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A B S T R A C T

Despite the lack of a complete understanding of the disparities involved, prostate cancer (PCa) has both higher
incidence and death rates in African American Men (AAM) relative to those of Caucasian American Men (CAM).
MHC class I polypeptide related sequence A (MICA) is an innate immunity protein involved in tumor im-
munoevasion. Due to a lack of reports of race-specific expression of MICA in PCa, we evaluated MICA expression
in patients' tumors and in cell lines from a racially diverse origin. Immunohistochemistry was done on a tissue
microarray (TMA) with antibodies against MICA. Tumor MICA mRNA was assessed by data mining using
Oncomine and PROGeneV2. Surface MICA and release rate of soluble (s) MICA was evaluated in PCa cell lines
originally derived from African American (MDA-PCa-2b) or Caucasian (LNCaP and DU-145) PCa patients.
Prostate tumor tissue had a 1.7-fold higher MICA expression relative to normal tissue (p < .0001). MICA im-
munoreactivity in PCa tissue from AAM was 24% lower (p= .002) compared to CAM. Survival analysis revealed
a marginal association of low MICA with poor overall survival (OS) (p= .058). By data mining analysis, a 2.9-
fold higher level of MICA mRNA was evidenced in tumor compared to normal tissue (p < .0001). Tumors from
AAM had 24% lower levels of MICA mRNA compared to tumors from CAM (p= .038), and poor prognosis was
found for patients with lower MICA mRNA (p= .028). By flow cytometry analysis, cell fraction positive for
surface MICA was of 3% in MDA-PCa-2b cells, 54% in DU-145 cells, and 67% in LNCaP cells (p < .0001). sMICA
was detected in DU-145 and LNCaP cells, but was not detected in MDA-PCa-2b cells. Both LNCaP and DU-145
cells were sensitive to cytolysis mediated by Natural killer (NK) cells. MDA-PCa-2b cells, however were between
1.3-fold at 10:1 Effector:Target (E:T) ratio (p < .0001) and 2-fold at 50:1 E:T ratio (p < .0001) more resistant
to NK-mediated cytolysis relative to cells from Caucasian origin.

These results suggest that MICA expression may be related to the aggressive nature of PCa. Our findings also
demonstrate for the first time that there are variations in MICA expression in the context of racial differences.
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This study establishes a rationale for further investigation of MICA as a potential race-specific prognostic marker
in PCa.

1. Introduction

According to American Cancer Society, prostate cancer (PCa) is the
second most common cause of cancer death in American men, with an
estimated 174,650 new cases and 31,620 deaths in 2019 (Siegel et al.,
2019). Race has been reported as one of the risk factors for PCa with
African American Men (AAM) having a 60% higher incidence than
Caucasian American Men (CAM) (Rebbeck et al., 2013). Not only is the
incidence of PCa greater in AAM, but the percentage of cases of ad-
vanced metastatic PCa, mortality rate, tumor growth, transformation
rate, and prostate-specific antigen (PSA) levels are increased in AAM
compared to CAM (Rebbeck et al., 2013). This evidence suggests the
contribution of biological influences to racial disparity between AAM
and CAM (Gillard et al., 2018; Karakas et al., 2017; Ali et al., 2018).

MHC class I polypeptide-related sequence A (MICA) is a trans-
membrane protein expressed in cells under stress or infected by pa-
thogens such as fungi, bacteria or viruses (Zwirner et al., 2006). Surface
MICA binds to the C-type lectin NKG2D receptor, present in natural
killer (NK) cells and some subtypes of CD8+ T lymphocytes, leading to
release of cytolytic mediators, such as perforin, granzymes and inter-
feron gamma (Bauer et al., 1999; Blery and Vivier, 2018; Lopez-Soto
et al., 2015). Overexpression of MICA in tumors plays an important role
in immunosurveillance by interacting with and activating NK cells
(Zwirner et al., 2006). However, aggressive tumors developed a
strategy to cleave MICA from the membrane of tumor cells into the
soluble form of MICA (sMICA) (Salih et al., 2002; Chitadze et al.,
2013b). Following shedding, sMICA impairs the activation of NK and
CD8+ T cells by binding and internalization of the NKG2D receptor,
allowing the tumor to survive and proliferate (Zwirner et al., 2006;
Lopez-Soto et al., 2015). In agreement with a mechanism of tumor
immunoevasion mediated by the shedding of MICA, previous studies
have correlated a better prognosis for patients with higher levels of
MICA expression in the tissue from different types of cancer (Okita
et al., 2016; Watson et al., 2006; Tsukagoshi et al., 2016). Reports re-
lated to the involvement of MICA expression and clinical outcomes in
PCa are limited. Wu et al. in 2004, reported on the association between
aggressive PCa and higher levels of sMICA in serum as well as a defi-
ciency in NKG2D-mediated NK cell function in advanced PCa (Wu et al.,
2004).

