin.

Immunofluorescence microscopy
Dual immunofluorescence of FoxP3 and CD4 was performed on paraffin sections using the
catalyzed signal amplification (CSA) system (DAKO; Denmark). CD4 staining was performed
first using a CSA kit (DAKO) and the anti-CD4 antibody (Novacastra, 1:1000 for 15 min).
Sections were then incubated with biotinylated anti-mouse IgG, rinsed, and a streptavidin-
biotin complex was added (15 min.) followed by incubation with biotinylated tyramide (15-
min). CD4 was visualized with Texas Red-avidin. Sections were pre-treated for 2 hrs. with
0.1M L-glycine and FoxP3 staining (Abcam, Inc, 1:500 for 15 min.) was performed using the
DAKO CSAII kit. Anti-mouse-IgG-HRP was added for 15 min. with rinsing in wash buffer
followed by a 15-min. incubation with FITC-tyramide.

Analysis and Quantification of FoxP3 and T Cell Markers
Tissue sections containing tumor were scanned at light microscopy (10X magnification) to
ascertain areas with high numbers of immunopositive FoxP3+ TILs. The number of FoxP3+

TILs per high power field (HPF) in these areas was then determined by counting 10 high-power
fields (5 tumor epithelium and 5 stromal areas) and then average values were calculated. CD8
and CD25 staining were analyzed and quantified in a tumor subset (n=26) using the same
criteria as for FoxP3. CD3 expression was analyzed in the same cases stained for FoxP3 that
were included in tissue microarrays that had been subsequently constructed. As performed for
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FoxP3+, areas of high CD3+ density were selected for quantification. There were 3 tumor cores
per case and the number of CD3+ lymphocytes was determined by counting 2 HPFs for each
core and then data for the 3 cores was averaged. All of the specimens were analyzed and T
cells counted by a pathologist (RLR) without knowledge of any clinical information. Prior to
scoring, a limited number of randomly selected cases were reviewed with a second
gastrointestinal pathologist to establish the scoring criteria for the immune markers.

DNA Mismatch Repair Status
The status of the DNA mismatch repair (MMR) system was determined as previously
described35. Tumors were classified into three groups: 1) microsatellite stable (MSS) with no
MSI at any of the loci examined, 2) low instability (MSI-L, <30% of the loci demonstrating
MSI), or 3) high instability (MSI-H, > or equal 30% of the loci demonstrating MSI35. In one
of the adjuvant studies, defective MMR was defined by instability at the mononucleotide BAT
26 locus coupled with absent expression of an MMR protein36, 37. For purposes of our
analysis, MMR-deficient cases included those with MSI-H and MMR-proficient included MSS
and MSI-L cases.

Statistical analysis
Biomarker expression was dichotomized for DFS and OS. Chi-square or Fisher’s exact tests
were used to test for an association between prognostic markers for categorical variables. The
Wilcoxon rank-sum test was used to test for an association between dichotomized markers and
continuous variables, and to test for differences in paired continuous data collected on the same
patients. OS (censored at 8 yr) was calculated as the number of years from randomization to
the date of death or last contact. DFS (censored at 5 yr) was calculated as the number of years
from randomization to the first of either disease recurrence or death. Distributions of OS and
DFS were estimated using Kaplan-Meier methodology. Univariate and multivariate Cox
proportional hazards models were used to explore the association of clinical and biomarker
expression with OS and DFS. Score and likelihood ratio test p-values were used to test the
significance of each covariate in the univariate and multivariate models, respectively.
Graphical and statistical methods were used to examine whether underlying model assumptions
were satisfied (e.g., proportional hazards). Statistical tests were two sided, with P ≤ 0.05
considered significant. Statistical analyses were performed using SAS software (SAS Institute,
Cary, NC).

Results
Study Population

TNM stage II and III [136 (85%)] primary colon adenocarcinomas (n= 160) were analyzed
from patients who participated in 5-fluorouracil (5-FU)-based adjuvant chemotherapy trials
(see Methods). After 5 years of follow-up, 70.6% of patients were alive and at 8 years, 60.6%
remained alive. Details of the study population are shown in Table 1.

