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Background: Ductal adenocarcinoma (DAC) of the prostate is an uncommon histologic subtype
whose prognostic factors and immunoprofile have not been fully defined. Methods: To define its
prognostic factors and immunoprofile, the clinicopathological features, including biochemical
recurrence (BCR), of 61 cases of DAC were analyzed. Immunohistochemistry was performed on
tissue microarray constructs to assess the expression of prostate cancer-related and mammalian
target of rapamycin (mMTOR) signaling-related proteins. Results: During the median follow-up period
of 19.3 months, BCR occurred in 26 cases (42.6%). DAC demonstrated a wide expression range
of prostate cancer-related proteins, including nine cases (14.8%) that were totally negative for
pan-cytokeratin (PanCK) immunostaining. The mTOR signaling-related proteins also showed diverse
expression. On univariate analysis, BCR was associated with high preoperative serum levels of
prostate-specific antigen (PSA), large tumor volume, predominant ductal component, high Gleason
score (GS), comedo-necrosis, high tumor stage (pT), lymphovascular invasion, and positive surgical
margin. High expressions of phospho-mTOR (p-mTOR) as well as low expressions of PSA, phos-
pho-S6 ribosomal protein (pS6) and PanCK were associated with BCR. On multivariable analysis,
GS, pT, and immunohistochemical expressions of PanCK and p-mTOR remained independent
prognostic factors for BCR. Conclusions: These results suggest GS, pT, and immunohistochemical
expressions of PanCK and p-mTOR as independent prognostic factors for BCR in DAC. Since
DAC showed diverse expression of prostate cancer-related proteins, this should be recognized
in interpreting the immunoprofile of DAC. The diverse expression of mTOR-related proteins impli-
cates their potential utility as predictive markers for mTOR targeted therapy.
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Ductal adenocarcinoma (DAC) is an uncommon histologic
subtype of prostate cancer, accounting for 3.2% of prostate cancer
cases.' DAC is usually combined with acinar adenocarcinoma
(AAC), while its pure form comprises only 0.2%—-0.4% of prostate
cancers.' DAC is defined by large papillary or cribriform glands
lined by tall pseudostratified columnar cells with prominent nucleoli,
coarse chromatin, and mitotic figures, which are unusual for
AAC." DAC is histologically similar to endometrioid adenocar-
cinoma of the female genital tract,” and thus it was initially described
as “endometrial carcinoma of the prostatic utricle” in 1967.” In
addition, the histologic features are overlapping with adenocarci-
nomas of other organs, such as the gastrointestinal tract and lung.

DAC often presents at an advanced stage, frequently with
metastasis.’ Metastatic spread of DAC occurs commonly in the
bone and lymph nodes, similar to AAC. DAC also metastasizes
to unusual sites for ACC, such as the lung, liver, and rarely penis,
testis, and skin."” When DAC presents as a metastatic disease,
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it poses a diagnostic challenge because of its overlapping features
with adenocarcinomas of other organ sites." In such cases, ancillary
studies, like immunohistochemistry, may help make the differential
diagnosis. However, the immunoprofile of DAC remains to be
defined.

Prostate cancer is dependent on persistent androgen receptor
(AR) signaling, which is obtained by overexpression, amplification,
point mutations, and splice variants of AR. There are additional
signaling pathways implicated in prostate cancer progression,
among which the phosphoinositide 3-kinase (PI3K)/AKT/
mammalian target of rapamycin (mTOR) pathway is notable
because it is altered in nearly all advanced prostate cancers.’
These findings suggest targeting both AR and PIBK/AKT/mTOR
pathways as a new therapeutic approach in castration-resistant
prostate cancer.” However, an immunohistochemical expression of
the mTOR signaling pathway in DAC has not yet been reported.

In an effort to expand our understanding of this rare subtype
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of prostate cancer, we examined the clinicopathological features
of 61 cases of DAC and their immunoprofiles of prostate cancer-
related and mTOR pathway-related proteins. Specific attention
was paid to define prognostic factors for biochemical recurrence
(BCR) and potential predictive markers for mTOR inhibitors.