Due to the reported involvement of MICA on tumor immunoevasion
(Blery and Vivier, 2018; Zwirner et al., 2006; Chitadze et al., 2013a),
the limited data regarding its involvement in PCa, and the lack of in-
formation about its contributing role to race disparities in PCa, we
evaluated its expression in a cohort composed of AAM and CAM PCa
patients. Additionally, we measured the expression of MICA in racially-
diverse PCa cell lines. Our study illustrates the novelty of racial dis-
parity in the expression of MICA and establishes the field for further
investigation of MICA as a potential race-specific marker in PCa.

2. Material and methods

2.1. Specimens

This study was developed at the University of Mississippi Medical
Center (UMMC), Jackson, MS, USA. The protocol for the utilization of
patient data, and donor-derived specimens was approved by the
Institutional Review Board. Prostatectomy-derived specimens and
clinicopathological data were obtained from the pathology files and
independently reviewed by a pathologist. Clinicopathological char-
acteristics included age, race, different pathologic categories, Gleason
score (GS), prostate-specific antigen (PSA) at surgery, pathologic tumor

(pT) stage based on criteria defined in the Cancer Staging Manual of the
American Joint Committee on Cancer (AJCC), 8th Edition. Additional
clinicopathological characteristics included capsule invasion, lymph
node metastasis, and surgical margins.

2.2. Tissue microarrays

Formalin-fixed paraffin-embedded (FFPE) primary tumors were se-
lected for Tissue Microarray (TMA) construction based on the verified
histopathological diagnosis. For a TMA (N=30), 2mm cylindrical
cores from each selected tumor and normal tissue adjacent to the tumor
site of the primary FFPE block were selected. For another TMA,
(N=22) we selected 2mm cylindrical cores from the tumor site of the
primary FFPE block. Selected cores were transferred to the composite
paraffin blocks to construct the TMA blocks which were then sectioned
at 5 μm thickness for immunohistochemistry (IHC) analysis.

2.3. Immunohistochemistry

IHC was performed according to manufacturer's instructions pro-
vided in ABC Kit (Vector Laboratories Inc., Burlingame, CA). The FFPE
TMA sections were deparaffinized and rehydrated, followed by antigen
retrieval with a citrate buffer (pH 6.0) for 20min. Endogenous perox-
idase activity was quenched with 3% hydrogen peroxide for 10min and
unspecific bindings were blocked with Protein Block Serum-Free (Cat
X0909, Dako, Santa Clara, CA) for 12min and 10% normal serum for
1 h at room temperature. Next, the slides were then incubated with
rabbit primary polyclonal antibody against MICA in 1:25 dilution (Cat#
PA5–35346, Thermo Scientific, Waltham, MA) overnight at 4 °C. After
the phosphate-buffered saline (PBS) wash, the slides were incubated
with components of the ABC kit, and with 3, 3-diaminobenzidine (DAB)
for color development. Finally, slides were counterstained in hema-
toxylin and mounted.

2.4. Data analysis of IHC

Evaluation of IHC was independently performed by two members of
the research team and a board-certified pathologist, blinded to the
specific diagnosis or prognosis for each individual case. A modified
version of the “quickscore” method was utilized to analyze MICA cy-
toplasmic staining intensity (Detre et al., 1995). The intensity of
staining was scored on a scale from 0 (absence of staining) to 3 (strong
brown color staining). The area of staining was scored on a scale from 0
(0%) to 3 (100%) according to the percentage of positively stained
regions in relation to the total cancer area. The product of intensity x
area was defined as a combined staining score which ranged from 0 (no
expression) to 9 (maximum expression).

2.5. Data mining

Oncomine (Rhodes et al., 2004) was used to access MICA mRNA
levels in normal prostate tissue and tumors, including racially-diverse
datasets (GSE6099 (Tomlins et al., 2007) and GSE6956 (Wallace et al.,
2008)). PROGgeneV2 (Goswami and Nakshatri, 2014) allowed for
survival analysis in PCa patients associated to mRNA levels of MICA
(GSE16560 (Sboner et al., 2010)).

2.6. Cell culture

Human PCa cell lines LNCaP (ATCC® CRL-1740), DU-145 (ATCC®
HTB-81), and MDA-PCa-2b (ATCC® CRL-2422) were purchased from
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ATCC (Manassas, VA). LNCaP and DU-145, Caucasian-derived PCa cells
(Horoszewicz et al., 1983; Cunningham and You, 2015; Stone et al.,
1978), were cultured in phenol-red RPMI-1640 supplemented with 10%
heat-inactivated fetal bovine serum (FBS) (Cat# 35011CV Corning,
Corning, NY). MDA-PCa-2b cells, of African American origin (Navone
et al., 1997; Woods-Burnham et al., 2017) were cultured in F-12 K
medium (Cat# 30–2004, ATCC®, Manassas, VA) supplemented with
20% FBS (Cat# 35011CV Corning), cholera toxin (Cat# C8052, Sigma-
Aldrich, St. Louis, MO), epidermal growth factor (Cat# E4127, Sigma-
Aldrich), o-phosphoethanolamine (Cat# P0503, Sigma-Aldrich), hy-
drocortisone (Cat#H0888, Sigma-Aldrich), selenous acid (ACROS Or-
ganics, Cat# AC19887), bovine insulin (Cat# I6634, Sigma-Aldrich).
We genotyped all cell lines prior to experiments, by Short Tandem
Repeat (STR) DNA fingerprinting (BioSynthesis Inc., Lewisville, TX).
Cells were mycoplasma-free following the detection with the MycoA-
lert™ Mycoplasma Detection Kit (Cat# LT07-218, Lonza, Allendale, NJ).
Cells were routinely cultured at 37 °C in humidified air enriched with
5% CO2.