FoxP3+ TILs in Human Colon Carcinomas
We analyzed Tregs, identified by FoxP3+ staining, and the adaptive immune marker CD3+ in
colon carcinomas (Figure 1). Further evidence that our FoxP3+ TILs were Tregs was shown
by performing dual staining for FoxP3 and CD4 in colon carcinomas using
immunofluorescence microscopy (Figure 1, inset). It has been demonstrated that
FoxP3+CD4+ cells are Tregs whereas FoxP3-negative CD4+ cells are largely T-helper
cells38. Coexpression of FoxP3+ and CD4+ are shown whereby the FoxP3 antigen localizes to
the nucleus and CD4+ shows a membranous staining pattern in the cytoplasm of T lymphocytes
(Figure 1, inset). FoxP3+ and CD3+ lymphocytes invading tumor epithelium or infiltrating the
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peritumoral stroma were quantified and categorized separately (Figure 1). The density of these
T cell markers in tumors was compared to histologically normal-appearing colonic mucosa
from the same patients (n= 25). We found that the number of intraepithelial FoxP3+

lymphocytes was increased in tumors versus normal epithelia [p <0.0001]. Similarly,
FoxP3+ T lymphocytes were increased in tumor stroma relative to normal lamina propria [p
<0.0001].

Within carcinomas, the density of FoxP3+ and CD3+ TILs was increased in the stroma
compared to the epithelia (p <0.0001 for both) [Figure 2, top]. We also examined the
CD3+:FoxP3+ ratio. This ratio enables a determination of the relative proportion of CD3+ cells
to Tregs and excluded the possibility that changes in frequency of FoxP3+ TILs reflect
nonspecific effects on total lymphocyte numbers. The CD3+:FoxP3+ ratio was higher in the
tumor epithelia relative to the stroma (p-value < 0.0001, Figure 2, top).

FoxP3+ TILs and Clinicopathological Variables
The density of intraepithelial FoxP3+ TILs was increased in poor/undifferentiated carcinomas
(p=0.038), in females (p=0.028), and in elderly patients, i.e., age 70 years or older versus
younger patients (p=0.042) [Table 2]. The intraepithelial CD3+ TIL density was higher in poor/
undifferentiated carcinomas (p=0.030), but was unrelated to other variables (Table 2). The
intraepithelial CD3+:FoxP3+ T cell ratio was unrelated to clinicopathological variables. In
tumor stroma, a higher density of FoxP3+ TILs was associated with fewer metastatic LNs
(p=0.044) [data not shown]. In addition, an increased stromal CD3+:FoxP3+ ratio was
associated with younger patient age at colon cancer resection (p=0.03).

In our patient population, 13 of 125 (10.4%) tumors analyzed showed defective DNA mismatch
repair (MMR) consistent with the frequency of this phenotype in sporadic colon cancers36,
39, 40 (Table 3). The density of intraepithelial (p=0.0530), but not stromal (p=0.512),
FoxP3+ TILs was increased in MMR-deficient versus proficient tumors (Figure 2 (bottom),
Table 3). Furthermore, we computed a FoxP3+ intraepithelial to stroma ratio that was found
to be significantly higher in MMR-deficient cases (Figure 2, bottom). There was a trend toward
a higher density of intraepithelial CD3+ TILs (p=0.0635) and an increased CD3+ epithelial to
stroma ratio in MMR-deficient versus proficient tumors (Table 3). The CD3+:FoxP3+ ratio did
not differ based upon MMR status [Table 3]. To gain further insight into the composition of
TILs within MMR-deficient tumors, we analyzed CD8+ and CD25+ T cells. CD8+ T cells exert
their cytolytic activity on tumor cells by releasing their granule components, notably granzyme
B and perforin41. While no differences in CD8+ T cell density were found, MMR-deficient
(vs. proficient) tumors showed a higher CD8+:FoxP3+ ratio in tumor stroma (p= 0.0513) [data
not shown]. CD25 is expressed on activated, effector T cells and is also expressed by Tregs
(CD4+CD25+FoxP3+). MMR-deficient tumors showed an increased density of intraepithelial
CD25+ T cells (p=0.0048) whereas a higher density of stromal CD25+ T cells was found in
MMR-proficient cases (p=0.0276) [Table 3]. These data indicate that MMR-deficient colon
cancers have increased numbers of activated, effector T cells infiltrating the tumor epithelium.

