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Abstract

The role of the innate immune response in colorectal cancer is understudied. We examined the 

survival of colorectal cancer patients in relation to eosinophils, innate immune cells, infiltrating 

the tumor. Tissue microarrays were constructed from paraffin-embedded tumor tissues collected 

between 1986–2002 from 441 post-menopausal women diagnosed with colorectal cancer in the 

Iowa Women’s Health Study. Tissue microarrays were stained with an eosinophil peroxidase 

antibody. Eosinophils in epithelial and stromal tissues within the tumor (called epithelial and 

stromal eosinophils, hereafter) were counted and scored into 3 and 4 categories, respectively. In 
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addition, the degree of eosinophil degranulation (across epithelial and stromal tissues combined) 

was quantified and similarly categorized. We used Cox regression to estimate the hazard ratios and 

95% confidence interval for all-cause and colorectal cancer death during five-year follow-up after 

diagnosis and during follow-up through 2011 (“total follow-up”). The hazard ratios associated 

with eosinophil scores were adjusted for age of diagnosis, SEER stage, tumor grade, body mass, 

and smoking history. High tumor stromal eosinophil score was inversely correlated with age and 

stage, and was associated with a decreased risk for all-cause and colorectal cancer death: hazard 

ratios (95% confidence intervals) were 0.61 (0.36–1.02; P-trend =0.02) and 0.48 (0.24–0.93; P-

trend =0.01), respectively, during the five-year follow-up for the highest versus lowest category. 

The inverse associations also existed for total follow-up for all-cause and colorectal cancer death 

for the highest versus lowest stromal eosinophil score: hazard ratios (95% confidence intervals) 

were 0.72 (0.48–1.08; P-trend =0.04) and 0.61 (0.34–1.12; P-trend =0.04), respectively. Further 

adjustment for treatment, comorbidities, additional lifestyle factors, tumor location or molecular 

markers did not markedly change the associations, while adjustment for cytotoxic T-cells slightly 

attenuated all associations. The infiltration of tumors with eosinophils, especially in stromal tissue, 

may be an important prognostic factor in colorectal cancer.

INTRODUCTION

Colorectal cancer is a leading cause of cancer death worldwide. Currently, stage is a 

reference standard for colorectal cancer prognosis, but methods to increase predictive value 

for survival of colorectal cancer patients are needed.(1) Given that colorectal tumors may be 

recognized by the immune system and that colorectal cancer development and progression 

may be inhibited by immune response, tumor-infiltrating immune cells hold promise as 

novel prognostic biomarkers.(1–5) Most previous studies have focused on the adaptive 

immune response, in particular the infiltration of T-cells in colorectal tumors,(3, 5) although 

tissue-infiltrating innate immune cells may be essential for colorectal tumor control.(2, 4, 6) 

This prompted us to examine the role of innate immune cells – namely, eosinophils that are 

present in gastrointestinal epithelium of both healthy people and those diagnosed with 

colorectal cancer.

Eosinophils are multifunctional white blood cells that develop in bone marrow from myeloid 

progenitors. Once activated, eosinophils migrate into the blood stream and subsequently into 

tissues of the gastrointestinal tract and uterus (reviewed in (7–10)). Blood eosinophil counts 

are typically elevated in parasitic infection, allergy, and malignant disorders.(8, 10)

A distinct feature of eosinophils is that they contain large granules, which store a variety of 

preformed cytokines/chemokines and four cationic proteins: eosinophil cationic protein, 

eosinophil peroxidase, eosinophil-derived neurotoxin, and major basic protein, all known to 

be cytotoxic (Fig. 1). Under activation, the granules can rapidly release their cytotoxic 

contents, which in turn may induce tissue remodeling and direct killing of tumor cells.(10–
12) Eosinophils may also affect carcinogenesis via modulating immune response.(6, 8, 10) 