2.7. Flow cytometry

Cells were harvested using CellStripper Dissociation Reagent (Cat#
25056CI, Corning). 500,000 cells were incubated with mouse anti-
MICA (0.25 μg/106 cells, Cat# MAB1300, R&D Systems, Minneapolis,
MN) in 1% FBS-PBS for 1 h at 4 °C, washed three times with 1% FBS-
PBS, incubated with Alexa Fluor® 477 goat anti-mouse (1:4000; Cat# A-
11001 Thermo Fisher Scientific) in 1% FBS-PBS for 30min at 4 °C,
washed three times with 1% FBS-PBS, resuspended in 500 μl, trans-
ferred to a 5ml polystyrene round-bottom tube, and analyzed by BD
Accuri™ C6 (BD Biosciences, San Jose, CA).

2.8. Enzyme-linked immunosorbent assay

Cells (30,000 cells/cm2) were cultured under standard conditions.
After 48 h, the supernatant was collected, and cells were counted using
a hemocytometer. The level of sMICA in the supernatant was measured
using the Human MICA DuoSet ELISA kit (Cat# DY1300, R&D Systems).
Plates were read at BioTek Synergy 2, Multi-Mode Microplate Reader
(BioTek, Winooski, VT). sMICA release rate was calculated dividing the
sample concentration by the total number of cells per well, and ex-
pressed as pg sMICA/ml/106cells.

2.9. NK cell cytotoxic activity

PCa cells (15,000 cells/cm2) were plated into 96-well plates (target
cells). NK cells (effector cells) were isolated from healthy donors' per-
ipheral blood using the EasySep™ Human NK Cell Isolation Kit (STE-
MCELL Technologies, Vancouver, BC) and added in different
Effector:Target (E:T) ratios (10:1, 20:1, and 50:1) for 8 h. The level of
cytotoxicity of NK cells towards PCa cell lines was determined in a
methylthiazolyldiphenyl-tetrazolium (MTT) viability assay, as pre-
viously reported (Zhu et al., 2018). Briefly, 20μl methylthiazolyldi-
phenyl-tetrazolium bromide (5mg/ml, Cat# P-1380, Boston Bioproduct
Inc., Ashland, MA) was added to each well and incubated for 4h. The
produced formazan crystals were dissolved in DMSO and absorbance
was measured using the BioTek Synergy 2, Multi-Mode Microplate
Reader. The cell viability was calculated as (ODT-ODB)-(ODE-ODB)/
ODC-ODB, where ODT is the optical density of the treatment group,
ODE is the optical density of an effector only control, ODC is the optical
density of a target only control, and ODB is the optical density of a
DMSO blank control.

2.10. Statistics analysis

Descriptive data are presented as medians, percentages, and means.
Standard deviation (SD) or standard error of the mean (SEM) are used

to express variability. Associations between categorical variables were
analyzed using SAS 9.4 (SAS Inc., Cary, NC) and GraphPad Prism
(GraphPad Software, La Jolla, CA). Two-sided p values were de-
termined via Kruskal-Wallis, Chi-Square, or Fisher's exact tests. Overall
survival was analyzed by the Kaplan-Meier method and log-rank tests
for univariate analysis. Ex vivo and in vitro experiments were performed
in triplicate. A comparison of MICA expression between the cell lines
was analyzed by a two-way Analysis of variance (ANOVA). For all
analyses, the level of significance was set at p < .05.

3. Results

3.1. Patients

A total of 52 patients were included in the study. From these pa-
tients, 30 had matching normal tissue adjacent to tumor tissue and 22
patients had only tumor tissue. Clinical and pathological characteristics
are presented in Table 1. Mean age of patients was 60 ± 6.3
(59 ± 5.7 years for AAM and 60 ± 6.9 years for CAM, p= .500),
mean PSA value at the time of surgery was 13.5 ± 23.6 ng/ml
(16.2 ± 31.5 ng/ml for AAM and 10.6 ± 9.6 ng/ml for CAM,
p= .400). Sixty percent of patients had GS≤ 7 (3+ 4) and 40% had
GS≥7 (4+ 3). Distribution of GS was not different between AAM and
CAM (p= .089). The pathologic information that was available for
most specimens included pT stage (100%), the presence or absence of
extra capsular extension (94%), surgical margin status (90%), and the
presence or absence of lymph node metastasis (90%). The frequency of
these parameters was not different between AAM and CAM. Average
time of patient follow up was 58 ± 35months (49 ± 36 months for

Table 1
Clinicopathological characteristics of patients.