FoxP3+ TILs and Patient Survival
In a univariate analysis, the number of regional LN metastases was associated with significantly
shorter disease-free survival (DFS) and overall survival (OS) [Table 1]. Patient age was also
associated with worse OS for those 70 years or older [HR 1.75 (1.06, 2.88); p=0.0271]. The
density of intraepithelial and stromal FoxP3+ and CD3+ TILs were categorized by quartile
(25th percentile) and analyzed in relationship to patient survival rates. Neither the density of
intraepithelial (Figure 3A) nor stromal FoxP3+ TILs was significantly associated with clinical
outcome (Table 1). In contrast, low (versus higher) intraepithelial CD3+ TILs was associated
with worse DFS [5-year DFS: 51.1% vs. 68.1%; HR 1.87 (1.10, 3.16); p=0.018] (Table 1,
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Figure 3B). Stromal CD3+ TILs, however, were not prognostic (Table 1). To further assess the
contribution of FoxP3+ TILs, we analyzed the CD3+:FoxP3+ ratio and found that a low
intraepithelial CD3+/FoxP3+ ratio was associated with a worse DFS as compared to a higher
ratio [5-year DFS: 46.2% vs. 66.7%; HR 2.17 (1.11, 4.23); p=0.0205] (Table 1, Figure 3C).
With regard to OS, the intraepithelial CD3+:FoxP3+ ratio was of borderline statistical
significance [HR 1.76 (0.92, 3.37), p=0.0868)] likely due to the modest study sample size and
since only 101 FoxP3+ cases were included in this ratio.

In a multivariate analysis, a low intraepithelial CD3+:FoxP3+ ratio was independently
associated with a worse DFS (HR 2.21 (1.1 – 4.45), p= 0.0318; Table 4) after adjustment for
other covariates. Similarly, a low (vs. higher) density of intraepithelial CD3+ TILs was
independently associated with worse DFS (HR 1.80 (1.04–3.12), p=0.0397; Table 5). Similar
results were found when tumor stage (III vs II) was substituted for lymph node number in the
multivariate models [CD3+:FoxP3+; HR 2.12 (1.06, 4.23), p=0.0394], [CD3+; HR 1.87 (1.09–
3.21), p=0.0259]. Adjustment for MMR status in the multivariate models yielded similar hazard
ratios for the CD3+:FoxP3+ ratio and CD3+ TILs alone. Also, adjustment for adjuvant treatment
resulted in a similar prognostic impact for the CD3+:FoxP3+ ratio (p=0.027) and CD3+ TILs
(p=0.036). Importantly, when the CD3+:FoxP3+ ratio or CD3+ T cells were included in the
same multivariate model with the number of metastatic lymph nodes, only the CD3+:FoxP3+

ratio or CD3+ T cells was significant for DFS (Table 4). These results indicate that the
intraepithelial CD3+:FoxP3+ ratio and the intraepithelial CD3+ T cell density are stronger
prognostic variables than are the number of metastatic LNs or TNM stage.

Discussion
Tregs can suppress peripheral immune responses to tumor antigens, thus maintaining
immunological tolerance2, 9 and thereby, contribute to tumor progression/metastasis3, 12. We
analyzed the expression and density of FoxP3+ TILs as a specific marker of Tregs,5 and
CD3+ TILs as an adaptive immune marker in human colon cancers. We found that FoxP3+