MATERIALS AND METHODS

Study samples

This retrospective study initially included 87 cases that underwent
radical prostatectomy for clinically localized prostate cancer and
were pathologically diagnosed as DAC between January 1995
and December 2015 at Asan Medical Center (Seoul, Republic
of Korea). None of these cases were treated with neoadjuvant
androgen deprivation therapy. A total of 26 cases were excluded
for the following reasons: 16 cases were reassessed as AAC during
retrospective review; nine cases were excluded either because
the tumor tissue was too small to construct two representative
cores of tissue microarray (TMA) or because formalin-fixed par-
affin-embedded tissue blocks were unavailable; and one case was
excluded because clinical follow-up data was not available. As
such, 61 cases of DAC were included in the final analysis.

Patients’ clinicopathological information was obtained from
electronic medical records and surgical pathology reports. BCR
was defined as a serum prostate-specific antigen (PSA) level >0.2
ng/mL on two consecutive occasions after achieving undetectable
PSA following radical prostatectomy.” All pathologic materials
were reviewed for diagnostic reassessment according to the 2016
World Health Organization Tumor Classification.' Gleason score
(GS) and pathologic tumor stage (pT) were assigned according to
the 2015 modified Gleason grading system and the American
Joint Committee on Cancer Staging System, seventh edition,
respectively."* This study was approved by the Insticutional Review
Board of Asan Medical Center with a waiver of informed consent

(2011-0499).

TMA construction

A TMA construct of 2-mm-diameter cores was generated from
the 10% neutrally buffered formalin-fixed, paraffin-embedded
tissue blocks of radical prostatectomy specimens using a tissue
microarrayer (Quick-Ray, Unitma Co. Ltd., Seoul, Korea). Two
representative cores from different DAC areas were included for
each case.

Immunohistochemistry

Prostate cancer—related proteins analyzed in this study included
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pan-cytokeratin (PanCK), PSA, AR, enhancer of zeste homolog 2
(EZH?2), p53, and ETS-related gene (ERG). Phosphatase and
tensin homolog (PTEN), phospho-mammalian target of rapamycin
(p-mTOR), phospho-S6 ribosomal protein (pS6), and 14-3-3
sigma protein were included as mTOR pathway—related proteins.
Immunohistochemical staining was performed using an auto-
mated staining system (BenchMark XT, Ventana Medical Systems,
Tucson, AZ, USA). The primary antibodies used in this study,
their dilutions, and the subcellular location of each antigen are
summarized in Table 1. Nuclei were counterstained with hema-
toxylin. Representative expression patterns of these proteins are
presented in Fig. 1.

The immunohistochemical staining results were assessed in
the DAC component only by two pathologists (S.U.J. and A.
K.K.), both of whom were blinded to the associated clinicopatho-
logical information. The staining intensity of the antibodies was
initially scored as negative, weak, moderate, or strong. Cases with
moderate to strong intensity were regarded as positive, and then
the average percentage of positive cells in all cores was recorded.

Immunohistochemistry on whole section

To exclude the issues of intratumoral heterogeneity, immuno-
histochemistry was performed on whole sections of one negative
case, one intermediate case, and one positive case for each anti-
body. In addition, to exclude technical problems, such as poor
formalin-fixation of radical prostatectomy specimens, immuno-
histochemistry for PanCK was performed on whole sections of
all PanCK-negative cases.

Table 1. Antibodies used in the study

' I Subcellular
Antibody Dilution Company location
PanCK 1:400 Leica, Newcastle, UK Cytoplasm
PSA 1:200 Dako Corp., Carpinteria, CA  Cytoplasm
AR 1:200  Cell Marque, Rocklin, CA Nucleus
ERG 1:100  Epitomics, Burlingame, CA Nucleus
p53 1:1500 Dako Corp., Carpinteria, CA  Nucleus
EZH2 1:25 Cell Signal Technology, Nucleus

