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Background: African Americans (AAs) have higher colorectal cancer (CRC) incidence
and mortality rate than Caucasian Americans (CAs). Recent studies suggest that immune
responses within CRCs contribute to the disparities. If racially distinct immune signatures
are present in the early phases of carcinogenesis, they could be used to develop
interventions to prevent or slow disease.

Methods: We selected a convenience sample of 95 patients (48 CAs, 47 AAs) with
preinvasive colorectal adenomas from the surgical pathology laboratory at the Medical
University of South Carolina. Using immunofluorescent-conjugated antibodies on tissue
slides from the lesions, we quantified specific immune cell populations: mast cells
(CD117+), Th17 cells (CD4+RORC+), and NK cell ligand (MICA/B) and inflammatory
cytokines, including IL-6, IL-17A, and IFN-g. We compared the mean density counts
(MDCs) and density rate ratios (RR) and 95% CI of immune markers between AAs to CAs
using negative binomial regression analysis. We adjusted our models for age, sex,
clinicopathologic characteristics (histology, location, dysplasia), and batch.

Results: We observed no racial differences in age or sex at the baseline endoscopic
exam. AAs compared to CAs had a higher prevalence of proximal adenomas (66% vs.
40%) and a lower prevalence of rectal adenomas (11% vs. 23%) (p =0.04) but no other
differences in pathologic characteristics. In age, sex, and batch adjusted models, AAs vs.
CAs had lower RRs for cells labeled with IFNg (RR 0.50 (95% CI 0.32-0.81); p=0.004) and
NK cell ligand (RR 0.67 (0.43-1.04); p=0.07). In models adjusted for age, sex, and
clinicopathologic variables, AAs had reduced RRs relative to CAs for CD4 (p=0.02), NK
cell ligands (p=0.01), Th17 (p=0.005), mast cells (p=0.04) and IFN-g (p< 0.0001).
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Conclusions: Overall, the lower RRs in AAs vs. CAs suggests reduced effector response
capacity and an immunosuppressive (‘cold’) tumor environment. Our results also highlight
the importance of colonic location of adenoma in influencing these differences; the
reduced immune responses in AAs relative to CAs may indicate impaired immune
surveillance in early carcinogenesis. Future studies are needed to understand the role
of risk factors (such as obesity) in influencing differences in immune responses by race.
Keywords: race, disparities, colorectal adenomas, immune infiltrate, immune cells
INTRODUCTION

Colorectal cancer (CRC) is the thirdmostcommonmalignancyamong
men and women in the US and the second leading cause of cancer
death (1). African Americans (AAs) experience higher incidence and
mortality from CRC than Caucasian Americans (CAs), especially at
younger ages (2–5). Although the disparities are not fully understood,
we found that racial differences in the immune landscapeofCRC’splay
an essential role in patient survival (6). However, whether race-related
differences in immune responses are present in the early phases of the
carcinogenesis process is unknown (7–9).

The immune system’s role in controlling thegrowthof established
CRCor limitingmetastatic expansion is well documented (7, 10, 11).
Higher densities of tumor-infiltrating lymphocytes (TILs) with
cytotoxic or effector properties (such as Th1, CD8+Tcells, NK cells)
are associated with lower recurrence, and better prognosis (10, 12,
13), whereas a greater infiltration with inflammatory Th17 or IL17a
cytokines are associated with poorer outcomes (7, 14, 15). Recent
evidence has identified lower cytotoxic responses (e.g., Granzyme B,
IFNG) in CRCs of AAs compared to CAs (16–19), yet higher
expression for inflammatory or markers of exhausted T-cells (19).
Understanding whether racial differences in immune signatures are
evident in earlier phases of carcinogenesis have important
consequences for primary and secondary prevention (20, 21).

Earlier data has pointed to the importance of clinicopathologic
features (location, histology, grade) in shaping immune responses
in colorectal neoplasms (22–24). These features also differ in
prevalence by race (4, 5, 25) suggesting the potential for
confounding. In the present study, we compared a diverse group
of immune cellmarkers and cytokines in colorectal adenomas from
AAs and CAs. We hypothesized that AAs compared to CAs would
present at diagnosis with lower density counts for cytotoxic cells/
cytokines (NK ligands, mast cells, IFN-g) and higher inflammatory
responses (Th17, Il17a) based on published data in invasive disease
(18, 19). Specifically, we compared mean density counts (MDCs)
and density rate ratios (RR and 95% CI) for mast cells (CD117),
Th17 cells (CD4/RORC), CD4 helper T-cells, NK cell ligands
(MICA/B), and cells labeled with inflammatory cytokines,
including IL-6, IL-17A, and IFN-g while adjusting for potential
confounding clinicopathologic characteristics.
MATERIALS AND METHODS

In this cross-sectional study, we used the Medical University of
South Carolina (MUSC) pathology laboratory information
2

system CoPath (Cerner Corporation, Kansas City, MO), to
identify a convenient sample of colorectal adenomas excised
from patients who underwent a sigmoidoscopy or colonoscopy
with polypectomy between October 2012 and May 2016. Patient
samples were excluded if the lesion was < 5 mm, as estimated by
the study pathologist (SS), or if there was a known familial
hereditary syndrome (FAP or Lynch syndrome). The MUSC
Institutional Review Board has approved the research study
(IRB # PRO-00007139).

Select of Patient Cohort
The Co-Path system was queried to identify patients diagnosed
with an advanced colorectal adenoma. We included search terms
colorectal, colon or rectal, adenoma or polyp, as well as high-
grade dysplasia, focally high-grade dysplasia, sessile, or
traditional serrated adenoma with high-grade dysplasia, or
dysplasia). We identified 126 patients (152 lesions) who met
the initial screening criteria (dates, advanced histology, colon or
rectal polyp, or adenoma) in our search of the Co-Path system.
Cases were excluded if the lesion was of non-colonic origin, < 5
mm, as estimated by the MUSC pathologist, or a known familial
hereditary syndrome (FAP or Lynch syndrome). Of these, 102
patients were confirmed as having at least one pre-invasive
colorectal adenoma with sufficient tissue to be analyzed; 14 of
these patients had more than one lesion present at diagnosis. We
selected 95 analytic cases (48 CAs, 47 AAs) with at least one
conventional adenoma per patient (i.e., tubular, tubulovillous,
or villous histology) for the current analysis. We excluded
patients (n=7) with a serrated histology lesions (sessile or
traditional) index lesion because of potential differences in the
prevalence of serrated histology by race (26) and immune
infiltrate (27, 28).