A recent murine study reported that eosinophils improve vascularization and enhance the 

infiltration of cytotoxic T-cells, resulting in tumor rejection, which supports the 

immunomodulatory function of eosinophils.(13)
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The role of tumor-infiltrating eosinophils in cancer progression and survival has been 

examined in the studies of different cancers and differed by cancer type (reviewed in (14, 
15)). Eosinophil accumulation was associated with poorer prognosis in cervical cancer(16) 

and Hodgkin’s lymphoma,(17) and better prognosis of head and neck, bladder, gastric 

cancer, and esophageal carcinoma,(14, 15, 18, 19) while the eosinophil role in oral cancer 

was inconsistent across studies.(20) Colorectal cancer provides the most consistent evidence 

for a beneficial role of eosinophils in cancer prognosis, despite the small size of most 

conducted studies and difference in their designs and statistical methods (Supplementary 

Table 1).(21–27) Among seven studies that examined eosinophils in colorectal cancer 

patients, six studies suggested that eosinophils protect against colorectal cancer progression,

(21–27) but they did not calculate the risk of cancer death or recurrence in spite of their 

importance to the colorectal cancer patients’ prognosis. A recent well-conducted study of 

colorectal cancer patients by Harbaum et al [2015] found an improved progression-free and 

cancer-specific survival associated with peritumoral eosinophils, i.e., those located in the 

stroma at the invasive tumor margin.(28) A critical question is whether or not eosinophils are 

a novel independent prognostic factor that should be routinely measured in colorectal cancer 

patients.

Therefore, before eosinophils are considered for therapeutic purposes, it is necessary to 

address the following issues essential to understanding the eosinophil-related survival of 

colorectal cancer patients that were not examined in previous studies: 1) the influence of 

eosinophil degranulation on colorectal cancer progression, since the eosinophil-specific 

proteins with cytotoxic properties are produced during degranulation; 2) potentially different 

roles of eosinophil infiltration into the epithelium and stroma within the colorectal tumor; 

and 3) the effect of lifestyle factors (smoking, obesity, alcohol, physical activity), molecular 

characteristics, and immune cytotoxic T-cells (also called CD8+) on the association between 

tumor-infiltrating eosinophils and survival.

We hypothesized that eosinophil accumulation in stroma and epithelium along with 

eosinophil degranulation are associated with better survival of colorectal cancer patients. We 

investigated this hypothesis in paraffin-embedded tissues from post-menopausal women 

diagnosed with colorectal cancer in the Iowa Women’s Health Study. Our study is novel, 

because we immunostained tumor tissues with a specific, previously validated antibody(29–
31) that is able to discriminate between eosinophil peroxidase stored in intact eosinophils 

and proteins secreted from degranulated eosinophils, while the previous studies used 

conventional haematoxylin and eosin or Giemsa staining.

MATERIALS AND METHODS

Approvals for the current study were obtained from the Institutional Review Boards for 

Human Research at University of Minnesota, Mayo Clinic Rochester, and the University of 

Iowa.

The Iowa Women’s Health Study design

Details of the Iowa Women’s Health Study have been previously published.(32, 33) In 1986, 

a questionnaire was mailed to 98,030 women ages 55 to 69 years; 41,836 completed the 
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questionnaire and constituted the cohort that was followed up to 2011. The follow-up of this 

cohort is nearly complete: the annual migration rate from Iowa is <1%.(32) Five follow-up 

surveys were sent in 1987, 1989, 1992, 1997, and 2004 to update vital status, residence, and 

exposure information (response rates were 91, 90, 83, 79, and 69%, respectively).

Incident colorectal cancer cases were ascertained through annual linkage to the State Health 

Registry of Iowa, part of the Surveillance, Epidemiology, and End Results (SEER). 

Colorectal cancer subsites were categorized as proximal colon (the cecum, ascending colon, 

hepatic flexure, transverse colon, and splenic flexure; International Classification of 

Diseases for Oncology (ICD-O-3) codes 18.0, 18.2–18.5) and distal colon or rectal cancers 

(descending colon, sigmoid colon, sigmoid colon, rectosigmoid junction and rectum; ICD-

O-3 codes 18.6, 18.7, 19.9, 20.9). The registry also provided information on the extent of 

cancer at diagnosis, grade, and first course of treatment (surgery, radiation, chemotherapy).

