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Introduction: Dystroglycan (DG) is a cell surface
receptor for extracellular matrix proteins involved in
tissue mechanical stability and matrix organization.
Initial work has demonstrated that alpha-DG expression
is decreased in many types of adenocarcinoma, including
prostate, and potentially associated with the development
of metastatic disease. However, the consistency between
prostate and lymph node alpha-DG staining has not been
previously reported. In addition, identification of an
immunohistochemical marker associated with prostate
cancer grade, stage, need for adjuvant or salvage therapy
and mortality would have potential clinical value.

Materials and methods: Node positive, margin negative
radical prostatectomy specimens at a single institution
from 1982 to 2012 were reviewed and identified 35
prostate specimens, including 26 patients with available
tissue from both the primary prostatectomy and lymph
node specimens. The expression levels of the alpha-DG

subunit were analyzed using immunohistochemistry and
graded from 0 to 4. Survival was compared in different
staining pattern groups.

Results: Strength of alpha-DG staining was found to be
consistent between prostate and lymph node specimens
(p < 0.004). The median overall survival was shorter in
those without alpha-DG staining in the prostate compared
to those with positive staining, but this difference was
not statistically significant (13.2 years versus 19.4 years,
p =0.21). In addition, negative staining was associated
with higher mean PSA, pathologic T stage, Gleason grade
and the need for adjuvant or salvage therapy compared
to positive group but none reached statistical significance
(16.06 ng/mL versus 11.67 ng/mL, p = 0.79; 89% versus
68%, p = 0.38; 33.3% versus 23.1%, p = 0.66; 88.9%
versus 76.9%, p = 0.44).

Conclusions: DG expression by immunohistochemistry
staining was consistent between prostate and metastatic
lymph node specimens. In a small cohort of prostate cancer
patients with margin negative but node positive disease,
DG staining was not associated with Gleason grade or
with overall mortality.
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Introduction
Prostate cancer is the second-most common cause of

cancer death in men in the United States, accounting
for 9% of cancer deaths in 2018." Despite this mortality
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risk, the ability to predict aggressive disease and the
optimal sequence and timing of therapy remains
limited.*® The most important clinical prognostic
factors used for prostate cancer are serum PSA
,pathologic stage, and Gleason score.®” These
factors, however, are limited in their ability to predict
mortality, and extreme-risk groups have not been
universally defined.® In patients undergoing radical
prostatectomy, patients with positive regional lymph
nodes have a poor prognosis compared to node
negative prostate cancer patients ; however, treatment
with adjuvant androgen deprivation therapy or
radiation therapy remains controversial.” Additional
prognostic information beyond standard pathologic
assessment would be of value in patient counseling
and decision making.

Dystroglycan (DG) is a cell surface receptor for
extracellular matrix proteins thatis involved with the
mechanical stability of tissue and matrix organization.
DG is composed of two subunits: the glycosylated
alpha subunit, which is covalently bonded to the
transmembrane beta subunit. It has been shown
that alpha-DG expression and glycosylation is
decreased in many adenocarcinomas including
prostate adenocarcinoma.'™” Alpha-DG expression is
frequently assessed by staining with the monoclonal
antibody IIH6, which detects glycosylation of alpha-
DG that is essential to the function of DG and its
binding to extracellular matrix proteins.’®' Loss of
apha-DG expression in metastatic disease suggests
a potential role for DG and other matrix protein
organization in the disease process outside of the
primary organ site,'" with the hypothesis that DG
is an important physical or biochemical barrier
in the maintenance of epithelial cell integrity and
the prevention of metastasis. To date, decreased
alpha-DG expression has been associated with
increased mortality in renal, gastric, and pancreatic
adenocarcinomas;'*'7?* however, its impact on
survival in patients with prostate cancer has not been
definitively evaluated.

The purpose of our study was to examine the
expression of DG in patients who underwent radical
prostatectomy and were identified to have lymph node
positive prostate cancer. The study hypotheses were
that DG expression on immunohistochemistry would
be consistent between prostate specimens and lymph
node specimens, and that decreased DG expression
would be associated with greater architectural
distortion and more aggressive disease — thus an
elevated preoperative serum PSA, greater pathologic T
stage, higher Gleason score, increased use of adjuvant/
salvage therapy and mortality.
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Materials and methods

Study cohort

Institutional Review Board approval for the study
was obtained. An institutional pathology database
was examined to identify 74 patients from 1982 to
2012 who underwent radical prostatectomy, either
open or robotic, with lymph node positive disease
and available pathologic specimens. The impact of
local recurrence from a positive surgical margin is a
potentially confounding factor when evaluating the
outcomes of patients with lymph node positive disease;
therefore, the study cohort was limited to patients with
negative surgical margins, which created a final study
cohort of 35 prostatectomy patients. Twenty-six of
35 prostatectomy specimens had lymphadenectomy
specimens available.