For all cases, we abstracted personal characteristics (age at
diagnosis, sex, race) from the electronic medical records and
clinicopathologic data (anatomic location, grade, degree of
dysplasia) from CoPath. To ensure uniformity of diagnoses,
an independent pathologist (CB) reviewed all cases using a
newly prepared Hematoxylin and Eosin (H&E) slide. The
pathologist was blind to any patient or clinical information
associated with the lesions and documented the dominant
histologic pattern within the adenoma (tubular adenoma,
tubulovillous adenoma, villous adenoma) and graded the
villous component (0-100%). The pathologist also identified
the lesion’s grade according to the most dysplastic area on the
slide (i.e., none, low, focally high, high). Each patient contributed
one lesion per analysis.
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Immunofluorescence (IF) Optimization,
Staining, and Scanning Procedures
The University of North Carolina Translational Pathology
Laboratory (TPL) performed the immunofluorescence (IF)
multiplex staining. Prior to initiating the IF procedures, all
antibodies were optimized using positive (e.g., tonsil) and
negative control tissues as recommended by the vendors. A small
number of colorectal polyps (similar in size, age and histology to
the polyps in the study cohort) and invasive colorectal cancers were
also stained and analyzed to demonstrate feasibility. All stains were
reviewed by the study immunologist (JW), the pathologist (DL), a
cancer epidemiologist (KW), and TPL Director (NNF) to ensure
agreement and proper staining of cell types (e.g., visual inspection
by a pathologist that CD4 was staining lymphocytes). Consecutive
duplex (CD117-MICA and CD4-RORC) or triplex (IFN-g, IL-6,
IL-17A) IF stains were performed in the Leica Bond-Rx fully
automated staining platform (Leica Biosystems Inc., Norwell, MA).
Slides were dewaxed in Bond™ Dewax solution (#AR9222) and
hydrated in BondWash solution (#AR9590). The application order
of the pretreatment and staining steps, including epitope retrieval
(ER), peroxidase and protein blocking, primary and secondary
antibodies, and the Tyramide Signal Amplification (TSA), are
shown in Supplemental Table 1. The ER for the 1st targets
(MICA/B, IL-6) was maintained for 20 minutes in Bond ER
solution 1 at pH 6.0 (#AR9661) and in ER solution 2 at pH 9.0
(#AR9640) for CD4; and all other targets (2nd and 3rd) for 10 min
in ER solution 1. The ER was followed with 10 minutes of
endogenous peroxidase blocking using freshly made 3% H202
(Fisher BP2633-500) in methanol (Fisher A433P-4). Stains were
completed in succession from 1st to 3rd. Slides were counterstained
with Hoechst 33258 (# H3569, Life Technologies, Carlsbad, CA)
and mounted with ProLong® Gold Antifade Mountant (#P36930,
Life Technologies). Positive and negative controls (in which all
primary antibodies were omitted) were included in each staining
run. Single stain controls (with one primary antibody omitted)
were also included to check the cross and detection’s
cross-reactivity.

Automated Image Analysis
We imaged slides in the Leica Aperio-FL (Leica Biosystems) in
the Hoechst (blue), Cy2 (green/cyan), Cy3 (green), Cy5 (red)
channels. The pathologist and analyst manually annotated
regions containing tumor or non-tumor glandular colon tissue
on the entire image, only excluding regions containing tissue
artifacts or non-cellular areas. Annotated tissue regions were
digitally analyzed using Tissue Studio Composer software
version 2.7 (Tissue Studio Library version 4.4.2; Definiens Inc.,
Carlsbad CA). Tissue Studio software was used to identify all
nucleated cells within the area on the image (mm2). The software
determined whether the average staining intensity was above the
background threshold determined by negative regions on test
slides for each immune protein marker. Tissue Studio software
identified cells that expressed or co-expressed the targeted
immune markers. We calculated the total number of nucleated
cells within the polyp region and the number of these cells
positive for each marker. To signify Th17 cells, we used
colocalization of CD4 and RORC. Representative stained
Frontiers in Oncology | www.frontiersin.org 3
images and software generated images are shown in
Supplementary Figure 1.

Statistical Analysis
For cases, the primary endpoint was the count of immune
markers within adenomas. We modeled the log count of
positive cells using a negative binomial generalized linear
model (GLM), with the logarithm of the sample area included
as a model offset for each analyte (29). Briefly, in GLMs for count
response variables, the offset is an adjustment term (equivalent to
a covariate with unit slope) included in the model whenever the
expected count is proportional to an index. Here, we expect the
labeled cell counts to be proportional to the spatial area of
nucleated cells, a feature that must be accounted for to
appropriately isolate the effects of model covariates. Race was
included in all models as the primary independent variable of
interest, and group comparisons of mean immune marker counts
were performed using model-based contrasts (AAs vs. CAs).

Univariable and multivariable models estimated the mean
density counts (MDC) and density count rate ratios (RR) and
their 95% confidence intervals (CI) for AAs and CAs for each
marker type. All multivariable models were adjusted for age
(continuous), sex, and IF batch (indicator variables for six
batches) (base model). Additional multivariable models were
constructed by adding each of the following clinicopathologic
variables individually to the base model: lesion anatomic location
(proximal colon, distal colon, rectum), percent of villous
component (0-100%), and degree of dysplasia (not high, high-
grade); fully adjusted models controlled for age, sex, batch,
location, histology, and dysplasia. P-values for the differences
in models were based on Wald tests. We also tested the
interactions between race and clinicopathologic variables and
immune counts using the likelihood ratio test. All tests were two-
sided, with a significance level (alpha) of p <0.05.
RESULTS

We analyzed preinvasive lesions from 95 patients (48 CAs, 47
AAs). Univariate associations of personal and clinicopathologic
characteristics with race are shown in Table 1. AAs had a higher
prevalence of proximal adenomas (66% vs. 40%) than CAs and a
lower prevalence of rectal adenomas (11% vs. 23%) (p =0.04).
AAs compared to CAs presented with a similar prevalence of
high-grade dysplasia lesions compared to CAs (53% vs. 40%,
p=0.18). No difference was detected in the percent of villous
histology by race (p=0.96).