Participants' deaths in Iowa were ascertained through the State Health Registry of Iowa 

through 2011. Deaths among non-respondents and emigrants from Iowa were found through 

the National Death Index resulting in 99% ascertainment of deaths in the Iowa Women’s 

Health Study.(32) Colorectal cancer deaths were assessed using codes for underlying cause 

of death from colorectal cancer (ICD9: 153.0–154.1, 159.0; ICD10: C18–C20, C26.0).

Tissue Selection and Processing

Archived, paraffin-embedded tissue specimens were requested from incident colorectal 

cancer cases diagnosed through December 31, 2002. In total, tissue specimens were 

retrieved from 732/1255 (58%) cases, which is similar to colorectal cancer tissue retrieval 

rates recently reported from the Health Professionals Follow-up Study (51%)(34) and the 

Nurses’ Health Study (58%).(35) Paraffin blocks were serially sectioned onto 5 or 10 µm 

slides. The last slide was stained with haematoxylin and eosin, so that areas of neoplastic 

tissue (defined as >50% dysplastic cells) could be identified. From these marked slides, 

three tumor cores (unstained) were taken from each pathology tissue block and placed into a 

tissue microarray block along with liver controls. The tissue microarrays was produced by 

the Mayo Clinic Pathology Research Core lab (Rochester) using the Beecher ATA-27 

automated array. From the tissue microarray, 5 µm slides were cut for hematoxylin and eosin 

and immunohistochemistry staining of eosinophils.

Characterization of eosinophils and cytotoxic T-cells

Immunohistochemistry for eosinophil peroxidase and CD8 was performed by the Pathology 

Research Core at the Mayo Clinic (Rochester) using the Leica Bond III Stainer. Briefly, 

slides were dewaxed and retrieved for 20 minutes using the following reagents: Bond Dewax 

(Leica, Buffalo, IL) and Epitope Retrieval 2 (EDTA) for eosinophil peroxidase or Epitope 

Retrieval 1 (citrate) for CD8. The tissue slides were retrieved for 10 minutes (CD8) or 20 

minutes (eosinophil peroxidase). The primary monoclonal eosinophil peroxidase antibody 

(clone 144B, homebrew from Dr. James Lee, Mayo Clinic, Arizona) was applied at 1:750 

dilution in Background Reducing Diluent (Leica). The CD8 antibody (Clone 144B; Dako) 

was diluted in Bond Diluent (Leica) and used at 1:200. Both antibodies were incubated for 

15 minutes.
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An experienced gastrointestinal pathologist (T.S.) reviewed each tissue core. Eosinophils 

and cytotoxic T-cells were semi-quantified in two tumor areas – epithelium and stroma. 

Using a scoring algorithm developed by Protheroe et al,(30) three sets of eosinophil scores 

were created: mean and maximum epithelial eosinophil score, stromal eosinophil score and 

degranulation score. The last score was based on eosinophil peroxidase secretion in the 

tumor epithelium and stroma areas combined. Mean and maximum scores were associated in 

a similar fashion with clinicopathological characteristics and survival; therefore, only mean 

score was used in all the analyses. The scores for eosinophils in stroma and epithelium and 

complete degranulation ranged from 1 to 4: 1 – non-detected; 2 – mild (1–5 eosinophils. per 

0.28 mm2); 3 – moderate (6–10 eosinophils per 0.28 mm2); 4 – strong infiltration (≥10 

eosinophils per 0.28 mm2), or complete degranulation (Fig. 2). The same pathologist created 

the following categories for cytotoxic T-cells in epithelium and stroma: 1 – non-detected; 2 – 

mild (1–10 cells per 0.28 mm2); 3 – moderate (11–29 cells per 0.28 mm2); 4 – strong 

infiltration (≥30 cells per 0.28 mm2). The different cut-points for cytotoxic T-cells versus 

eosinophils reflect the fact that there were more cytotoxic T-cells than eosinophils in most 

cores. Necrotic areas were not counted. Another characteristic of host response –Crohn's-

like lymphoid aggregates around colorectal tumor cells – have been quantified in a recent 

study by Graham et al.(36)