Beverly, MA
PTEN 1:100  Cell Signal Technology, Cytoplasm/nucleus
Beverly, MA
p-mTOR 1:100  Cell Signal Technology, Cytoplasm
Beverly, MA
pS6 1:100  Cell Signal Technology, Cytoplasm
Beverly, MA
14-3-3sigma 1:200  Sigma, St. Louis, MO Cytoplasm

PanCK, pan-cytokeratin; PSA, prostate-specific antigen; AR, androgen re-
ceptor; ERG, ETS-related gene; EZH2, enhancer of zeste Homolog2;
PTEN, phosphatase and tensin homolog; p-mTOR, phospho-mammalian
target of rapamycin; pS6, phospho-S6 ribosomal protein.
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Statistical analysis
For descriptive statistics and univariate analyses, all continuous

data were expressed as meanz+standard deviation and were com-

Table 2. Clinicopathological features of 61 cases of ductal adeno-
carcinoma

Variable Value
Age (yr) 68.0+5.6
Preoperative PSA (ng/mL) 11.7+£10.3
Total tumor volume (%) 28.5+215
DAC component (%) 48.3+32.5
Predominant component

Ductal 32 (52.5)

Acinar 29 (47.5)
Predominant DAC pattern

Papillary 48 (78.7)

Cribriform 9(14.7)

PIN-like 4(6.6)
Gleason score

7 20(32.9)

8 29 (47.5)

9 12 (19.7)
Pathologic tumor stage

pl2a-c 17 (27.9)

pT3a 29 (47.5)

pT3b 15 (24.6)
Tertiary grade 5 12 (19.7)
Comedonecrosis 17 (27.9)
Extraprostatic extension 42 (68.9)
Lymphovascular invasion 26 (42.6)
Perineural invasion 52 (85.2)
Positive surgical margin 41(67.2)
Seminal vesicle involvement 15 (24.6)
Lymph node metastasis 3(4.9)
Biochemical recurrence 26 (42.6)
Death 2(3.3)

Values are presented as mean+SD or number (%).
PSA, prostate-specific antigen; DAC, ductal adenocarcinoma; PIN-like,
prostatic intraepithelial neoplasia-like; SD, standard deviation.

?‘ :gz?i &Y /"@ s :
Fig. 1. Representative cases with strong intensity of each immunohistochemical staining: pan-cytokeratin (A), prostate- specmc antigen (B),

androgen receptor (C), ETS-related gene (D), p53 (E), enhancer of zeste homolog 2 (F), phosphatase and tensin homolog (G), phospho-
mammalian target of rapamycin (H), phospho-S6 ribosomal protein (l), and 14-3-3 sigma (J).
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pared using Student’s t tests. The optimal cut-off value of the
protein expression was calculated from the receiver operating
characteristic (ROC) curve analysis. Categorical data were com-
pared with the chi-square test. BCR was estimated using the
Kaplan-Meier method and the resulting curves were compared
by log-rank test. In order to minimize the exclusion of variables
that are important in this study, all variables with p-values of <.1
in the univariate analysis were included in the multivariate analysis,
for which the Cox proportional hazards model was used. The ovetlap-
ping variables were excluded in the multivariate analysis. Inde-
pendent variables were chosen by the stepwise method. p-values
of <.05 were considered statistically significant.