Table 2 shows the MDCs for each immune marker by race and
the RR (95% CI) of the immune markers and race in the
multivariable models. In age, sex, and batch adjusted models,
AAs had lower RRs for cells labeled with IFNg (p=0.01) and NK
cell ligand (p=0.07) than CAs. In the multivariable models
additionally adjusted for colonic location, AAs compared to CAs
had significantly lower RRs for cells labeled with CD4, Th17, NK
ligands, mast cells, and IFNg. Further adjustment for percent
villous histology and degree of dysplasia did not materially alter
the RRs further (i.e., fully adjusted models, Table 2). There were
April 2021 | Volume 11 | Article 659036
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no statistically significant interactions between race and any
clinicopathologic variables (location, degree of dysplasia, percent
villous histology) on the immune counts.
DISCUSSION

Overall, we observed few differences in the prevalence of
personal or adenoma characteristics by race at the endoscopic
exam. The notable exception being that AAs, compared to CAs,
had a higher prevalence of proximal neoplasia. For the
immunologic markers, AAs had significantly lower CD4, Th17,
mast cells, NK ligands, and IFN-g in the fully adjusted models
than CAs. IL17a was non-significantly higher in the same race
comparison. Our results point to pervasive differences in
immune densities in preinvasive lesions by race.

A few studies (30–34) have described the immune cell
contextures within preinvasive lesions, but none have considered
these differences by race. Our results point to a dampened immune
response in AAs compared to CAs across multiple analytes known
to have different functions in the tumor bed. For example, NK
Frontiers in Oncology | www.frontiersin.org 4
ligands, mast cells, and IFNg play essential roles in orchestrating
the cytotoxic (killing) response in the tumors, enabling the host to
recognize and eliminate neoplastic cells (7, 14, 35). Reduced
cytotoxic responses in AAs vs. CAs could suggest compromised
immune surveillance capability and the promotion of an
environment favorable for tumor growth. Our data pointed to a
high density of IFNg markers and NK cell ligands within the
tumor bed relative to other cell types suggesting these immune
markers may be very active in early carcinogenesis. Other studies
have found that the higher densities of Th1 cytokines and NK cells
are inversely related to tumor progression and high grade
dysplasia (30, 36). The consequences of lower Th17 densities in
adenomas of AAs relative to CAs are less clear due to the
functional plasticity of Th17 cells. Th17 cells can promote an
inflammatory or immunosuppressive tumor environment
depending on the cytokine milieu (37–39) but also play a
fundamental role in epithelial barrier homeostasis and control of
microbial populations in the gut (40–42). The lower Th17
densities in AAs vs. CAs could lead to mucosal barrier
compromise and increased microbial translocation, while the
trend toward higher IL17a responses may reflect an
inflammatory reaction to tumor associated microbes (41, 43).
Cui and others (32) found IL17a increased from low to high
dysplastic lesions, suggesting a positive correlation with tumor
progression in early carcinogenesis; no studies have examined
Th17 cells in adenomas. More research is needed to understand
the benefits/harms of Th17/IL17a in the tumor environment and
their role in tumor progression.

Lower cytotoxic or effector T cell responses in CRCs of AAs vs.
CAs have been observed in a few previous studies in colorectal
cancers (16–19). Basa et al. (18) identified lower protein
expression of granzyme B in CRCs of AAs compared to CAs.
Granzyme B plays a crucial role in the apoptosis of tumor cells and
is secreted by many cells, including NK cells (44), CD8+ T-cells
(44), and mast cells (45). Other recent data showed that CRCs in
CAs vs. AAs had greater expression of cytotoxic genes GZMB and
IFNG (19). In that study, AAs also exhibited a greater
immunosuppressive and exhausted T-cell phenotype than CAs
and increased expression of antimicrobial inflammatory cytokines
(46). There is also evidence of reduced cytotoxic responses (47) or
immune suppression (48) in AAs compared to CAs with prostate
cancer and non-cancer contexts (49). Whether there are shared
TABLE 2 | Mean density counts (MDC) and density rate ratios (RR) in African American (AA) and Caucasian American (CA) tumor immune markers.

Immune markers AAs
N=47

MCDs1 (95% CI)

CAs
N=48M

CDs1 (95% CI)

AAs vs. CAsRR2 (95% CI) AAs vs. CAsRR3 (95% CI)

CD4+ 81 (59-110) 103 (75-140) 0.78 (0.49-1.26) 0.53 (0.33-0.87)
Th17 65 (46-90) 89 (64-125) 0.72 (0.43-1.20) 0.43 (0.26-0.74)
NK cell Ligand 1288 (959-1729) 1931 (1443-2583) 0.67 (0.43-1.04) 0.57 (0.37-0.88)
IL17a 254 (199-325) 197 (154-251) 1.29 (0.90-1.85) 1.33 (0.93-1.91)
IFNg 1065 (781-1451) 2112 (1556-2866) 0.50 (0.32-0.81) 0.40 (0.25-0.65)
IL6 749 (599-938) 898 (720-1121) 0.83 (0.60-1.17) 0.79 (0.58-1.08)
Mast Cells 44 (32-60) 62 (45-83) 0.71 (0.45-1.13) 0.63 (0.41-0.97)
April 2021 |
1Mean density counts (MDC) per mm2 adjusted for age, sex, batch. 2 RR AA vs. CA (referent) adjusted for age, sex, batch 3RR AA vs. CA (referent) adjusted for age, sex, location, degree of
dysplasia, percent villous histology, and batch. P-value for difference by race were determined using Wald statistics. P-values < 0.05 are bolded.
TABLE 1 | Patient and lesion characteristics at diagnosis in African Americans
(AAs) and Caucasian Americans (CAs).