Characteristics Total African
Americans

Caucasian
Americans

p value

Age
Mean, years ± SD 60 ± 6.3 59 ± 5.7 60 ± 6.9 0.500b

Median, years (IQR) 60 (57–63) 60 (56–63) 60 (57–62)

PSA at surgery (ng/ml)
Mean, value ± SD 13.5 ± 23.6 16.2 ± 31.5 10.6 ± 9.6 0.400b

Median, value (IQR) 7 (4.6–10.1) 7 (4.6–9.2) 6.7
(4.6–13.4)

Gleason score, number (%)
≤ 7 (3+4) 31 (60) 19 (37) 12 (23) 0.089c

≥ 7 (4+3) 21 (40) 7 (13) 14 (27)

Pathologic tumor stagea, number (%)
pT2 35 (67) 18 (34) 17 (32)
pT3a 10 (19) 5 (10) 5 (10)
pT3b 5 (10) 2 (4) 3 (6) 0.973d

pT4 2 (4) 1 (2) 1 (2)

Extracapsular extension, number (%)
Positive 12 (23) 7 (13) 5 (10)
Negative 37 (71) 18 (35) 19 (36) 0.707d

Unknown 3 (6) 1 (2) 2 (4)

Surgical margins, number (%)
Positive 8 (15) 3 (6) 5 (10)
Negative 39 (75) 19 (36) 20 (38) 0.313d

Unknown 5 (10) 4 (8) 1 (2)

Lymph node metastasis, number (%)
Positive 8 (15) 4 (8) 4 (8)
Negative 39 (75) 19 (36) 20 (38) 0.893d

Unknown 5 (10) 3 (6) 2 (4)
Average patient follow

up, months ± SD
58 ± 35 49 ± 36 65 ± 34 0.078b

a Based on American Joint Committee on Cancer (AJCC), 8th Edition.
b t-test.
c Fisher's Exact test.
d Chi-Square test.
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AAM and 65 ± 34 months for CAM, p= .078).

3.2. MICA expression in tissue from PCa patients

Analysis of normal tissue adjacent to tumor tissue stained with a
polyclonal serum against MICA was performed in our in-house TMAs.
MICA expression was detected in the cell surface but mostly within the
cytoplasm. For the purpose of this analysis, only cytoplasmic staining
was considered. In normal prostate tissue, MICA was found in the
acinar glands and less frequently in the stroma (Fig. 1A). Interestingly,
basal cells had stronger staining intensity compared to tubuloacinar
cells within the gland. In prostate tumor, MICA expression was more
evident in the glandular cells, while the stroma had low staining
(Fig. 1B). In normal prostatic epithelium, the mean combined staining
score was 3.4 ± 0.3 (Fig. 1C). Relative to normal tissue, MICA ex-
pression (mean combined staining score of 5.6 ± 0.3) was significantly
increased in tumors by 1.7-fold (p < .0001, Fig. 1C). Subcellular lo-
calization of MICA was not different between AAM and CAM (Figs. 2 A-
D). Expression of MICA in normal tissue between the two groups had no
significant difference, as noted by mean combined staining score of
3.1 ± 0.5 in AAM, and mean combined staining score of 3.8 ± 0.3 in
CAM (Fig. 2E). An increase in MICA expression from normal tissue
compared to that from tumor was observed in both AAM and CAM (1.6-
fold and 1.7-fold increase, respectively). MICA expression however, was
reduced by 24% (Fig. 2E) in tumor tissue from AAM (mean combined
staining score of 4.9 ± 0.3) relative to tumor from CAM (mean com-
bined staining score of 6.5 ± 0.4) (p= .002).

3.3. Correlation between MICA expression and clinical parameters

Patients were divided into two categories of low and high MICA
tumor expression based on the optimal cutoff point calculated as the
value with the most significant log-rank test split (5.4 for combined
staining score). Correlations between the two groups and clinical fea-
tures were calculated using Kruskal-Wallis, Chi-Square, or Fisher's exact
test (Table 2). Low MICA immunostaining was associated with the AAM
race (p= .046). There was no significant association of MICA expres-
sion with patients' age (p= .780), GS (p= .555), pT stage (p= .716),
presence of lymph node metastasis (p=1.000), surgical margin status

(p= .245), presence of extracapsular extension (p= .456), or pre-sur-
gical PSA (p= .089). High expression of MICA was significantly asso-
ciated with PSA > 7 (p= .011) in CAM (Table 3).