RESULTS

Clinicopathological features of DAC

The clinicopathological features of the 61 DAC cases are summa-
rized in Table 2. The median age at the time of radical prostatec-
tomy was 68 years (range, 51 to 77 years), with a median preoper-
ative serum PSA level of 11.7 ng/mL (range, 0.6 to 66.4 ng/mL).
The mean total tumor volume was 28.5% (range, 2% to 95%),
in which the DAC component occupied 48.3% on average (range,
5% to 100%). Four cases (6.5%) were pure DAC. Among histologic
DAC patterns, the papillary pattern was the most common (48
cases, 78.7%), followed by cribriform pattern (nine cases, 14.7%)
and prostatic intraepithelial neoplasia-like pattern (four cases,
6.6%). A significant proportion of the cases were of high grade
(GS 28: 41 cases, 67.2%) with accompanying comedo-necrosis
in 17 cases (27.9%). The majority of the cases were of high stage
(pT3: 44 cases, 72.1%) with frequent extraprostatic extension
(42 cases, 68.9%), lymphovascular invasion (26 cases, 42.6%),
positive surgical margin (41 cases, 67.2%), and seminal vesicle
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Table 4. Correlation between expression of mTOR signaling-related proteins and clinicopathological features of DAC
p-mTOR 14-3-3 sigma pS6 PTEN
Low High p-value  Intact Loss p-value Low High p-value Intact Loss  p-value
No. of cases 46 (75.4)  15(24.6) 25(41.0) 36(59.0) 39(639) 22(36.1) 37 (60.7) 24(39.3)
Age (yn) 67.8 68.7 589 69.6 66.9 .066 66.5 68.9 109 68.7 66.8 197
B61-77)  (59-76) (B4-77)  (51-76) (54-76)  (51-77) (59-77)  (51-75)
PSA (ng/mL) 11.6 12.0 .883 14.7 9.6 .088 141 10.3 .166 13.4 9.1 106
(0.6-66.4) (3.7-31.3) (0.6-66.4) (1.8-32.8) (0.6-66.4) (0.3-31.3) (3.4-66.4) (0.6-30.3)
GS .307 .298 105 T47
7 15(32.6)  5(33.3 11 (4400  9(25.0) 12(30.8)  8(36.4) 11(29.7)  9(37.5)
20 (435  9(60.0) 10 (40.0) 19 (52.8) 22(56.4) 7(31.8) 19(51.4) 10 (41.7)
9 11239 1(6.7) 4(16.0) 8(222) 5(12.8)  7(31.8) 7(189)  5(20.8)
pT .138 426 .790 .051
Toa—c 12(26.1)  5(33.3 8(320) 9(25.0) 12(30.8) 5(22.7) 8(21.6) 9(37.5
T3a 25 (54.3) 4(26.7) 13 (62.0) 16 (44.4) 18 (46.2) 11 (50.0) 16 (43.2) 13 (54.2)
T3b 9(19.6)  6(40.0) 4(16.0) 11(30.6) 9(23.1)  6(27.3) 13(35.1)  2(8.3)
LI 813 .730 737 .903
Absent 26(56.5) 9 (60.0) 15(60.0) 20 (55.6) 23(59.0) 12 (54.5) 21(56.8) 14 (58.9)
Present 20 (43.5) 6 (40.0) 10 (40.0) 16 (44.4) 16 (41.00 10(45.5) 16 (43.2) 10(41.7)
Comedonecrosis .905 574 .605 687
Absent 33(71.7) 11(73.3) 19(76.0) 25 (69.4) 29 (74.4) 15(68.2 26(70.3) 18(75.0)
Present 13(28.3)  4(26.7) 6(24.0) 11(30.6) 10(25.6) 7(31.8) 11(29.7)  6(25.0)
Positive RM 224 076 .904 942
Absent 173700 3(20.0) 5(20.0) 15(@41.7) 13(33.3)  7(31.8 12(32.4)  8(33.3)
Present 29(63.0) 12(80.0) 20(80.0) 21(58.3) 26(66.7) 15(68.2) 25(67.6) 16(66.7)
LN metastasis .310 782 919 .320
Absent 43(935)  15(100) 24(96.0) 34 (94.4) 37949 21(95.5) 36(97.3) 22(91.7)
Present 3(6.5) 0 1(4.0) 2 (5.6) 2(5.1) 1(4.5) 12.7) 2(8.3)

Values are presented as number (%) or median (range).

Cut-off for each protein is as follows: >40% for high expression of p-mTOR, <80% for loss of 14-3-3 sigma, >10% for high expression of pS6, and <85% for

loss of PTEN.

mTOR, mammalian target of rapamycin; DAC, ductal adenocarcinoma; p-mTOR, phospho-mammalian target of rapamycin; pS6, phospho-S6 ribosomal pro-
tein; PTEN, phosphatase and tensin homolog; PSA, prostate-specific antigen; GS, Gleason score; pT, pathologic tumor stage; LVI, lymphovascular invasion;

RM, resection margin; LN, lymph node.

involvement (15 cases, 24.6%).