Baseline Variables AAs CAs p-value*

N = 47 N = 48

Age, mean (SD) 63.2 (9.5) 63.3 (10.1) 0.96
Sex, n (%) 0.58
Female 18 (38) 21 (44)
Male 29 (62) 27 (56)
Villousness, n (%) 0.96
0-25% 12 (26) 11 (23)
26-75% 18 (38) 19 (40)
76%+ 17 (36) 18 (37)
Location, n (%) 0.04
Proximal 31 (66) 19 (36)
Distal 11 (23) 17 (40)
Rectal 5 (11) 11 (23)
Dysplasia, n (%) 0.18
High 25 (53) 18 (40)
Not High 24 (47) 34 (60)
*p-values determined using chi-square tests for categorical variables and t-tests for
continuous.
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risk factors or genetic characteristics influencing these results is
not known; however, the racial differences appear to be influenced
by tumor location in the colorectum.

The tumors of the proximal colon (compared to distal or
rectal) are more apt to be immunologically active (or ‘hot’) (50,
51). In an earlier study in this population six of the seven markers
studied (all except IL-17a) had significantly higher density
counts in the proximal colon than distal colon or rectum. The
higher immune activity in the proximal colon appears to be
shaped by many factors, including the porousness of the mucosal
barrier, microbiota, and metabolic activity (52, 53). It’s tempting
to speculate that differences in the prevalence of risk factors for
proximal colon neoplasia (such as diabetes, obesity) (54–56) –
which are more common in AAs– contribute to the diminished
immune responses we observed in AAs vs. CAs. Metabolic
dysregulation, common in obesity and diabetes, is associated
with chronic immune activation and overtime, reduced
antitumor effector responses, immune cell death, and tumor
progression (57–59). AAs compared to CAs have a higher
prevalence of proximal neoplasia (24, 60, 61), consistent with
our findings in the present study. Previously, we identified a
higher prevalence of metabolic risk factors (i.e., obesity, diabetes,
hypertension) in AAs vs. CAs in patients undergoing
colonoscopy (62, 63). Future studies will be needed to
investigate whether the higher prevalence of metabolic risk
factors in AAs compared to CAs contributes to the diminished
immune responses observed in the present study when adjusting
for colonic location.

Our study has several advantages. It is the first study to
compare the immune environment in preinvasive colorectal
lesions by race. We adjusted our results for important potential
confounders such as age, location, grade, histology. We analyzed
immune counts in the entire slide (vs. cores), which represent the
whole tumor. An independent pathologist with no knowledge of
the clinical or personal characteristics of the patients provided
blinded diagnoses. We are also aware of several limitations of this
study. We had a relatively small number of cases. We did not
assess immune counts in different regions of the polyp (e.g.,
stromal, epithelial), which appear important for CRC outcomes
(64). Our study lacks information about the ancestral informative
markers to characterize the ancestry in our population.

Our results suggest that detailed immunologic profiling of
preinvasive lesions will be an essential next step to understand
the contributions of different immune cell subsets in CRC risk
and prognosis. We lack a comprehensive inventory of immune
signatures by race. Although small, our study demonstrates that
AAs have an immunosuppressive phenotype at the initial phases
of carcinogenesis. If confirmed in a larger cohort of patients, this
signature could be used as a prognostic biomarker to guide
interventions when therapeutic options may be more effective in
preventing progression and recurrence.
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
Frontiers in Oncology | www.frontiersin.org 5
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by The Medical University of South Carolina
Institutional Review Board has approved the research study
(IRB # PRO-00007139). Written informed consent for
participation was not required for this study in accordance
with the national legislation and the institutional requirements.
AUTHOR CONTRIBUTIONS

KW: study concept and design; acquisition of data; analysis and
interpretation of data; drafting of the manuscript; critical
revision of the manuscript; administrative, technical, or
material support; study supervision. GN: analysis and
interpretation of data; drafting of the manuscript; statistical
analysis. CB: study concept and design; acquisition of data;
analysis and interpretation of data. DL: study concept and
design; acquisition of data; analysis and interpretation of data;
study supervision. CP: analysis and interpretation of data; critical
revision of the manuscript NN-F: acquisition of data; analysis
and interpretation of data; critical revision of the manuscript;
administrative, technical, or material support; study supervision.
SC: analysis and interpretation of data; critical revision of the
manuscript; administrative, technical, or material support; study
supervision. SG: critical revision of the manuscript. EC: critical
revision of the manuscript. AB: analysis and interpretation of
data. EH: study concept and design; analysis and interpretation
of data; statistical analysis. JW: study concept and design;
analysis and interpretation of data; drafting of the manuscript;
critical revision of the manuscript; obtained funding. JB: study
concept and design; critical revision of the manuscript. AA:
study concept and design; analysis and interpretation of data;
drafting of the manuscript; critical revision of the manuscript.
All authors contributed to the article and approved the
submitted version.
FUNDING

This study was partly funded by grants from National Library of
Medicine (Alekseyenko, R01 LM012517). The Biostatistics
Shared Resource, Hollings Cancer Center, Medical University
of South Carolina (E. Hill, G. El Nanhas P30 CA138313); South
Carolina Clinical & Translational Research (SCTR) Institute
NIH Grant Numbers UL1 TR000062 and UL1 TR001450.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2021.
659036/full#supplementary-material
April 2021 | Volume 11 | Article 659036

https://www.frontiersin.org/articles/10.3389/fonc.2021.659036/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2021.659036/full#supplementary-material
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Wallace et al. Race and Immune Response
REFERENCES

1. Siegel RL, Miller KD, Fedewa SA, Ahnen DJ, Meester RGS, Barzi A, et al.
Colorectal cancer statistics, 2017. CA Cancer J Clin (2017) 67:177–93. doi:
10.3322/caac.21395