The data on molecular pathways for these colorectal tumors, including molecular subtypes, 

have been previously described.(37) Tumors were characterized as microsatellite stable 

(MSS), MSI high or MSI low; CpG island methylator phenotype (CIMP) high or CIMP low; 

and positive or negative for BRAF and/or KRAS mutations. Based on these mutations, 

integrated pathways were assigned: traditional (MSS, CIMP negative, BRAF mutation 

negative, and KRAS mutation negative), alternate (MSS, CIMP low, BRAF mutation 

negative, and KRAS mutation positive), serrated (any MSI, CIMP high, BRAF mutation 

positive, and KRAS mutation negative), or unassigned.

Statistical methods

Subject-specific summary epithelial eosinophil, stromal eosinophil and degranulation scores 

were calculated by averaging the scores from the multiple tumor cores per subject. For all 

analyses, these summary scores were then categorized, so that each category included more 

than 15 colorectal cancer deaths. As a result, 3 categories were created for the epithelial 

eosinophil (1, >1–<2, and ≥2) and degranulation scores (1, >1–1.5, and >1.5), and 4 

categories for the stromal eosinophil score (1, >1–2, >2–3, and >3). A chi-squared test was 

used to test for differences in eosinophil scores across demographic, lifestyle and 

clinicopathologic characteristics of women diagnosed with colorectal cancer. To compare 

five-year all-cause and colorectal cancer survival across eosinophil categories, we used 

Kaplan–Meier plots and log-rank tests. We utilized Cox proportional hazards regression to 

estimate hazard ratios for all-cause and colorectal cancer death and 95% confidence intervals 

during the five-year follow-up after diagnosis. In the analyses of all-cause and colorectal 

cancer death, participants who died or survived five years were censored. Additionally, in 

the analysis of colorectal cancer death, participants who died from other causes were 

censored. We tested the proportional hazards assumption quantitatively by adding an 

interaction term between follow-up time and each eosinophil score and qualitatively, and the 
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assumption not violated for any eosinophil score. The tests for trend were created for each 

score by numbering the categories from lowest to highest and fitting a linear term in the Cox 

regression model.

We created the following three models. Model 1 was adjusted for age at diagnosis. Model 2 

was a multivariable-adjusted model that also included SEER stage (in situ or local, regional, 

or distant), tumor grade (well, moderately, poorly differentiated, lymphomas/not stated), 

body mass index before colorectal cancer diagnosis (continuous), and smoking history 

(current, former, or never). The covariates in Model 2 were chosen a priori; we included 

variables that were associated with all-cause or colorectal cancer survival or with eosinophil 

levels in previous studies in the Iowa Women’s Health Study. Further adjustment for first 

course treatment (yes, no or missing for each of surgery, radiation, chemotherapy), 

integrated pathways of colorectal carcinogenesis (traditional, serrated, alternate and other), 

colorectal cancer anatomic subsite (colon proximal, colon distal or rectal cancer; the latter 

two were studied together), alcohol use, physical activity, history of diabetes, hypertension 

or heart disease did not markedly change the associations, and those variables were not 

included in the final model. Model 3 was created by adjusting Model 2 for cytotoxic T-cells 

as follows: the model with epithelial eosinophil score was adjusted for epithelial cytotoxic T-

cells score and the model with stromal eosinophil score, for stromal cytotoxic T-cells score.

Further, we conducted several additional analyses. We studied the association between 

eosinophil score and non- colorectal cancer mortality. Since AJCC-TNM stage is most 

commonly used in clinical practice, we also (1) examined the association between AJCC-

TNM stage and eosinophil score and (2) stratified the observed associations by AJCC-TNM 

stage. Of note, we used the algorithm previously created for deriving AJCC-TNM stage in 

colorectal tumors in the Iowa Women’s Health Study. It was based on the information 

provided by SEER: tumor extension and size, the number of lymph nodes examined, and the 

number of positive lymph nodes. In addition, we analyzed all-cause and colorectal cancer 

survival in relation to the combined eosinophil score created as a sum of ordinal epithelial 

and stromal scores, which was further categorized into 4 groups (≤2.5, >2.5–3, >3–4, >4). 