3.4. Association between expression of MICA and survival

Kaplan-Meier survival analysis with log-rank tests revealed that low
MICA was marginally associated (p= .058) with poor OS (Fig. S1). In a
complementary analysis, Oncomine was searched for MICA mRNA le-
vels in the Tomlins dataset GSE6099 (Tomlins et al., 2007) (Fig. 3A)
and revealed an increased level of MICA mRNA in PCa relative to
normal prostate by 2.9-fold (p < .0001). Regarding expression of
MICA in the context of race, the Wallace dataset (GSE6956) (Wallace
et al., 2008) revealed lower MICA mRNA levels in AAM compared to
CAM (24% reduction, p= .038, Fig. 3B). Using PROGgeneV2, we re-
trieved and analyzed the Sboner dataset (GSE16560) (Sboner et al.,
2010). Values above the mean were considered high. Those below the
mean were considered low. The analysis revealed significantly poorer
prognosis for patients with low MICA mRNA levels relative to those
with high MICA mRNA (p= .028) (Fig. 3C). Survival analyses asso-
ciating MICA expression levels, race, and OS were not significant (Fig.
S2).

3.5. Expression of MICA in racially-diverse PCa cells

Due to the different MICA tumor expression between AAM and
CAM, we next studied its expression in racially-diverse PCa cell lines.
LNCaP and DU-145 PCa cells are from Caucasian origin (Horoszewicz
et al., 1983; Stone et al., 1978; Russell and Kingsley, 2003), while MDA-
PCa-2b PCa cells are derived from an African American man (Navone
et al., 1997). By flow cytometry analysis (Fig. 4A), LNCaP cells had the
highest fraction of cells positive for MICA (66.7%), followed by DU-145
(53.7%), and MDA-PCa-2b cells (3.3%). Median fluorescence intensity
(MFI) decreased in concordance with the fraction of cells expressing
MICA [LNCaP (2.78×104) > DU-145 (1.54× 104) > MDA-PCa-2b,
(1.30×104)] (Fig. 4B). The release rate of sMICA into the supernatant
was assessed by ELISA analysis (Fig. 4C). The release rate of sMICA in
LNCaP cells was 54.3 pg/ml/106cells. DU-145 cells had significantly
increased sMICA release rate compared to LNCaP cells (162.4 pg/ml/

Fig. 1. IHC staining of MICA in tissues from PCa
patients. (A) Expression of MICA in normal tissue
adjacent to tumor prostate tissue, is mostly observed
in the basal cells of the gland, with weak staining in
the luminal epithelial cells. (B) PCa tissue has
stronger staining intensity overall. (C) The mean
distribution of MICA combined staining in normal
tissue is reduced compared to mean distribution in
PCa tissue. Original magnification, 400x.
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106cells, p < .0001). MDA-PCa-2b cells did not show detectable levels
of sMICA (Fig. 4C).

3.6. NK cells cytotoxic activity in racially-diverse PCa cells

The interaction of NKG2D receptor and MICA present on the surface
of NK cells and tumor cells triggers NK-mediated cytolysis (Bauer et al.,
1999). As each studied PCa cell line had distinct expression of MICA, we
wanted to compare their ability to activate NK cells. We incubated PCa
cell lines (T), with NK cells (E), in different E:T ratios. For the 10:1 E:T
ratio, cell viability of MDA-PCa-2b cells (1.0 ± 0.0) was 1.4-fold
higher relative to cell viability of DU-145 (0.7 ± 0.1) and LNCaP
(0.7 ± 0.0) cells (p < .0001). The race-specific difference in cell via-
bility (1.6-fold, p < .0001) was maintained at the 20:1 E:T ratio
[(MDA-PCa-2b cells (1.1 ± 0.1), DU-145 cells (0.7 ± 0.0), and LNCaP
cells (0.6 ± 0.0)], and even increased to>2.2-fold (p < .0001) at the
50:1 E:T ratio. At the 50:1 E:T ratio, both LNCaP and DU-145 presented
a 17% (p= .020) and 28% (p= .0002) decrease in their cell viability
compared to 10:1 E:T ratio, respectively. In contrast, MDA-PCa-2b cells

had a significant increase (1.3-fold, p < .0001) in their viability com-
pared to the 10:1 E:T ratio (Fig. 5).

4. Discussion

AAM have a higher incidence and mortality rate due to PCa com-
pared to other races (Rebbeck et al., 2013; DeSantis et al., 2019). The
biologic factors responsible for this disparity have yet to be fully elu-
cidated. To date, a few studies have examined differences in tumor
biology between AAM and other races (Vijayakumar et al., 2017;
Karakas et al., 2017; Gillard et al., 2018; Dias et al., 2013). In our
current study we: (a) Explored the clinical significance of MICA ex-
pression in PCa; (b) Showed differential expression of MICA between
AAM and CAM; and (c) Evaluated race-related expression of MICA in
vitro using PCa cells from diverse racial origin.