2. Wallace K, DeToma A, Lewin DN, Sun S, Rockey D, Britten CD, et al. Racial
Differences in Stage IV Colorectal Cancer Survival in Younger and Older
Patients. Clin Colorectal Cancer (2017) 16:178–86. doi: 10.1016/j.clcc.2016.
11.006

3. Yoon HH, Shi Q, Alberts SR, Goldberg RM, Thibodeau SN, Sargent DJ,
et al. Racial Differences in BRAF/KRAS Mutation Rates and Survival in
Stage III Colon Cancer Patients. J Natl Cancer Inst (2015) 107(10):djv186.
doi: 10.1093/jnci/djv186

4. Holowatyj AN, Ruterbusch JJ, Rozek LS, Cote ML, Stoffel EM. Racial/Ethnic
Disparities in Survival Among Patients With Young-Onset Colorectal Cancer.
J Clin Oncol (2016) 34:2148–56. doi: 10.1200/JCO.2015.65.0994

5. Murphy CC, Wallace K, Sandler RS, Baron JA. Racial Disparities in Incidence
of Young-Onset Colorectal Cancer and Patient Survival. Gastroenterology
(2019) 156:958–65. doi: 10.1053/j.gastro.2018.11.060

6. Wallace K, Lewin DN, Sun S, Spiceland CM, Rockey DC, Alekseyenko AV,
et al. Tumor-Infiltrating Lymphocytes and Colorectal Cancer Survival in
African American and Caucasian Patients. Cancer Epidemiol Biomarkers Prev
(2018) 27:755–61. doi: 10.1158/1055-9965.EPI-17-0870

7. Bindea G, Mlecnik B, Tosolini M, Kirilovsky A, Waldner M, Obenauf AC,
et al. Spatiotemporal dynamics of intratumoral immune cells reveal the
immune landscape in human cancer. Immunity (2013) 39:782–95. doi:
10.1016/j.immuni.2013.10.003

8. Mlecnik B, Tosolini M, Kirilovsky A, Berger A, Bindea G, Meatchi T, et al.
Histopathologic-based prognostic factors of colorectal cancers are associated
with the state of the local immune reaction. J Clin Oncol (2011) 29:610–8. doi:
10.1200/JCO.2010.30.5425

9. Galon J, Pages F, Marincola FM, Thurin M, Trinchieri G, Fox BA, et al. The
immune score as a new possible approach for the classification of cancer.
J Trans Med (2012) 10:1. doi: 10.1186/1479-5876-10-1

10. Galon J, Costes A, Sanchez-Cabo F, Kirilovsky A, Mlecnik B, Lagorce-Pages C,
et al. Type, density, and location of immune cells within human colorectal
tumors predict clinical outcome. Science (2006) 313:1960–4. doi: 10.1126/
science.1129139

11. Jass JR. Lymphocytic infiltration and survival in rectal cancer. J Clin Pathol
(1986) 39:585–9. doi: 10.1136/jcp.39.6.585

12. Nosho K, Baba Y, Tanaka N, Shima K, Hayashi M, Meyerhardt JA, et al.
Tumour-infiltrating T-cell subsets, molecular changes in colorectal cancer,
and prognosis: cohort study and literature review. J Pathol (2010) 222:350–66.
doi: 10.1002/path.2774

13. FridmanWH, Pages F, Sautes-Fridman C, Galon J. The immune contexture in
human tumours: impact on clinical outcome. Nat Rev Cancer (2012) 12:298–
306. doi: 10.1038/nrc3245

14. Tosolini M, Kirilovsky A, Mlecnik B, Fredriksen T, Mauger S, Bindea G, et al.
Clinical impact of different classes of infiltrating T cytotoxic and helper cells
(Th1, th2, treg, th17) in patients with colorectal cancer. Cancer Res (2011)
71:1263–71. doi: 10.1158/0008-5472.CAN-10-2907

15. Yoshida N, Kinugasa T, Miyoshi H, Sato K, Yuge K, Ohchi T, et al. A High
RORgammaT/CD3 Ratio is a Strong Prognostic Factor for Postoperative
Survival in Advanced Colorectal Cancer: Analysis of Helper T Cell
Lymphocytes (Th1, Th2, Th17 and Regulatory T Cells). Ann Surg Oncol
(2016) 23:919–27. doi: 10.1245/s10434-015-4923-3

16. Jovov B, Araujo-Perez F, Sigel CS, Stratford JK, McCoy AN, Yeh JJ, et al.
Differential gene expression between African American and European
American colorectal cancer patients. PloS One (2012) 7:e30168. doi:
10.1371/journal.pone.0030168

17. Carethers JM, Murali B, Yang B, Doctolero RT, Tajima A, Basa R, et al.
Influence of race on microsatellite instability and CD8+ T cell infiltration in
colon cancer. PloS One (2014) 9:e100461. doi: 10.1371/journal.pone.0100461

18. Basa RC, Davies V, Li X, Murali B, Shah J, Yang B, et al. Decreased Anti-Tumor
Cytotoxic Immunity among Microsatellite-Stable Colon Cancers from African
Americans. PloS One (2016) 11:e0156660. doi: 10.1371/journal.pone.0156660

19. Paredes J, Zabaleta J, Garai J, Ji P, Imtiaz S, Spagnardi M, et al. Immune-
Related Gene Expression and Cytokine Secretion Is Reduced Among African
Frontiers in Oncology | www.frontiersin.org 6
American Colon Cancer Patients. Front Oncol (2020) 10:1498. doi: 10.3389/
fonc.2020.01498

20. Baron JA, Cole BF, Sandler RS, Haile RW, Ahnen D, Bresalier R, et al. A
randomized trial of aspirin to prevent colorectal adenomas. N Engl J Med
(2003) 348:891–9. doi: 10.1056/NEJM200305083481926