Also, we repeated all analyses for the follow-up until 2011 (“total follow-up”). To test for a 

potential selection bias, we conducted a sensitivity analysis by creating an additional 

category for those subjects missing eosinophil data and re-ran the Cox regression models for 

each eosinophil score. All analyses were carried out with the SAS (release 9.3) and all 

statistical tests were 2-sided.

RESULTS

After excluding any cancer before colorectal cancer diagnosis (n=146) and the participants 

with less than one day of follow-up time (n=6), our analytical cohort included 580 women 

diagnosed with colorectal cancer. Among them, 441 colorectal cancer cases had high-

quality, usable cores and were included in the analyses.

Colorectal cancer cases were 56–89 years at diagnosis (mean was 73 years); 32.4% had in 

situ or localized disease (among them, there were 3 in situ cases (0.5%)), 41.0% had 

regional spread, 13.2% had distant spread, and 13.4% had an unspecified stage of disease. 
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During the five-year follow-up after diagnosis, 121 women died from colorectal cancer as an 

underlying cause (27%), 51 (12%) died from other causes, and 269 women were alive 

(61%), whereas during the total follow-up (median=8.7 years, max=25 years), 138 women 

died from colorectal cancer (31%), 161 (37%) died from other causes, and 142 (32%) were 

alive in 2011.

The three eosinophil scores were interrelated (Spearman correlation coefficients ρ=0.46–

0.56); while the correlation between stromal eosinophil and cytotoxic T-cells scores was 

ρ=0.29, and between epithelial eosinophil and cytotoxic T-cells scores, ρ=0.23. The 

distribution of participants' characteristics across categories of stromal and epithelial 

eosinophil scores are shown in Table 1, and the data for degranulation score are presented in 

Supplementary Table 2. Older patients (≥72 years at diagnosis) and those with lower 

cytotoxic T-cells score were more likely to have lower eosinophil scores and weaker 

degranulation. Patients with higher stromal eosinophil score tended to have lower SEER 

stage and were less likely to have proximal colon cancer, while the epithelial eosinophil 

score was positively associated with hypertension (Table 1). An inverse association was also 

observed between stromal eosinophil score and AJCC-TNM stage (P for chi-square 

test=0.04). There was no association between Crohn's-like lymphoid aggregates and any 

eosinophil score.

We tested the hypothesis that eosinophil score was associated with patient survival 

comparing the highest versus lowest eosinophil score categories (Fig. 3). In a univariable 

analysis, all-cause and colorectal cancer five-year survival was significantly better for 

colorectal cancer patients with the highest vs lowest stromal eosinophil scores (log-rank P 
=0.0006 and 0.001, respectively, in Fig. 3A, B). For epithelial eosinophil score, colorectal 

cancer patients with the highest score tended to have better all-cause and cancer-specific 

survival but the difference was not statistically significant (Fig. 3C, D). In a multivariable 

analysis, adding each of the confounders –age at diagnosis, BMI, smoking status, stage and 

grade at diagnosis – slightly attenuated the observed associations; the strongest attenuation 

was found for age and stage at diagnosis. In Model 2, the highest category of stromal 

eosinophils was associated with a 39% decrease in risk of all-cause five-year death (P-trend 

=0.02) and a 52% decrease in risk of colorectal cancer death (P-trend =0.01) compared to 

the lowest category (Table 2). After stratification by AJCC-TNM stage, the inverse 

associations were observed in Stages 2 and 3, but the association was not statistically 

significant for Stage 2, although the power was limited. To increase power, we combined 

colorectal cancer patients in Stages 2 and 3: hazard ratio was 0.30 (95% confidence interval: 

0.08–1.07, P-trend =0.01) for the highest versus lowest eosinophil score. The associations of 

stromal eosinophil score with all-cause and colorectal cancer death remained during the total 

follow-up: for the highest versus lowest category, hazard ratios (95% confidence intervals) 

were 0.72 (0.48–1.08, P-trend =0.04) and 0.61 (0.34–0.12, P-trend =0.04), respectively 

(Table 2). Of note, stromal eosinophil score was not associated with non- colorectal cancer 

death during 5-year or total follow-up.