TILs were significantly enriched in primary colon cancers compared to autologous normal
colonic mucosa. Similar to our results in tumor tissue, Tregs in the peripheral blood of CRCs
patients were shown to exceed levels found in healthy controls or from patients with
inflammatory bowel disease42, 43. In patients with hepatocellular carcinoma, the prevalence
of circulating FoxP3+ Tregs was increased in parallel with an accumulation of TILs in tumors,
and both were associated with disease progression21. In a univariate analysis, we observed that
neither the density of intraepithelial nor stromal FoxP3+ TILs was associated with clinical
outcome. However, we found that patient tumors with a low epithelial CD3+:FoxP3+ ratio had
a significantly worse DFS. Specifically, 46.2% of patients with a low CD3+:FoxP3+ ratio were
alive and recurrence-free at 5 years compared to 66.7% for patients with a higher ratio. We
also found that intraepithelial CD3+ TILs are associated with patient survival in that a lower
density of intraepithelial CD3+ TILs was associated with significantly reduced DFS compared
to higher CD3+ counts. The prognostic impact of CD3+ T cells underscores the importance of
adaptive immunity in colon cancer prognosis28. The risk of recurrence or death, as indicated
by the hazard ratios, for the CD3+:FoxP3+ ratio exceeded that of CD3+ alone in both univariate
and multivariate analyses, indicating the influence of FoxP3+ TILs. The lack of prognostic
impact for FoxP3+ T cells alone was similarly found in renal cell carcinomas23 and in
esophageal squamous cell carcinomas;19, 24, although increased infiltrating FoxP3+ Treg have
been associated with adverse outcome in certain human epithelial carcinomas12, 14, 15, 20, 21.
The absence of a significant association of Tregs and prognosis in colon cancers may be related
to the lack of functional assessment of Tregs in that the regulatory effect of Tregs are believed
to be mainly cytokine mediated, and that FoxP3 may not universally be linked to a regulatory
or suppressor phenotype in T cells23. In a multivariate analysis, we found that a low
CD3+:FoxP3+ ratio as well as a lower density of intraepithelial CD3+ TILs were independent
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predictors of worse DFS compared to tumors with higher ratios or higher CD3+ counts.
Moreover, both the CD3+:FoxP3+ ratio and CD3+ TILs were stronger prognostic variables
than were TNM stage or number of metastatic LNs that are established prognostic variables in
this malignancy44. This result is especially striking given the relatively modest study sample
size, and suggests that the effector T cell to Treg ratio appears to be a more important variable
than are Tregs alone. Since metastasis is the main event resulting in cancer-related death, our
data suggest that intraepithelial CD3+ T cells and their ratio to FoxP3+ Tregs can influence
tumor micrometastasis. Our findings are consistent with data in early stage non small cell lung
cancer patients where a low CD3+:FoxP3+ ratio was significantly associated with adverse
outcome45. Furthermore, a lower CD8+:FoxP3+ ratio was associated with adverse outcome in
patients with ovarian22 and hepatocellular carcinomas46. Studies in human hepatocellular
carcinoma21 and in lymphoma found that Treg cell numbers were inversely correlated with the
number of cytolytic CD8+ effector T cells47. Experimental data support the clinical
observations in that the ratio of Tregs to effector T cells, and not simply the presence or absence
of Tregs, was the critical determinant of tumor growth in a murine sarcoma model14.
Additionally, an increase in the intratumoral ratio of effector to Treg cells in poorly
immunogenic murine melanomas overcame Treg-mediated suppression and tipped the balance
toward tumor rejection48. These findings have therapeutic implications in that stimulation of
tumor-specific effector T cells with or without Treg depletion may be a promising
immunotherapeutic strategy for colon cancer. Evidence indicates that FoxP3+ Tregs in human
colon cancers can inhibit tumor associated antigen-specific immune responses and that these
effects can be reversed by depletion of Tregs from peripheral blood mononuclear cells42. Since
the majority of patients in our study population received adjuvant chemotherapy and we have
a limited sample size, we are unable to determine the predictive utility of our T cell markers
for 5-FU-based therapy. However, the prognostic impact of the CD3+:FoxP3+ ratio and
CD3+ T cell density were maintained after adjustment for patient treatment status.
Chemotherapy has been shown to alter T cell subsets in the peripheral blood of cancer
patients49 and the impact of such changes upon patient outcome will require further study.

We analyzed FoxP3+ and CD3+ T cells invading both the epithelia or stromal as their
localization may potentially explain conflicting data for FoxP3+ TILs in the prognosis of
epithelial cancers. We found a significantly higher density of FoxP3+ Tregs and CD3+ T cells
in the tumor stroma compared with the epithelial compartment, yet the CD3:FoxP3 ratio in the
epithelium exceeded that in the stroma. In a large series of CRCs, the expression level of
adaptive immune markers were shown to confer prognostic information yet epithelial versus
stromal localization was not distinguished28. Earlier observations indicated that the prognostic
impact of T lymphocyte infiltration, including CD8+, was mainly related to the number of
intraepithelial lymphocytes in CRCs22, 50, 51. In our study, the prognostic impact of the
CD3+:FoxP3+ ratio and CD3+ T cells was limited to intraepithelial but not stromal infiltration,
suggesting that T cells they may have distinct roles depending upon their localization. Studies
in human ovarian carcinomas have shown that intraepithelial T cell expression of FoxP3,+12