Retrospective chart review was performed to identify
patient and disease characteristics. Pathological staging
was performed according to the TNM classification
of the 7* edition of the American Joint Committee on
Cancer Staging Manual.® Low (Gleason score < 7)
grade and high(> 7) grade Gleason score was assigned
according to the International Society of Urological
Pathology consensus classification.?

Dystroglycan immunohistochemistry

Expression of alpha-DG was judged by intensity of
immunohistochemical staining. Immunohistochemical
analysis was performed with anti-alpha-DG
monoclonal antibody IIH6 (1:100, Santa Cruz
Biotechnology) on routinely processed, formalin-fixed,
paraffin-embedded tissues emptying an avidin-biotin
complex immunoperoxidase technique. A total of 7
am sections were cut from biospecimens and dewaxed
then rehydrated in a microwave with 0.3 hydrogen
peroxide in methanol for 30 minutes. Slides were
then reviewed by a genitourinary pathologist who
was blinded to the clinical characteristics (PSA) and
outcomes. Prostate specimen alpha-DG scoring was
done by a single genitourinary pathologist according
to a system whereby 0 is negative and 1 to 4 is positive
with higher numbers corresponding to more DG
expression on immunohistochemistry. For lymphnode
metastases, samples were scored as either positive or
negative for membranous staining with the antibody.
In several cases, the metastatic foci were no longer
present in the deeper levels for immunostaining. In
patients with multiple positive lymph nodes, only one
node with the largest metastatic focus was stained.

Study outcomes
Patients were followed with PSA testing during
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regularly scheduled post-prostatectomy clinic visits.
Node positive patients were treated with various
postoperative regimens including initial surveillance
(77.1%) or androgen deprivation therapy (22.9%) with
(14.3%) or without (8.6%) radiation therapy in the
adjuvant setting (within 12 weeks of surgery). During
follow up, 20 additional patients (57.1%) received
androgen deprivation therapy with (28.6%) or without
(28.6%) radiation therapy. Overall, 28/35 (80%) of our
cohort received additional therapy in the adjuvant or
salvage setting. The primary outcome was overall
survival, which was assessed by chart review and
use of an institutional oncology registry. The latter
Oncology Registry at the Holden Comprehensive
Cancer Center has been in place throughout the study
period and annually reviews patients for vital status via
a combination of chart review, patient contact, review
of death index data, and newspaper obituary review.
Overall survival was defined as the time from surgery
until date of last follow up or death with censoring of
patients who were alive on the date of last follow up.
The median and mean follow-up time for our cohort
after radical prostatectomy patients was 10.3 years and
9.96 years respectively.

The number of patients managed with surveillance
alone was not adequate to evaluate the outcome of
biochemical recurrence. In addition, some patients
followed locally after surgery so the outcome of
metastasis could not be reliably assessed in all patients.

Statistical analysis

Associations between the two staining groups and their
clinical characteristics were compared using the Fisher’s
exact test, ANOVA, and chi-square test. Consistency

between DG expression on immunohistochemistry
on prostate and lymph node staining was calculated
using Fisher’s exact test. Survival probabilities by
the DG staining group were estimated and plotted
using the Kaplan-Meier method. Differences between
survival curves were compared using the log-rank
test. All statistical testing was two-sided and assessed
for significance at the 5% level using SAS v9.4 (SAS
Institute, Cary, NC, USA).

Results

Descriptive statistics for patients with prostate
staining
Atotal of 35 prostatectomy specimens were reviewed.
Patient characteristics are summarized in Table 1.
Mean age of diagnosis was 61 years (range 50-74), and
mean PSA was 12.8 ng/mL. Nine of the 35 patients
were pathologic stage T2, 25 were stage T3 and 1 was
unknown. Gleason score ranged from 7 to 9 with the
majority being Gleason 7 (26/35) with some patients
with Gleason score 8 (3/35) and Gleason score 9 (7/36).
Expression of alpha-DG was evaluated in all 35
specimens. Twenty-six of 35 (74%) specimens stained
positive, and 9 of 35 (26%) stained negative. The alpha-
DG negative staining cohort was of numerically greater
mean PSA, pT3 stage, and high (> 7) Gleason score, but
none reached statistical significance, (p > 0.05, Table 1).