21. Idorn M, Hojman P. Exercise-Dependent Regulation of NK Cells in Cancer
Protection. Trends Mol Med (2016) 22:565–77. doi: 10.1016/j.molmed.
2016.05.007

22. De Smedt L, Lemahieu J, Palmans S, Govaere O, Tousseyn T, Van Cutsem E,
et al. Microsatellite instable vs stable colon carcinomas: analysis of tumour
heterogeneity, inflammation and angiogenesis. Br J Cancer (2015) 113:500–9.
doi: 10.1038/bjc.2015.213

23. Sharp SP, Avram D, Stain SC, Lee EC. Local and systemic Th17 immune
response associated with advanced stage colon cancer. J Surg Res (2017)
208:180–6. doi: 10.1016/j.jss.2016.09.038

24. Merlano MC, Granetto C, Fea E, Ricci V, Garrone O. Heterogeneity of colon
cancer: from bench to bedside. ESMO Open (2017) 2:e000218. doi: 10.1136/
esmoopen-2017-000218

25. Wallace K, Li H, Paulos CM, Lewin DN, Alekseyenko AV. Racial disparity in
survival of patients diagnosed with early onset colorectal cancer. Colorectal
Cancer (2020) 9(3).. doi: 10.2217/crc-2020-0015

26. Wallace K, Grau MV, Ahnen D, Snover DC, Robertson DJ, Mahnke D, et al.
The association of lifestyle and dietary factors with the risk for serrated polyps
of the colorectum. Cancer Epidemiol Biomarkers Prev (2009) 18(8):2310–7.
doi: 10.1158/1055-9965.EPI-09-0211

27. Chang K, Willis JA, Reumers J, Taggart MW, San Lucas FA, Thirumurthi S,
et al. Colorectal premalignancy is associated with consensus molecular
subtypes 1 and 2. Ann Oncol (2018) 29(10):2061–7. doi: 10.1093/annonc/
mdy337

28. Acosta-Gonzalez G, Ouseph M, Lombardo K, Lu S, Glickman J, Resnick MB.
Immune environment in serrated lesions of the colon: intraepithelial
lymphocyte density, PD-1, and PD-L1 expression correlate with serrated
neoplasia pathway progression. Hum Pathol (2019) 83:115–23. doi: 10.1016/
j.humpath.2018.08.020

29. Agresti A. Foundations of Linear and Generalized Linear Models. Hoboken
NJ, editor. John Wiley & Sons, Inc (2015).

30. Cui G, Goll R, Olsen T, Steigen SE, Husebekk A, Vonen B, et al. Reduced
expression of microenvironmental Th1 cytokines accompanies adenomas-
carcinomas sequence of colorectum. Cancer Immunol Immunother (2007)
56:985–95. doi: 10.1007/s00262-006-0259-y

31. Moezzi J, Gopalswamy N, Haas RJ Jr, Markert RJ, Suryaprasad S, Bhutani MS.
Stromal eosinophilia in colonic epithelial neoplasms. Am J Gastroenterol
(2000) 95:520–3. doi: 10.1111/j.1572-0241.2000.01778.x

32. Cui G, Yuan A, Goll R, Florholmen J. IL-17A in the tumor microenvironment
of the human colorectal adenoma-carcinoma sequence. Scand J Gastroenterol
(2012) 47:1304–12. doi: 10.3109/00365521.2012.725089

33. Yuan A, Steigen SE, Goll R, Vonen B, Husbekk A, Cui G, et al. Dendritic cell
infiltration pattern along the colorectal adenoma-carcinoma sequence. APMIS
(2008) 116:445–56. doi: 10.1111/j.1600-0463.2008.00879.x

34. Jang TJ. Progressive Increase of Regulatory T Cells and Decrease of CD8+ T Cells
andCD8+TCells/RegulatoryTCellsRatio duringColorectalCancerDevelopment.
Korean J Pathol (2013) 47:443–51. doi: 10.4132/KoreanJPathol.2013.47.5.443

35. Maby P, Tougeron D, Hamieh M, Mlecnik B, Kora H, Bindea G, et al.
Correlation between Density of CD8+ T-cell Infiltrate in Microsatellite
Unstable Colorectal Cancers and Frameshift Mutations: A Rationale for
Personalized Immunotherapy. Cancer Res (2015) 75:3446–55. doi: 10.1158/
0008-5472.CAN-14-3051

36. McLean MH, Murray GI, Stewart KN, Norrie G, Mayer C, Hold GL, et al. The
inflammatory microenvironment in colorectal neoplasia. PLoS One (2011) 6
(1):e15366. doi: 10.1371/journal.pone.0015366

37. Young MR. Th17 Cells in Protection from Tumor or Promotion of Tumor
Progression. J Clin Cell Immunol (2016) 7:431. doi: 10.4172/2155-
9899.1000431

38. Bailey SR, Nelson MH, Himes RA, Li Z, Mehrotra S, Paulos CM. Th17 cells in
cancer: the ultimate identity crisis. Front Immunol (2014) 5:276. doi: 10.3389/
fimmu.2014.00276

39. Nelson MH, Knochelmann HM, Bailey SR, Huff LW, Bowers JS, Majchrzak-
Kuligowska K, et al. Identification of human CD4(+) T cell populations with
April 2021 | Volume 11 | Article 659036