During the median follow-up period of 19.3 months (range, 1
to 70 months), BCR occurred in 26 cases (42.6%) at a median
of 10.5 months (range, 1 to 44 months) after the surgery. Two
patients (3.3%) died, and one died of prostate cancer (1.6%).

Expression of prostate cancer-related proteins in DAC

The prostate cancer—related proteins showed diverse expressions
in DAC as shown in Fig. 2A. PanCK and PSA were heteroge-
neously expressed with a median value of 50% and 65%, respec-
tively (range, 0% to 100%). Furthermore, nine cases (14.8%)
were negative for PanCK and and two cases (3.3%) for PSA.
AR was expressed in all DAC cases with a heterogeneous pattern
and a median value of 85% (range, 10% to 100%). ERG expression
was not observed in most cases (54 cases, 88.5%) and only seven
cases (11.5%) showed focal or diffuse positivity. p53 and EZH2
were expressed at median values of 17.5% (range, 0% to 35%)
and 20% (range, 0% to 95%), respectively.

https://doi.org/10.4132/jptm.2017.06.02

Expression of mTOR signaling—related proteins in DAC

The mTOR signaling-related proteins also showed diverse
expressions in DAC, as shown in Fig. 2B. DAC cases showed a
high expression of PTEN (median, 100%) and a low expression
of p-mTOR (median, 15%) and pS6 (median, 15%). Eight cases
(13.1%) showed no immunoreactivity for PTEN. 14-3-3 sigma
was also expressed variably with a median value of 60% (range,
0% to 100%).

Immunohistochemistry on whole section

Tumor heterogeneity was evaluated by immunohistochemistry
using whole sections of one negative case, one intermediate case,
and one positive case for each antibody. Although there was a
slight variation in the cases of intermediate expression, a great
degree of similarity was observed in all cases, especially in negative
cases and entirely positive cases (data not shown). PanCK im-
munohistochemistry on whole sections of all PanCK-negative
cases on the TMA construct showed immunopositivity in normal

http://jpatholtm.org/
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Fig. 2. (A) Box and whisker plot with overlying scatterplot to visualize distributions of the immunoreactive tumor cell proportions against the
prostate cancer-related proteins in ductal adenocarcinoma. About 15% of the cases (9 of 61) exhibited a completely negative reaction for
pan-cytokeratin (PanCK). (B) The same plot to demonstrate the positive tumor cell proportions against the proteins related to the mammalian
target of rapamycin (MTOR) pathway. PSA, prostate-specific antigen; AR, androgen receptor; ERG, ETS-related gene; EZH2, enhancer of
zeste homolog 2; PTEN, phosphatase and tensin homolog; p-mTOR, phospho-mammalian target of rapamycin; pS6, phospho-S6 ribo-

somal protein.

prostatic glands and AAC areas as shown in Fig. 3. However,
PanCK was negative in eight cases among the nine cases; one
case showed focal (15%) immunopositivity on the whole section.
Therefore, technical problems were not an issue and the immuno-
histochemical data using the TMA construct were confirmed to
be representative.

Correlation of protein expression with clinicopathological
features

To define the prognostic significance of the prostate cancer-
related proteins and mTOR signaling—related proteins, a cut-off
expression value of each protein was determined according to
the ROC curve analysis for BCR (Tables 3, 4). The correlation
between expressions of prostate cancer-related proteins or mTOR
signaling—related proteins and clinicopathological features are
summarized in Tables 3 and 4, respectively.

Low expression of PanCK was associated with high pT (p =
.044), whereas high GS was associated with low expressions of
PSA and AR (p=.006 and p =.025, respectively) and high expres-
sion of p33 (p=.015). DAC cases with lymphovascular invasion
showed high expressions of ERG, p53, and EZH2 (p=.039, p=
.030, and p =.025, respectively) and low expression of PSA (p =
.041).