A number of articles based on gene expression highlight the con-
tribution of the stroma as site of race-specific aggressive changes in
specific tumor sites (Andersen et al., 2018; Levesque and Nelson, 2018).
Our results however, suggest that compared to stroma, tumor is the

Fig. 2. IHC staining of MICA in AAM and CAM PCa patients. Expression of MICA in normal adjacent to tumor prostate tissue (A) and tumor (B) from AAM. Expression
of MICA in normal adjacent to tumor prostate tissue (C) and tumor (D) from CAM. (E) MICA expression is increased in tumor compared to normal adjacent to tumor
in both races. AAM present lower expression of MICA in relation to CAM tumors (p= .014). Original magnification, 400x.
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primary source of MICA expression in PCa (Fig. 1). Most of the cur-
rently available literature referring to tumor expression of MICA is
based on utilization of antibodies cross-reactive with MICB (MICA/B)
which is closely related to MICA (Gonzalez et al., 2006). Our findings
agree with reports in cholangiocarcinoma (Tsukagoshi et al., 2016),
hepatocellular carcinoma (Jinushi et al., 2003; Fang et al., 2014),
pancreatic tumors (Xu et al., 2011; Dambrauskas et al., 2014), thyroid
cancer (Xu et al., 2006), and gastric cancer (Ribeiro et al., 2016) which
found higher expression of MICA/B in tumors compared to normal
tissue. Our data also align with those from Wu et al., showing im-
munoreactivity of MICA/B in neoplastic prostates but not in benign
prostate glands (Wu et al., 2004). Fujita et al. however, reported no
expression of MICA/B by IHC in both normal prostate tissue and PCa
(Fujita et al., 2015). These discordant results may be secondary to
different specificity of the utilized reagents. Despite these differences,
our findings, using polyclonal antibodies specific to MICA are in
agreement with most of the literature suggesting high MICA expression
in tumors relative to normal epithelium.

We demonstrated that low tumor expression of MICA in PCa pa-
tients had marginal association with poor OS. Reports about MICA
expression by IHC and survival differ according to tumor sites. Similar
to our findings in PCa, Zhang et al. reported poor prognosis for patients
with hepatocellular carcinoma (Zhang et al., 2014). High MICA/B ex-
pression also predicted for favorable outcome in non-small cell lung
cancer (Okita et al., 2016) and cholangiocarcinoma (Tsukagoshi et al.,
2016). Our results showed that the correlation between low expression
of MICA and decreased overall survival approached statistical sig-
nificance (p= .058, Fig. S1). In order to evaluate the robustness of our
findings, we performed a data mining analysis using Oncomine and
PROGeneV2 to access the MICA mRNA levels in PCa studies (Fig. 3).

These bioinformatics tools have been extensively used by our group
(Butt et al., 2017) as well as other researchers (Liu et al., 2018; Zhou
et al., 2018) to demonstrate clinically relevant associations which are
directly related to the discovery and validation of molecular markers
for tumor aggressiveness (Woods-Burnham et al., 2018; Peng et al.,
2018). The data set (GSE6099) reported by Tomnlins (Tomlins et al.,
2007) included 23 non-tumor prostate samples and 28 PCa samples.
Oncomine analysis of these specimens revealed that MICA mRNA was
increased in PCa relative to normal epithelium. Moreover, as revealed
by PROGeneV2 analysis of the GSE16560 dataset composed of 281
patients (Sboner et al., 2010), low expression of MICA mRNA sig-
nificantly predicted for poor overall survival relative to high expression.
Despite the limited number of cases in our study, our findings support
the prognostic value of MICA in PCa. They also support the importance
of MICA in PCa pathogenesis and suggest its potential as a tumor bio-
marker.. Future studies including independent validation in larger co-
horts may shed additional light on this matter.

Of the clinicopathologic findings listed in Table 2, only race was
correlated with MICA expression which demonstrated reduced im-
munoreactivity in AAM compared to CAM. To our knowledge, race-
specific expression of MICA in carcinoma of the prostate or any other
tumor site has never been reported. Low tumor expression of MICA
predicts for the aggressiveness of tumors (Fang et al., 2014; Jinushi
et al., 2003; Watson et al., 2006; Xu et al., 2006; Liu et al., 2007; Xu
et al., 2011) and particularly in PCa tumors (our results). Race dis-
parities in PCa between AAM and CAM can be anticipated by biological
factors (Rebbeck et al., 2013; Ali et al., 2018), including mediators of
immune responses (Gillard et al., 2018; Karakas et al., 2017; Wallace
et al., 2008; Kinseth et al., 2014). Through its involvement in activation
of NK cells and elimination of tumor cells (Bauer et al., 1999; Zwirner
et al., 2006; Blery and Vivier, 2018), MICA plays a role in the me-
chanisms of tumor immunoevasion (Zwirner et al., 2006). This point is
currently understudied in the context of cancer disparities. Our findings
showing race-specific expression of MICA in PCa tumors pose an ex-
ample for differences in the functionality of the innate immune system,
possibly leading to aggressive clinical outcomes in AAM.