https://doi.org/10.3322/caac.21395
https://doi.org/10.1016/j.clcc.2016.11.006
https://doi.org/10.1016/j.clcc.2016.11.006
https://doi.org/10.1093/jnci/djv186
https://doi.org/10.1200/JCO.2015.65.0994
https://doi.org/10.1053/j.gastro.2018.11.060
https://doi.org/10.1158/1055-9965.EPI-17-0870
https://doi.org/10.1016/j.immuni.2013.10.003
https://doi.org/10.1200/JCO.2010.30.5425
https://doi.org/10.1186/1479-5876-10-1
https://doi.org/10.1126/science.1129139
https://doi.org/10.1126/science.1129139
https://doi.org/10.1136/jcp.39.6.585
https://doi.org/10.1002/path.2774
https://doi.org/10.1038/nrc3245
https://doi.org/10.1158/0008-5472.CAN-10-2907
https://doi.org/10.1245/s10434-015-4923-3
https://doi.org/10.1371/journal.pone.0030168
https://doi.org/10.1371/journal.pone.0100461
https://doi.org/10.1371/journal.pone.0156660
https://doi.org/10.3389/fonc.2020.01498
https://doi.org/10.3389/fonc.2020.01498
https://doi.org/10.1056/NEJM200305083481926
https://doi.org/10.1016/j.molmed.2016.05.007
https://doi.org/10.1016/j.molmed.2016.05.007
https://doi.org/10.1038/bjc.2015.213
https://doi.org/10.1016/j.jss.2016.09.038
https://doi.org/10.1136/esmoopen-2017-000218
https://doi.org/10.1136/esmoopen-2017-000218
https://doi.org/10.2217/crc-2020-0015
https://doi.org/10.1158/1055-9965.EPI-09-0211
https://doi.org/10.1093/annonc/mdy337
https://doi.org/10.1093/annonc/mdy337
https://doi.org/10.1016/j.humpath.2018.08.020
https://doi.org/10.1016/j.humpath.2018.08.020
https://doi.org/10.1007/s00262-006-0259-y
https://doi.org/10.1111/j.1572-0241.2000.01778.x
https://doi.org/10.3109/00365521.2012.725089
https://doi.org/10.1111/j.1600-0463.2008.00879.x
https://doi.org/10.4132/KoreanJPathol.2013.47.5.443
https://doi.org/10.1158/0008-5472.CAN-14-3051
https://doi.org/10.1158/0008-5472.CAN-14-3051
https://doi.org/10.1371/journal.pone.0015366
https://doi.org/10.4172/2155-9899.1000431
https://doi.org/10.4172/2155-9899.1000431
https://doi.org/10.3389/fimmu.2014.00276
https://doi.org/10.3389/fimmu.2014.00276
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Wallace et al. Race and Immune Response
distinct antitumor activity. Sci Adv (2020) 6(27):eaba7443.. doi: 10.1101/
2019.12.31.891317

40. Wacleche VS, Landay A, Routy JP, Ancuta P. The Th17 Lineage: From Barrier
Surfaces Homeostasis to Autoimmunity, Cancer, and HIV-1 Pathogenesis.
Viruses (2017) 9(10):303.. doi: 10.3390/v9100303

41. Hurtado CG, Wan F, Housseau F, Sears CL. Roles for Interleukin 17 and
Adaptive Immunity in Pathogenesis of Colorectal Cancer. Gastroenterology
(2018) 155:1706–15. doi: 10.1053/j.gastro.2018.08.056

42. Grivennikov SI, Wang K, Mucida D, Stewart CA, Schnabl B, Jauch D, et al.
Adenoma-linked barrier defects and microbial products drive IL-23/IL-17-
mediated tumour growth. Nature (2012) 491:254–8. doi: 10.1038/
nature11465

43. Dejea CM, Fathi P, Craig JM, Boleij A, Taddese R, Geis AL, et al. Patients
with familial adenomatous polyposis harbor colonic biofilms containing
tumorigenic bacteria. Science (2018) 359:592–7. doi: 10.1126/science.
aah3648

44. Chowdhury D, Lieberman J. Death by a thousand cuts: granzyme pathways of
programmed cell death. Annu Rev Immunol (2008) 26:389–420. doi: 10.1146/
annurev.immunol.26.021607.090404

45. Strik MC, de Koning PJ, Kleijmeer MJ, Bladergroen BA, Wolbink AM, Griffith
JM, et al. Human mast cells produce and release the cytotoxic lymphocyte
associated protease granzyme B upon activation. Mol Immunol (2007)
44:3462–72. doi: 10.1016/j.molimm.2007.03.024

46. Kolls JK, McCray PB Jr, Chan YR. Cytokine-mediated regulation of
antimicrobial proteins. Nat Rev Immunol (2008) 8:829–35. doi: 10.1038/
nri2433

47. Sakiyama MJ, Espinoza I, Reddy A, de Carlo F, Kumar A, Levenson AS, et al.
Race-associated expression of MHC class I polypeptide-related sequence A
(MICA) in prostate cancer. Exp Mol Pathol (2019) 108:173–82. doi: 10.1016/
j.yexmp.2019.04.010

48. King Thomas J, Mir H, Kapur N, Singh S. Racial Differences in Immunological
Landscape Modifiers Contributing to Disparity in Prostate Cancer. Cancers
(Basel) (2019) 11. doi: 10.3390/cancers11121857

49. Golden-Mason L, Stone AE, Bambha KM, Cheng L, Rosen HR. Race- and
gender-related variation in natural killer p46 expression associated with
differential anti-hepatitis C virus immunity. Hepatology (2012) 56:1214–22.
doi: 10.1002/hep.25771

50. Becht E, de Reynies A, Giraldo NA, Pilati C, Buttard B, Lacroix L, et al.
Immune and Stromal Classification of Colorectal Cancer Is Associated with
Molecular Subtypes and Relevant for Precision Immunotherapy. Clin
Cancer Res (2016) 22:4057–66. doi: 10.1158/1078-0432.CCR-15-2879

51. Roelands J, Kuppen PJK, Vermeulen L, Maccalli C, Decock J, Wang E, et al.
Immunogenomic Classification of Colorectal Cancer and Therapeutic
Implications. Int J Mol Sci (2017) 18(10):2229. doi: 10.3390/ijms18102229

52. Dejea CM, Wick EC, Hechenbleikner EM, White JR, Mark Welch JL, Rossetti
BJ, et al. Microbiota organization is a distinct feature of proximal colorectal
cancers. Proc Natl Acad Sci USA (2014) 111:18321–6. doi: 10.1073/
pnas.1406199111