CD3+52, and the CD8+/FoxP3+22 ratio were prognostic. While the explanation for the
differential prognostic impact of epithelial versus stromal T cell markers is unknown, relevant
factors include the following. Intraepithelial TILs are in direct contact with tumor cells and
differ phenotypically and functionally from stromal lymphocytes and those in peripheral
blood27, 53–55. In human CRCs, TILs in contact with tumor cells were shown to have a higher
frequency of proliferation compared to stromal T cells that was observed for both CD4+ and
CD8+ T cell subsets50, 56. Furthermore, FoxP3+ T cells have been shown to suppress the
proliferation of other T cells that may occur by cell-to-cell contact21, in addition to cytokine-
mediated regulatory effects. In this regard, interferon-γ and interleukin-2, which T cells release
when activated by antigens, were readily detected in human ovarian cancers with intraepithelial
T cells indicating their activation57. Most inflammatory cells, however, reside in the tumor
stroma where they do not have direct contact with tumor cells in the tumor epithelium. The
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increased density of stromal TILs relative to epithelial FoxP3+ T cells may allow for the gradual
development of immunological tolerance towards these tumors that may contribute to the lack
of prognostic significance of stromal FoxP3+ or CD3+ T lymphocytes58. Interestingly, Tregs
are capable of triggering high levels of functional IDO (indoleamine 2,3 dioxygenase)
expression in antigen presenting cells (APC) that can anergize T cells, and high IDO expression
in CRCs was associated with significant reductions of CD3+ TILs and poor patient
survival59. Further studies are needed to identify the phenotype and function of Tregs and other
T cell subsets in the epithelial and stromal compartments of human CRCs.

MMR deficient (vs. proficient) CRCs show an enhanced immunogenicity with increased
intraepithelial lymphocytes that may contribute to their favorable clinical outcome25, 26, 30–
32, 60. Studies indicate that MMR-deficient tumors can generate novel tumor-specific carboxy-
terminal frameshift peptides that are recognized by tumor-infiltrating T cells61. In this study,
the prognostic impact of CD3+ T cells and the CD3+:FoxP3+ ratio was maintained in the full
study cohort after stratifying by tumor MMR status. We found that intraepithelial to stromal
ratios for FoxP3+ and CD3+ T cells were increased in MMR-deficient vs. -proficient colon
cancers, yet the CD3+:FoxP3+ ratios was similar in both groups. Intraepithelial CD8+ T cells
were not significantly increased in MMR-deficient cases26. However, our sample size was
limited. We found that the stromal CD8+:FoxP3+ ratio was higher in MMR-deficient vs–
proficient tumors indicating an elevated effector T cell to Treg ratio. Interestingly,
intraepithelial CD25+ T cells were increased in MMR-deficient tumors, whereas stromal
CD25+ T cells were higher in MMR-proficient cases. This pattern was not seen for FoxP3+

Tregs, suggesting that these CD25+ effector T lymphocytes may undergo expansion and
activation within the epithelia of MMR-deficient tumors. In this regard, evidence indicates that
intraepithelial lymphocytes within MMR deficient tumors result from an expansion of the
mucosal intraepithelial lymphocyte population rather than being peripherally derived62.
Studies are needed to further characterize T cell subgroups and their functional properties based
upon MMR status in a larger number of CRCs.