In the context of race, MICA expression did not show association
with OS (Fig. S2). This is likely due to low number of cases post stra-
tification by race and MICA combined staining score. However, the
trend showing an association between lower MICA expression with
poor OS was still observed in both AAM and CAM. MICA expression was
positively correlated to pre-surgical PSA level> 7 ng/ml in CAM
(Table 3). Previously, there is only one US-based report of MICA in PCa
patients (Wu et al., 2004). In this study evaluating the expression of
MICA in a small cohort of 23 PCa patients, it was demonstrated that
with increase in GS there was a shift in MICA tumor expression from the
glandular epithelium to the stroma. Additionally, significantly higher
levels of sMICA were seen in sera from patients with GS>7 at the time
of diagnosis (Wu et al., 2004). Our current study did not find such
changes in the histological distribution of MICA in relation to in-
creasing GS. Wu and colleagues found a correlation of higher levels of
sMICA in plasma with increased GS. Considering the differences within
the compartments of plasma in Wu's study and tumor tissue in our case,
the association between MICA expression and GS would warrant further
analysis due to its potential race-specific prognostic value.

Unfortunately for the scientific community studying cancer related
disparity, there is a scarcity of information regarding race in the pub-
lically available databases (Vijayakumar et al., 2017). Despite the
limited information available, we found significant race-specific dif-
ferences in the expression of MICA mRNA (Fig. 3B). Supportive of our
IHC findings, data mining using Oncomine for the Wallace dataset
(GSE6956), composed of 33 AAM and 36 CAM (Wallace et al., 2008),
revealed that tumors from AAM had lower transcripts of MICA relative
to tumors from CAM. We are aware of the limitations of using mRNA
information to validate the expression of MICA in our TMA IHC.
However, the data illustrate the utility of datasets in the investigation of

Table 2
Correlation of clinicopathologic findings with MICA expression in PCa patients.

MICA low MICA high p value

Race
African American 16 10 0.046c⁎
Caucasian American 10 16

Age a

≤ 60 years 15 14
> 60 years 11 12 0.780d

Gleason score
≤ 7 (3+4) 19 16 0.555e

≥ 7 (4+ 3) 7 10

Pathologic tumor stageb

pT2 19 16
pT3a 5 5 0.716e

pT3b 2 3
pT4 0 2

Lymph node metastasis
Negative 18 21 1.000e

Positive 4 4

Surgical margins
Negative 18 21 0.245e

Positive 6 2

Extracapsular extension
Negative 20 17 0.456d

Positive 5 7

Pre-surgical PSA
≤ 7 ng/ml 16 10 0.089d

˃ 7 ng/ml 9 15

a Age cut-off is based on observed median for both AAM and CAM (Table 1).
b Based on American Joint Committee on Cancer (AJCC), 8th Edition.
c Wilcoxon test.
d Chi-Square test.
e Fisher's Exact test.
⁎ p≤05.
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MICA expression in racially diverse populations. Although more work is
needed, the information obtained from our racially-diverse TMA com-
bined with the data obtained from available databases, indicates that
MICA expression is race-specific in PCa.

In an effort to develop a model system valuable in the study of the
contributing role of MICA in racial disparities in PCa, we explored

expression of MICA in PCa cell lines derived from both Caucasian
(LNCaP and DU-145) (Russell and Kingsley, 2003; Horoszewicz et al.,
1983) and African American (MDA-PCa-2b) (Navone et al., 1997) PCa
patients. Despite the limiting factor of having only one AAM derived
PCa cell line, which may not capture the continuum of AAM tumor
behavior, we found overall lower expression of baseline levels of MICA

Table 3
Correlation of clinicopathologic findings with MICA expression in PCa patients segmented by race.

African Americans p value Caucasian Americans p value

MICA low MICA high MICA low MICA high

Agea

≤ 60 years 9 5 6 9 1.000c

> 60 years 7 5 1.000c 4 7

Gleason score
≤ 7 (3+ 4) 13 7 0.644c 6 9 1.000c

≥ 7 (4+ 3) 3 3 4 7
PATHOLOGIC TUMOR STAGEb

pT2 12 6 0.309c 7 10 0.456c

pT3a 2 3 3 2
pT3b 2 0 0 3
pT4 0 1 0 1

Lymph node metastasis
Negative 11 8 1.000c 7 13 1.000c

Positive 3 1 1 3
Surgical margins
Negative 11 8 0.273c 7 13 0.358c

Positive 3 0 3 2

Extracapsular extension
Negative 13 5 0.205c 7 12 1.000c

Positive 3 4 2 3

Pre-surgical PSA
≤ 7 ng/ml 8 5 1.000c 8 5 0.011c⁎

> 7ng/ml 8 4 1 11

a Age cut-off is based on observed median for both AAM and CAM (Table 1).
b Based on American Joint Committee on Cancer (AJCC), 8th Edition.
c Fisher's Exact test.
⁎ p≤ .05.