53. Luissint AC, Parkos CA, Nusrat A. Inflammation and the Intestinal Barrier:
Leukocyte-Epithelial Cell Interactions, Cell Junction Remodeling, and
Mucosal Repair. Gastroenterology (2016) 151:616–32. doi: 10.1053/
j.gastro.2016.07.008
Frontiers in Oncology | www.frontiersin.org 7
54. Niederseer D, Bracher I, Stadlmayr A, Huber-Schonauer U, Ploderl M, Obeid
S, et al. Association between Cardiovascular Risk and Diabetes with Colorectal
Neoplasia: A Site-Specific Analysis. J Clin Med (2018) 7. doi: 10.3390/
jcm7120484

55. de Kort S, Masclee AAM, Sanduleanu S, Weijenberg MP, van Herk-Sukel
MPP, Oldenhof NJJ, et al. Higher risk of colorectal cancer in patients with
newly diagnosed diabetes mellitus before the age of colorectal cancer
screening initiation. Sci Rep (2017) 7:46527. doi: 10.1038/srep46527

56. Chen H, Zheng X, Zong X, Li Z, Li N, Hur J, et al. Metabolic syndrome,
metabolic comorbid conditions and risk of early-onset colorectal cancer. Gut
(2020). doi: 10.1136/gutjnl-2020-321661

57. Turbitt WJ, Buchta Rosean C, Weber KS, Norian LA. Obesity and CD8 T cell
metabolism: Implications for anti-tumor immunity and cancer
immunotherapy outcomes. Immunol Rev (2020) 295:203–19. doi: 10.1111/
imr.12849

58. Drijvers JM, Sharpe AH, Haigis MC. The effects of age and systemic
metabolism on anti-tumor T cell responses. eLife (2020) 9:e62420. doi:
10.7554/eLife.62420

59. Aloysius A, Saxena S, Seifert AW. Metabolic regulation of innate immune cell
phenotypes during wound repair and regeneration. Curr Opin Immunol
(2020) 68:72–82. doi: 10.1016/j.coi.2020.10.012

60. Kirby JA, Bone M, Robertson H, Hudson M, Jones DE. The number of
intraepithelial T cells decreases from ascending colon to rectum. J Clin Pathol
(2003) 56:158. doi: 10.1136/jcp.56.2.158

61. Wolff MJ, Leung JM, Davenport M, Poles MA, Cho I, Loke P. TH17, TH22
and Treg cells are enriched in the healthy human cecum. PloS One (2012) 7:
e41373. doi: 10.1371/journal.pone.0041373

62. Wallace K, Burke CA, Ahnen DJ, Barry EL, Bresalier RS, Saibil F, et al. The
association of age and race and the risk of large bowel polyps. Cancer
Epidemiol Biomarkers Prev (2015) 24:448–53. doi: 10.1158/1055-9965.EPI-
14-1076

63. Wallace K, Brandt HM, Bearden JD, Blankenship BF, Caldwell R, Dunn J,
et al. Race and Prevalence of Large Bowel Polyps Among the Low-Income and
Uninsured in South Carolina. Dig Dis Sci (2016) 61(1):265–72. doi: 10.1007/
s10620-015-3862-y

64. Srivatsa S, Paul MC, Cardone C, Holcmann M, Amberg N, Pathria P, et al.
EGFR in Tumor-Associated Myeloid Cells Promotes Development of
Colorectal Cancer in Mice and Associates With Outcomes of Patients.
Gastroenterology (2017) 153:178–90e10. doi: 10.1053/j.gastro.2017.03.053

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021Wallace, Nahhas, Bookhout, Lewin, Paulos, Nikolaishvili-Feinberg,
Cohen, Guglietta, Bakhtiari, Camp, Hill, Baron, Wu and Alekseyenko. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.
April 2021 | Volume 11 | Article 659036

https://doi.org/10.1101/2019.12.31.891317
https://doi.org/10.1101/2019.12.31.891317
https://doi.org/10.3390/v9100303
https://doi.org/10.1053/j.gastro.2018.08.056
https://doi.org/10.1038/nature11465
https://doi.org/10.1038/nature11465
https://doi.org/10.1126/science.aah3648
https://doi.org/10.1126/science.aah3648
https://doi.org/10.1146/annurev.immunol.26.021607.090404
https://doi.org/10.1146/annurev.immunol.26.021607.090404
https://doi.org/10.1016/j.molimm.2007.03.024
https://doi.org/10.1038/nri2433
https://doi.org/10.1038/nri2433
https://doi.org/10.1016/j.yexmp.2019.04.010
https://doi.org/10.1016/j.yexmp.2019.04.010
https://doi.org/10.3390/cancers11121857
https://doi.org/10.1002/hep.25771
https://doi.org/10.1158/1078-0432.CCR-15-2879
https://doi.org/10.3390/ijms18102229
https://doi.org/10.1073/pnas.1406199111
https://doi.org/10.1073/pnas.1406199111
https://doi.org/10.1053/j.gastro.2016.07.008
https://doi.org/10.1053/j.gastro.2016.07.008
https://doi.org/10.3390/jcm7120484
https://doi.org/10.3390/jcm7120484
https://doi.org/10.1038/srep46527
https://doi.org/10.1136/gutjnl-2020-321661
https://doi.org/10.1111/imr.12849
https://doi.org/10.1111/imr.12849
https://doi.org/10.7554/eLife.62420
https://doi.org/10.1016/j.coi.2020.10.012
https://doi.org/10.1136/jcp.56.2.158
https://doi.org/10.1371/journal.pone.0041373
https://doi.org/10.1158/1055-9965.EPI-14-1076
https://doi.org/10.1158/1055-9965.EPI-14-1076
https://doi.org/10.1007/s10620-015-3862-y
https://doi.org/10.1007/s10620-015-3862-y
https://doi.org/10.1053/j.gastro.2017.03.053
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Preinvasive Colorectal Lesions of African Americans Display an Immunosuppressive Signature Compared to Caucasian Americans
	Introduction
	Materials and Methods
	Select of Patient Cohort
	Immunofluorescence (IF) Optimization, Staining, and Scanning Procedures
	Automated Image Analysis
	Statistical Analysis

	Results
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