Similarly, the highest category of epithelial eosinophils was associated with decreased all-

cause and colorectal cancer death during the 5-year and total follow-up periods, but did not 

reach statistical significance in multivariable models (Table 3). Considering the combined 

Prizment et al. Page 7

Mod Pathol. Author manuscript; available in PMC 2016 August 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



effect of epithelial and stromal eosinophils, there were inverse associations of the highest 

eosinophil with both all-cause and colorectal cancer five-year death (hazard ratios (95% 

confidence intervals) were 0.62 (0.41–0.93, P-trend =0.01) and 0.54 (0.32–0.90, P-trend 

=0.01), respectively, that mirrored associations for stromal eosinophil score (Supplementary 

Table 3).

The pattern of degranulation was not related to the survival of colorectal cancer patients 

(Supplementary Table 3). No interactions were observed between eosinophil scores and age, 

BMI, smoking, stage, grade, surgery, chemotherapy, radiation, or integrated pathway of 

colorectal carcinogenesis (all P-values were >0.18). The results of the analysis for stromal 

eosinophil score stratified by tumor location are presented in Supplementary Table 4. The 

hazard ratios were decreased in both groups: among women with proximal cancer and 

among those with distal colon or rectal cancer; however, only for those with distal colon or 

rectal cancer the trends were statistically significant for all-cause and colorectal cancer five-

year death P-trend =0.05 and P-trend =0.03, respectively).

After the adjustment for cytotoxic T-cells, the strength of associations for both eosinophil 

scores attenuated for all-cause and colorectal cancer death (Table 2). There was no 

interaction between any eosinophil score and cytotoxic T-cells score in relation to any death 

(all Pinteraction ≥0.45). Finally, there was no association between the category for missing 

eosinophils and all-cause or colorectal cancer survival, implying that the data were missing 

at random.

DISCUSSION

Among 441 older colorectal cancer patients in the Iowa Women’s Health Study, higher 

eosinophil score in the tumor stroma was associated with a statistically significant decreased 

risk of all-cause and colorectal cancer five-year death by 39% and 52%, respectively for the 

highest versus lowest category. The significant associations remained for both all-cause and 

colorectal cancer death during the total follow-up through 2011. Additionally, higher 

eosinophil score in the tumor stroma was inversely associated with SEER and AJCC-TNM 

stages at diagnosis, suggesting that stromal eosinophils may participate in inhibiting 

colorectal cancer progression.(27) Similar, but non-significant results were observed for 

elevated eosinophils in the tumor epithelium.

Our finding of an inverse correlation between eosinophil infiltration and stage in this large 

cohort is consistent with the findings from several smaller studies that assessed eosinophil 

accumulation across the colorectal cancer progression continuum (Supplementary Table 1).

(21–23, 27) Also consistent with our results, several studies reported better survival of 

colorectal cancer patients with eosinophil accumulation in the tumor.(24, 25, 28) A study of 

67 patients by Pretlow et al. [1983] found that eosinophil count >30 versus ≤30 

eosinophils/mm2 was associated with better all-cause survival (P =0.028) including those 

patients without metastases (P =0.04), but that study did not control for other patients’ 

characteristics.(26) Likewise, another small study of 126 colorectal cancer patients in Spain 

observed a stronger eosinophil infiltration among those with better 5-year recurrence-free 
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and all-cause survival independently of age, stage, grade, p53 expression, vascular invasion, 

and vascularization.(24)

Also in line with our results, a large Dutch study of 1416 rectal cancer patients reported a 

significantly better all-cause survival (P <0.007) and lower number of distant metastases (P 
<0.03) in those with many versus few peritumoral eosinophils, i.e. eosinophils located in the 

boundary zone between tumor and normal tissue.(22) However, not all studies of rectal 

cancer were consistent: Fisher et al. [1989] found that higher eosinophil count was 

associated with improved all-cause survival only before adjusting for stage.(27) Due to 

limited power, we were not able to separately examine the survival of rectal cancer patients; 

however, we found significantly decreased hazard ratios for all-cause and colorectal cancer 

five-year death associated with stromal eosinophil score in the combined group of patients 

with distal colon or rectal cancer.