In summary, a low CD3+:FoxP3+ ratio and a reduced density of intraepithelial CD3+ T cells
were independently associated with poorer DFS in colon cancer patients. These variables were
stronger predictors of DFS than were tumor stage or number of metastatic lymph nodes, thus
indicating their potential clinical utility. While these results await validation in an independent
dataset, they suggest the importance of the ratio of effector T cells to Tregs in prognosis and
underscore the importance of the immune microenvironment in the clinical behavior of human
colon cancers.
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Figure 1.
Top, FoxP3+ T lymphocytes (brown color) are seen in peritumoral stroma and infiltrating
epithelial cells of a sporadic colon carcinoma using immunohistochemistry (400X). Inset, Dual
staining for FoxP3+ (nuclear) and CD4+ (cytoplasm) are seen in colon carcinoma cells using
immunofluorescence microscopy. Bottom, Epithelial and stromal CD3+ T lymphocytes are
shown in a colon carcinoma at light microscopy (400X).
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Figure 2.
Top, density of intraepithelial versus stromal FoxP3+ (A), CD3+ (B), or the CD3+:FoxP3+ T
lymphocyte ratio (C) in TNM stages II and III colon carcinomas. Bottom, comparison of the
density of FoxP3+ T lymphocytes infiltrating tumor epithelia (A), stroma (B), and the epithelial
to stromal ratio in DNA mismatch repair (MMR)-deficient versus –proficient colon
carcinomas. Box plots show median values, interquartile ranges, and extreme values (error
bars).
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Figure 3.
Association of intraepithelial FoxP3+ (A), CD3+ (B) TILs or the CD3+:FoxP3+ ratio (C) with
disease-free survival (DFS) in patients with TNM stage II and III colon carcinomas. Data are
dichotomized by quartiles into high (> 1st quartile) and low (≤ 1st quartile) groups as shown.
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Table 3

T Lymphocyte Marker Localization and DNA Mismatch Repair (MMR) Status.

Intraepithelial Stromal Intraepithelial/Stromal

FoxP3+

MMR – Deficient (n=13) 1.4 21.0 0.15

MMR – Proficient (n=112) 1.0 19.8 0.031

P-value2 0.053 0.512 0.012

CD3+

MMR – Deficient (n=13) 16.0 39.0 0.44

MMR – Proficient (n=112) 6.0 34.5 0.16

P-value2 0.064 0.903 0.069

CD3+/FoxP3+ ratio

MMR – Deficient (n=10) 5.1 1.93 3.0

MMR – Proficient (n=68) 5.0 1.83 3.8

P-value2 0.545 0.740 0.714

CD8+

MMR – Deficient (n=13) 29.2 72.4 0.43

MMR – Proficient (n=13) 7.6 77.2 0.11

P-value2 0.281 0.538 0.383

CD25+

MMR – Deficient (n=12) 10.7 26.0 0.38

MMR – Proficient (n=13) 2.0 44.8 0.05

P-value2 0.005 0.028 0.0001

Median values of a calcuated index are shown (see Methods).

1
Wilcoxon Rank-Sum test.

2
3 cases excluded due to 0 values in the denominators.

3
13 MMR-deficient, 109 MMR-proficient.
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Table 4

Multivariate Analysis of Intraepithelial CD3+:FoxP3+ Ratio and Disease-Free Survival.

Variable (N=101) Hazard Ratio (95% CI)1 P-value1

CD3+/FoxP3+ TILs (≤ Quartile 1 vs. > Q1) 2.21 (1.10, 4.45) 0.0318

Histologic Grade (3, 4 vs. 1,2)2 1.14 (0.57, 2.24) 0.7151

Lymph Nodes

  1–3 vs. 0 0.86 (0.31, 2.39) 0.5473

  > 3 vs. 0 1.33 (0.46, 3.79)

Age (≥ 70 vs. < 70) 1.21 (0.63, 2.34) 0.5700

1
see Methods. Results were also stratified by adjuvant study.

2
1,2 (well/moderate); 3,4 (poor/undifferentiated)
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Table 5

Multivariate Analysis of Intraepithelial CD3+ Density and Disease-Free Survival.

Variable (N=160) Hazard Ratio (95% CI)1 P-value1

CD3+ TILs (≤ Quartile 1 vs. > Q1) 1.80 (1.04, 3.12) 0.0397

Histologic Grade (3, 4 vs. 1,2)2 0.99 (0.56, 1.74) 0.9410

Lymph Nodes

  (1–3 vs. 0) 1.29 (0.53, 3.14) 0.0862

  (> 3 vs. 0) 2.26 (0.91, 5.63)

Age (≥ 70 vs. < 70) 1.27 (0.74, 2.16) 0.3928

1
see Methods. Results were also stratified by adjuvant study.

2
1,2 (well/moderate); 3,4 (poor/undifferentiated)
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