Descriptive statistics for patients with lymph node
staining

Expression of alpha-DG subunit in the lymph nodes
was evaluated using immunohistochemistry staining
for all 26 available specimens, Table 2. Sixteen of

TABLE 1. Descriptive statistics for all patients with node-positive margin-negative prostate cancer (n = 35)

Characteristics Negative staining Positive staining p value
(n=9) (n =26)
Mean age (years) 61.8 60.57 0.52
Mean PSA (ng/mL) 16.06 11.67 0.79
Stage
p12 1 8 0.39
pT3 8 17
Gleason grade, %
Low (<7) 66.6 76.9 0.66
High(>7) 33.3 23.1
Additional therapy,%
Yes 88.9 76.9 0.44
No 11.1 23.1
10056 © The Canadian Journal of Urology™,; 26(6); December 2019
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TABLE 2. Descriptive statistics for all patients with node-positive margin-negative prostate cancer and lymph

node specimens (n = 26)

Characteristics Negative staining
(n =10)
Mean age (years) 63.6
Mean PSA (ng/mL) 13.44
Stage
pT2 2
pT3 8
Gleason grade, %
Low 70
High 30

Positive staining p value
(n=16)

58.57 0.07
11.88 1.00

3 1.00

12

81 0.64

19

26 (62%) specimens stained positive, and 10 of 26
(38%) stained negative. Comparison of both groups
found no statistically significant difference in age,
preoperative PSA, pathologic stage, Gleason score and
adjuvant or salvage therapy (p > 0.05 for all, Table 2),
although Gleason grade and pathologic T stage were
numerically greater in the dystroglycan negative
staining groups.

Consistency between prostate and lymph node
dystroglycan staining

For the group that had both prostate and pelvic lymph
node specimens available (n = 26), DG staining was
concordant in 21 of 26 (81%), with positive in both
(n = 16) or negative in both (n = 5). When prostate
staining was negative (n =5), the lymph node staining
was always negative. However, when prostate
staining was positive (n = 21), 16 of 21 (76%) lymph
node specimens also stained positive while 5 of 21
(24%) samples had negative lymph node staining.
This consistency between the primary tumor and
its respective lymph node was confirmed to be
statistically significant using Fisher’s exact test (Table 3,
p < 0.004). Immunohistological concordance
demonstrated in Figure 1.

Survival outcomes

Association of prostate alpha-DG staining with
mortality

Overall, 13 out of the 35 total patients died during
follow up. The median survival was shorter in the
negative staining group compared to the positive
staining group, but the difference was not statistically
significant (Figure 2, 13.2 years versus 19.4 years,
p =0.21). Adjusting grouping of DG groups (0-1 versus
2-4) did not alter conclusions (data not shown).

Association of lymph node alpha-DG staining with
mortality

Overall, 11 out of the 26 patients with lymph node
tissue available died during follow up. The median
survival was similar between the positive and negative
staining lymph node groups (Figure 3, 13.2 years
versus 12.0 years, p = 0.90).

Discussion
DG s a transmembrane adhesion glycoprotein expressed

in a wide variety of tissues. Most of the data available
about its role in epithelial cells relates to the process of

TABLE 3. Correlation between prostate and lymph node alpha-DG immunohistochemistry staining in patients
with node-positive margin-negative prostate cancer (n = 26)

Lymph node
positive
Prostate positive 16
Prostate negative 0
Total 16

Fisher’s exact test, (p < 0.004)

Lymph node Total
negative

5 21

5 5

10 26
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Figure 1. Concordance between prostate and matched
lymph node using alpha-DG immunohistochemistry
staining after radical prostatectomy in node-positive
margin-negative prostate cancer.