Prognostic factors for BCR in DAC

As shown in Table 5, among the clinicopathological features,
the univariate analysis showed that BCR was associated with
high preoperative serum PSA level (p <.001), large tumor volume

http://jpatholtm.org/

(p <.001), predominant ductal component (p=.021), high GS (p=
.004), comedo-necrosis (p = 0.015), high pT (p =.010), lympho-
vascular invasion (p =.002), and positive surgical margin (p =
.015). Among the protein expressions, high expressions of p-
mTOR and low expression of PSA and pS6 were associated
with BCR (p=.049, p=.022, and p =.033, respectively). Low
expression of PanCK showed borderline significance (p =.055).
On multivariable analysis, high GS (p <.001), high pT (p=.025),
low expression of PanCK (p =.007), and high expression of p-
mTOR (p =.002) remained independent prognostic factors for
BCR. The Kaplan-Meier survival curves of these four independent
prognostic factors are shown in Fig. 4.

DISCUSSION

Herein, we analyzed the clinicopathological features and immu-
noprofile of 61 cases of DAC. The results suggest GS, pT stage,
and immunohistochemical expressions of PanCK and p-mTOR
as independent prognostic factors for BCR. DAC demonstrated
wide expression ranges of prostate cancer—related proteins, which
should be recognized during interpretation of immunohistochem-
ical results of DAC. Since DAC demonstrated diverse expression
of mTOR-related proteins, these results cautiously suggest their
potential utility as predictive markers for mTOR-targeted therapy.

Although previous studies regarding the immunohistochemical
expression of DAC exist, they analyzed a small number of cases
and mostly focused on PSA and a few other prostate cancer-related
proteins.”"” Furthermore, they mostly presented the results as

https://doi.org/10.4132/jptm.2017.06.02
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Fig. 3. Pan-cytokeratin (PanCK) immunohistochemistry on whole section slides. All nine cases of PanCK-negative on tissue microarray (TMA)
were immunostained for PanCK on whole section, and then their scan view images were presented. PanCK was still negative in eight cases
(A-H) on the whole sections except one case (I), which showed focal (15%) immunopositivity (ductal adenocarcinoma, blue line; acinar ade-
nocarcinoma component, red line; normal prostate glands, black line; round empty space, TMA site).

positive, focally positive, or negative without an accurate range of
expression. One recent study analyzed a large number of cases (n=
60) and showed high expressions of AR, PSA, and PTEN and
low expression of ERG in 100%, 100%, 70.2%, and 38.3% of DAC
cases, respectively." Nevertheless, this present study is signifi-
cant because of the detailed description of the expression range
of each protein and the assessment of mMTOR pathway-associat-
ed protein in DAC for the first time. Furthermore, we identified
independent prognostic factors for BCR in DAC: GS, pT, and
immunohistochemical expressions of PanCK and p-mTOR.

On light microscopic examination, histologic differences are
apparent between DAC and AAC, but it appears that they are
similar at the molecular level as assessed by gene expression profile."
In line with this notion, DAC cases in this study showed high

https://doi.org/10.4132/jptm.2017.06.02

expression of AR and low expression of p33, similar to AAC.****
PanCK and PSA are drawing special attention among the prostate
cancer-related proteins. Even though PanCK and PSA have been
proven useful as an epithelial marker and a prostate lineage marker,
respectively, the present study showed that they were expressed
heterogeneously, including nine cases (14.8%) of PanCK-nega-
tive ones and two cases (3.3%) of PSA-negative ones. Previous
studies showed that AAC was also focally positive or even negative
for PanCK and PSA in a few cases (3.4% and 2%—7%, respectively),
similar to DAC in present study.”* Therefore, it is worth noting
that both DAC and AAC could be focally positive and even
negative for PanCK and PSA, especially in metastatic disease.