One limitation of our study was the use of tissue microarrays, making it impossible to 

investigate peritumoral eosinophils. In addition to the Dutch study,(22) two other studies 

highlighted the importance of peritumoral eosinophils in the survival of colorectal cancer 

patients.(27) A Danish study of 584 colorectal cancer patients found a 41% decreased risk of 

all-cause death for the highest versus lowest category of peritumoral eosinophils in a 

multivariable model.(25) Similarly, a recent study by Harbaum et al [2015] reported a 25% 

lower hazard ratio for progression-free death and a 30% lower hazard ratio was for 

colorectal cancer death among those with high versus low peritumoral eosinophil count, 

while the association with intratumoral eosinophils was not statistically significant after 

adjusting for overall inflammatory cell response, stage, tumor invasion, and tumor budding.

(28)

While we were not able to study peritumoral eosinophils, we did assess eosinophils in 

epithelial and stromal tumor areas separately, and found that only tumor stromal eosinophil 

score was significantly associated with both colorectal cancer and all-cause survival. To our 

knowledge, no other study examined eosinophil infiltration of epithelial and stromal tumor 

separately. Importantly, for colorectal cancer death, the associations with tumor stromal 

eosinophil score in our study were similar (but stronger) to the associations with peritumoral 

eosinophil count observed by Harbaum et al. (hazard ratio was 0.7; 95% confidence interval, 

0.52–0.93; P =0.01)(28); these findings are consistent with the view that eosinophils play a 

beneficial role in response to colorectal cancer.

A protective role of eosinophils in carcinogenesis is supported by many animal(38–42) and 

in vitro studies(12, 40, 43), although the mechanisms underlying this association have not 

been established. One of the potential mechanisms is the cytotoxic effect of eosinophils, i.e., 

a direct killing via degranulation and release of their granule contents such as eosinophil 

specific proteins (major basic protein, eosinophil cationic protein, eosinophil peroxidase, 

and eosinophil-derived neurotoxin), perforins, and granzymes.(10, 11) A mouse study of B-

cell lymphoma suggested that eosinophils employ perforin and granzyme-B to kill tumors,

(40) and another mouse study of a melanoma resistant for cytotoxic T-cells demonstrated 

that the degranulation of eosinophils leads to the regression of lung and visceral metastases.

(42) Consistent with animal studies, an in vitro study of a colon cancer cell line (Colo-205) 
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showed that, upon degranulation, eosinophils adhere to cancer cells and induce apoptosis via 

secreting eosinophil-derived neurotoxin, eosinophil peroxidase, granzymes A, and tumor 

necrosis factor alpha.(12) Also, indirect support for this mechanism comes from human 

studies, in which degranulated eosinophils were detected in tumors after successful 

immunotherapy with cytokines – interleukin-2 and interleukin-4, suggesting that 

degranulated eosinophils participated in the tumor killing.(44, 45)

In our study, we did not observe an association of eosinophil degranulation score with the 

survival of colorectal cancer patients or their stage at diagnosis. The absence of association 

could be explained in two ways (1) eosinophil degranulation is actually not involved in 

killing tumor cells or (2) most of the released granules originated not from activated but 

from dying eosinophils that do not participate in the cytotoxic mechanisms towards tumor 

cells.(12, 46) Alternatively, there could be a random measurement error in quantifying 

degranulated eosinophils that moved the association towards null.