tumor invasiveness and metastasis. It, therefore, may
play an important role in tumor development by altering
the interactions between cells and the surrounding
matrix® and contribute to progression to metastatic
disease. Loss of DG expression has been reported as a
feature in many cancer types, including prostate, renal,
breast, gastric, pancreatic, and colon cancer.'*"*17 In
addition, Increased mortality has been reported with
loss of DG expression in renal, gastric, and pancreatic
tumors'”?and decreased expression in prostate cancer
was associated with higher grade disease," but to our
knowledge, the association between decreased DG
expression and prostate cancer mortality had not been
conclusively evaluated. We, therefore, evaluated DG ina
cohort of men who had undergone radical prostatectomy
with pelvic lymph node dissection and identified to have
node positive disease. Immunohistochemical analyses
of the alpha-DG subunit in this series of human primary
prostate cancers demonstrated concordance between
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Figure 2. Overall survival after radical prostatectomy
in node-positive margin-negative prostate cancer
based on prostate alpha-DG immunohistochemistry
staining (positive vs. negative) (p = 0.21).
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Figure 3. Overall survival after radical prostatectomy
innode-positive margin-negative prostate cancer based
on lymph node alpha-DG immunohistochemistry
staining (positive vs. negative) (p = 0.90).

prostate specimens and metastatic lymph nodes and
that detection of alpha-DG in the primary tumor is
largely predictive of staining in the lymph nodes (100%
and 76% correlation for alpha-DG negative and positive
tumors, respectively).

Since immunohistochemistry staining is used
routinely in both research and clinical medicine,
there would be value in a prostate cancer marker
associated with survival. Patients with node positive
prostate cancer are a specific treatment dilemma as
there is substantial variation in outcomes and lack
of high-quality evidence to guide management. As
a result, NCCN guidelines include the options of
observation or androgen deprivation therapy with
or without external beam radiation therapy.” An
immunohistochemical stain, or other biomarker, which
could predict for response to radiation therapy, would
be of clinical value.

In this study, decreased alpha-DG staining was
not associated with a statistically significant decrease
in survival. However, there was numerically shorter
survival in patients with negative dystroglycan staining
by 6.2 years, so it is possible a type 2 error (false
negative) based on the sample size is present. However,
our findings suggest that DG staining is unlikely to have
a clinically significant impact in patient counseling or
treatment decision making. Miller and colleagues, in
a study performed at our institution, demonstrated
within a cohort of 65 renal adenocarcinoma patients that
survival was worse in patients with decreased alpha-DG
expression.? Jiang X]J et al included 53 patients with
pancreatic adenocarcinoma and showed poor survival
in patients with lower apha-DG expression."” Similarly,
Shen et al evaluated survival in 20 patients with gastric
adenocarcinoma and showed that decreased alpha-DG

© The Canadian Journal of Urology™,; 26(6); December 2019



expression was associated with poor survival.'* Prostate
cancer’s more indolent nature, even in the setting of
lymph node involvement, may necessitate a larger
cohort with a longer follow up in order to demonstrate
a significant difference, if present.

In addition, as we hypothesized, mean preoperative
serum PSA, pathologic T stage, Gleason grade, adjuvant
therapy use and mortality were numerically greater in
the dystroglycan negative staining groups. However,
these findings did not meet statistical significance,
possibly due to limited numbers. In contrast, a previous
study done at our institution with a cohort of 135
prostate cancer patients demonstrated a statistically
significant inverse correlation between Gleason score
and DG staining." We believe that dystroglycanisnota
perfect biomarker but may have some predictive value
in identifying prostate cancer aggressiveness.

Our limited sample number and mortality events
prohibits the ability to perform multivariate analysis,
however on univariate analysis all variables analyzed
were found to be similar between both groups.
Additionally, sample size limits analysis of the full range
of adjuvant or salvage therapy. A larger, likely multi-
institutional, prospective study to more definitively
evaluate the role for alpha-DG staining in prostate
cancer, and specifically lymph node metastatic prostate
cancer, would likely be of value. In addition, patients
were treated based on standards of care at the time, and
detailed data on metastasis and disease-specific survival
are not available. We view this as an opportunistic
evaluation of dystroglycan staining in an institutional
cohort that identified consistent alpha-DG staining
between prostate and lymph node but did not find
a marked impact of alpha-DG on predicting overall
survival or histology.

Conclusions

Alpha-DG expression by immunohistochemistry
staining was consistent among the majority of prostate
cancer specimens and their corresponding lymph node
metastatic specimens. However, in this small cohort of
prostate cancer patients with margin negative but node
positive disease, DG staining was not associated with
statistically significant worsening in prostate cancer
grade, stage or overall mortality. U
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