In AAC, fusions between the androgen-regulated transmem-
brane protease serine 2 gene (TMPRSS2) and the ERG gene are

http://jpatholtm.org/
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Table 5. Univariate and multivariable analyses of the effect of clinicopathological factors and immunohistochemical markers on biochemical

recurrence
Univariate analysis Multivariable analysis
Variable
HR 95% Cl p-value HR 95% Cl p-value
Age (yr) 1.010 0.941-1.083 .783 - - -
Preoperative PSA (ng/mL) 1.066 1.038-1.094 <.001 - - -
Total tumor volume (%) 1.029 1.013-1.047 <.001 - - -
Predominant component (ductal) 2.793 1.171-6.664 .021 = - -
Gleason score .004 <.001
7 1 1
8 12.04 1.588-91.21 016 15.020 1.946-115.941 .009
9 26.79 3.406-210.66 .002 26.937 3.227-224.851 .002
Pathologic tumor stage .010 .025
T2a—c 1 1
T3a 5.400 1.205-24.190 .028 4.270 0.890-20.487 .070
T3b 10.190 2.237-46.400 .003 8.288 1.617-42.494 .011
Comedonecrosis 2.618 1.202-5.702 .015 - -
Lymphovascular invasion 3.728 1.615-8.605 .002 - -
Positive surgical margin 4.473 1.341-14.930 .015 - -
Lymph node metastasis 0.616 0.082-4.624 .637 - -
PanCK (high expression) 0.453 0.202-1.016 .055 0.274 0.108-0.700 .007
ERG (high expression) 1.626 0.382-6.931 511 - -
p53 (high expression) 2.082 0.938-4.621 072 - -
AR (high expression) 0.728 0.291-1.821 498 - -
EZH2 (high expression) 2.012 0.901-4.490 .088 - -
PSA (high expression) 0.360 0.151-0.861 .022 - -
p-mTOR (high expression) 2.266 1.004-5.117 .049 5184 1.829-14.704 .002
14-3-3 sigma (loss of expression) 1.457 0.633-3.356 376 - -
pS6 (high expression) 0.431 0.199-0.935 .033 - -
PTEN (loss of expression) 0.680 0.302-1.532 .352 - -

HR, hazard ratio estimated by Cox proportional hazards regression model; Cl, confidence interval of the estimated HR; PSA, prostate-specific antigen;
PanCK, pan-cytokeratin; ERG, ETS-related gene; AR, androgen receptor; EZH2, enhancer of zeste homolog 2; p-mTOR, phospho-mammalian target of ra-
pamycin; pS6, phospho-S6 ribosomal protein; PTEN, phosphatase and tensin homolog.

present in approximately 40%—50% of cases, where ERG immu-
nohistochemistry correlates well with fusion-positive cancer.”***
In the Korean population, the ERG-positive rate by immuno-
histochemistry was 24.4%, which is lower than those of Western
population-based studies.”*’ Interestingly, Japanese population-
based studies also showed low ERG-positive rates, similar to
Korean population. These findings suggest that geographic
variation may contribute to the lower rates of ERG-positive
cases in Eastern Asian prostate cancer patients.”’ Since only seven
cases (11%) were positive for ERG in the present study, it appears
that the ERG-positive rate is even lower in DAC than in AAC.
EZH?2 is the catalytic subunit of the polycomb repressive
complex (PRC2) responsible for conducting histone methylation.
It is important in cell cycle regulation and has a role in tumor
cell proliferation and invasive growth.” High expression of
EZH?2 in AAC has been associated with aggressive clinicopath-
ological features, such as GS >8, extraprostatic extension, positive

http://jpatholtm.org/

surgical margins, and BCR.” In contrast to AAC, EZH2 expres-
sion was not associated with BCR in DAC by univariate and
multivariable analyses, although it was correlated with poor
prognostic clinicopathological features, such as comedo-nectosis,
high pT, and lymphovascular invasion.