There is emerging evidence that eosinophils may exert their anti-tumor effect not only 

through their cytotoxicity, but also via immunomodulatory mechanisms: eosinophils may act 

through the secretion of T-cell cytokines, activation of dendritic cells or through antigen 

presentation to T-cells.(6, 8, 10) A recent murine study of melanoma reported that 

eosinophils were involved in tumor rejection via repolarizing macrophages towards the M1 

phenotype, normalizing tumor vasculature and attracting cytotoxic T-cells into tumors, while 

depletion of eosinophils resulted in a decreased number of activated cytotoxic T-cells in the 

tumor and reduced mouse survival.(13) In our study, after additional adjustment for 

cytotoxic T-cells, the hazard ratios associated with stromal and epithelial eosinophil scores 

were slightly attenuated for both all-cause and colorectal cancer death, suggesting that 

eosinophils may act partially via cytotoxic T-cells.

The strength of our study is that we used a large prospective Iowa Women’s Health Study 

linked to SEER that had very accurate ascertainment of cancer and underlying cause of 

death, almost complete information on follow-up(32) and detailed information about 

potential confounders from Iowa Women’s Health Study and SEER. Another major strength 

of our study is that we utilized a very sensitive, specific, and validated anti-eosinophil 

peroxidase antibody for eosinophil immunostaining,(30, 31) while all the previous studies 

used standard hematoxylin and eosin or Giemsa staining. An additional strength of our study 

is that we were able to account for molecular pathways identified in previous studies in the 

Iowa Women’s Health Study.(37).

Although using tissue microarrays precluded studying spatial distribution, it allowed us to 

conduct immunostaining under very similar conditions for all specimens. In addition, to 

account for within-tumor heterogeneity, we obtained three tissue cores from each case and 

averaged the scores across the cores. A limitation of our study is that only a subset of the 

Iowa Women’s Health Study participants diagnosed with colorectal cancer had tissues 

retrieved (58%) and had usable cores after immunostaining (441/580*100%=76%). 

However, the analyses in the earlier studies in the Iowa Women’s Health Study demonstrated 

that participants’ demographics, exposure patterns, and tumor characteristics did not differ 

significantly between colorectal cancer cases with retrieved versus non-retrieved tissue 
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specimens.(37) Further, our analysis showed that the survival of colorectal cancer patients 

with missing eosinophil scores was not statistically different from the survival of the whole 

cohort. Hence, we have no evidence that there was selection bias. In addition, we had limited 

statistical power to conduct subgroup analysis by stage, grade, colorectal cancer subtype or 

molecular pathways. Finally, our population included only post-menopausal, predominantly 

Caucasian women, which may limit our ability to infer beyond individuals with these 

characteristics. Although the fact that we see similar results compared to other studies 

alleviates this concern.

Our study differed from all the other studies in terms of eosinophil staining (anti-eosinophil 

peroxidase staining in ours versus hematoxylin and eosin or Giemsa staining in the others), 

type of tumor slides (tissue microarrays versus full slides, respectively), methods for 

eosinophil quantification, and included confounders. Despite these variations, we 

corroborated the previous results that the infiltration with eosinophils is associated with 

improved survival of colorectal cancer patients and showed this association is independent 

of clinicopathologic, lifestyle factors, or integrated molecular pathways. Our study suggests 

that eosinophil infiltration should be further investigated as an independent prognostic 

marker in colorectal cancer patients. However, before eosinophil infiltration is considered as 

prognostic marker in clinical practice, it is necessary to develop a standardized, easily 

reproducible approach for quantifying eosinophil infiltrate in the stroma.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Eosinophil cells and their link with colorectal cancer (adapted from (20)).
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Figure 2. 
Classification of eosinophil peroxidase protein expression in tumor epithelium and stroma of 

tissue microarray cores in two colorectal cancer patients. The eoinsophil scores were 

quantified as follows: 1 – non-detected; mild (2 – 1–5 eosinophils per 0.28 mm2); 3 – 

moderate (6–10 eosinophils per 0.28 mm2); 4 – strong infiltration (≥10 eosinophils per 0.28 

mm2).
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Figure 3. 
Kaplan-Meier survival curves for the highest versus lowest category of tumor eosinophil 

scores. P-values for log-rank test were calculated across all categories.
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