Fig. 3. Expression of MICA mRNA levels in PCa pa-
tients. Gene expression analysis obtained from
Oncomine (A) Analysis of dataset GSE6099 (Tomlins
et al., 2007) reveals higher levels of MICA mRNA in
PCa compared to normal prostate tissue (p < .0001)
and GSE6956 (Wallace et al., 2008) (B) increased
MICA mRNA levels in CAM compared to AAM
(p= .038). (C) PROGgeneV2, was used to analyze
the MICA mRNA levels from the dataset from
GSE16560 (Sboner et al., 2010). Median value was
used to define high and low MICA. Survival dis-
tributions were compared using log-rank test. Pa-
tients with high levels of MICA mRNA had better
overall survival compared to patients with low levels
of MICA mRNA (p= .028).
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in MDA-PCa-2b cells relative to LNCaP and DU-145 cells (Fig. 4). MDA-
PCa-2b cells had the lowest fraction of cells positive for MICA, the
lowest MFI, and non-detectable release of sMICA to culture super-
natants (Fig. 4). MDA-PCa-2b cells have been regularly used by PCa
researchers (Cunningham and You, 2015). However, there is limited
information comparing them side-by-side with cells of Caucasian an-
cestry (Woods-Burnham et al., 2017; Woods-Burnham et al., 2018).
Although derived from different ethnic group, MDA-PCa-2b cells have
some similarities to LNCaP cells, including androgen sensitivity, wild
type p53, positivity for PSA, and benefit from Matrigel™ to increase
tumorigenesis in mice (Cunningham and You, 2015). Despite the si-
milarities, MDA-PCa-2b cells revealed a distinct profile in relation to
MICA expression. This may arise from some molecular features speci-
fically ascribed to AAM PCa such as NF-κB (Kinseth et al., 2014) and
heat shock proteins (Chaudhary et al., 2016) which are relevant for
MICA expression (Eagle et al., 2006). Additional research, such as the
evaluation of MICA expression in racially-diverse patient derived or-
ganoids or serially propagated patient-derived xenografts could probe
racial diversity and provide clinically-relevant evidence for a race-
specific contribution of MICA to PCa.

The literature reports sMICA as a negative regulator of NK cell ac-
tivity via blockage of the NKG2D receptor (Xu et al., 2011). We ob-
served NK cell activity in LNCaP and DU-145 cells (Fig. 5) which release

sMICA to culture supernatants (Fig. 4). In contrast, MDA-PCa-2b cells
which did not release sMICA to the medium were resistant to cytolysis.
This result suggests that sMICA levels secreted by LNCaP and DU-145
cells might not be sufficient for blocking NK cell activity or that surface
MICA might have higher impact associated to the resistance of MDA-
PCa-2b cells against NK cell cytotoxic activity. In support of this pre-
mise, we found a low fraction of MDA-PCa-2b cells positive for MICA
and reduced MFI compared to LNCaP and DU-145. Further studies are
necessary to confirm the specific contribution of MICA to the resistance
of MDA-PCa-2b cells to NK cell cytotoxic activity. For instance, future
assessment of the cytolytic activity of NK cells in MDA-PCa-2b cells
with controlled expression of MICA, with or without the presence of
blocking antibodies against the α1/α2 domains of MICA, involved in
the interaction with NKG2D receptor and activation of NK cells (Li
et al., 2001). These experiments will allow us to address MICA's role in
PCa, particularly in the context of race disparity. Future experiments
will also help to understand the contributing role of MICA to tumor-
igenesis on scope of its immunological functions.

5. Conclusions

The presented data suggest the relevance of MICA as a potential
prognostic marker for PCa patients. Our findings also provide evidence
of MICA as a race-specific marker with reduced expression in AAM and
establish an in vitro model to study the race-specific aspects of MICA
biology in PCa. As the interest in the use of NK cells in cancer therapy is
increasing (Lee et al., 2018; Suen et al., 2018), targeting MICA can be a
strategy for NK cell cytotoxicity enhancement (Ferrari de Andrade
et al., 2018). Our study contributes by revealing race-associated dif-
ference expression of MICA and provides an in vitro system which can
be used for further investigation on the premises of this disparity.
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(MFI), followed by DU-145, and MDA-PCa-2b cells.
(C) sMICA release rate was significantly increased in
DU-145 cells, while MDA-PCa-2b cells did not pre-
sent detectable levels. *p < .05 relative to LNCaP
cells. #p < .05 relative to MDA-PCa-2b cells.
n.d.= non-detectable.

Fig. 5. NK cell cytotoxic activity in racially diverse PCa cell lines. LNCaP and
DU-145 cells were more sensitive to NK cells killing relative to MDA-PCa-2b
cells. *p < .05 relative to same cell line at 10:1 Effector:Target (E:T) ratio.
#p < .05 relative to LNCaP or DU-145 at the same E:T ratio.
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