The mTOR pathway responds to diverse environmental cues,
such as amino acids, stress, oxygen, energy, and growth factors,
and it controls many biologic processes that generate or use large
amounts of energy and nutrients.”” mTOR signaling impacts
most major cellular functions, giving it an important role in reg-
ulating basic cellular behaviors, such as cellular growth and prolif-
eration.”’ Overactivation of mMTOR signaling contributes to the initi-
ation and development of many types of cancers, including prostate
cancet, suggesting that mTOR inhibitors, such as sirolimus, everoli-
mus, and temsirolimus, might lead to an improved patient survival.”
However, the identification of biomarkers that predict which
tumors will respond to mMTOR inhibitors remains an unmet need.

https://doi.org/10.4132/jptm.2017.06.02
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Fig. 4. Kaplan-Meier survival curves of four independent prognostic factors on biochemical recurrence. The Kaplan-Meier survival curves
are well-established according to Gleason score (GS) and pT stage (A, B). The prognosis is worse with less than 50% expression in pan-cy-
tokeratin (PanCK) staining (C), and with more than 40% expression in phospho-mammalian target of rapamycin (p-mTOR) staining (D).

As one of the diverse upstream regulators of the mTOR
pathway, PTEN encodes a phosphatase that dephosphorylates
phosphatidylinositol-3,4,5-trisphosphate (PIP3), a second mes-
senger in the PI3K—protein kinase B (PKB) signaling pathway.*”
By negatively regulating the PI3K/PKB signaling pathway, it
functions as a tumor suppressor. PTEN loss activates PI3K, which
then activates not only mTOR complex 1 (mMTORC1) by activating
AKT, but also mTORC?2 directly.” The m-TORC1 and mMTORC2
complexes are composed of mTOR and several common and
unique proteins, allowing those different sensitivities to upstream
regulators and diverse downstream output.”’ Many stresses,
including low energy and oxygen levels and DNA damage, act
through tuberous sclerosis 1 (TSC1) and 2 (TSC2), which are key

https://doi.org/10.4132/jptm.2017.06.02

upstream regulators of mMTORCI. Adenosine monophosphate-
activated protein kinase (AMPK), in response to hypoxia or a low
energy state, phosphorylates TSC2 and communicates directly
with mTORC], leading to 14-3-3 binding.” The binding of 14-
3-3 proteins, including 14-3-3 sigma on mMTORC1, may promote
mTORCI signaling under growth factors, but also contributes
to the regulatory mechanisms that suppress mTORCI activity
under conditions of cell stress.** mTORCI also directly phos-
phorylates and activates ribosomal S6 kinase 1 (S6K1), of which
the target substrate is the S6 ribosomal protein (pS6), which has
been used as a surrogate for mTORCI activity.”” Phosphorylation
of S6 induces protein synthesis in the ribosome.”

Few studies have been conducted on the mTOR signaling

http://jpatholtm.org/
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pathway as a predictive marker in prostate cancer. In a clinical
study to evaluate everolimus in castration-resistant prostate cancer,
probably AAC type, deletion of PTEN assessed by fluorescence
in sitn hybridization was found in seven of 23 tumor samples and
associated with longer progression-free survival and response.
However, they argued that immunohistochemical expressions
of PTEN, pS6, p-mTOR, and ERG were not predictive. To the
best of our knowledge, the present study is the first one to assess
mTOR pathway-associated proteins in DAC where mTOR-related
proteins are diversely expressed. Therefore, it would be interesting
to define the usefulness of these proteins as predictive markers
of mTOR inhibitors in DAC.

Although our present study examined a relatively large number
of DAC cases, it had some limitations, including its retrospective
design and the fact that all patients came from a single institution.
Most cases were combined with AAC but the AAC component
was not evaluated for immunohistochemical expression of pros-
tate cancer- and mTOR signaling—related proteins. Since this
present study showed GS, pT stage, and immunohistochemical
expressions of PanCK and p-mTOR as independent prognostic
factors, multi-institutional studies are necessary to validate the
clinical utility of the results. Furthermore, remarkable advances
in investigative tools, such as genomic microarray technologies
and next-generation sequencing, may help find novel prognostic
and predictive biomarkers. Therefore, efforts should be made to
identify more accurate markers by integrating newly discovered
biomarkers. Although mTOR-related proteins were cautiously
suggested as immunohistochemical predictive markers for mTOR
inhibitors, this result should be confirmed by immunohistochemi-
cal staining on whole section. It is also obvious that the assump-
tion is still premature and should be investigated through a pro-
spective clinical study.
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