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Antidiabetic drugs influence molecular mechanisms in prostate cancer
Andreas Pirchera, Martin Zieherb, Andrea Eigentlerb, Renate Pichlerb, Georg Schäferc, Josef Fritzd, Martin Puhrb,
Eberhard Steinerb, Wolfgang Horningerb, Helmut Klockerb, and Isabel Heideggerb

aDepartment of Internal Medicine V, Hematology and Oncology, Medical University Innsbruck, Austria; bDepartment of Urology, Medical University
Innsbruck, Austria; cDepartment of Pathology, Medical University Innsbruck, Austria; dDepartment of Medical Statistics, Informatics and Health
Economics, Medical University, Innsbruck, Austria

ABSTRACT
Background: We investigated the role of diabetes mellitus (DM) and the molecular mechanisms of
antidiabetic drugs in prostate cancer (PCa).
Patients and Methods: 167 patients with both DM and PCa underwent radical prostatectomy (RPE). We
divided our patient collective into “metformin” users, “insulin” users, “other antidiabetic drug” users and
those with “no antidiabetic drug/diet only” (control group) and analyzed differences in PCa aggressive-
ness and laboratory parameters among treatment groups. In addition, we generated a tissue-micro-array
(TMA) from RPE specimens for the analysis of candidate target pathways of antidiabetic drugs by
immunohistochemistry (IHC).
Results: Gleason score of both biopsy and RPE, biopsy undergrading, tumor stage as well as positive
resection margins did not significantly change among groups. Preoperative body mass-index, PSA, fPSA
and prostate volume/weight did not change among the treatment groups. As well, CRP, GOT, GPT, yGT,
LDH, amylase, hemoglobin, TSH, FT3 and FT4 did not differ. Metformin or insulin use was not associated
with changes in biochemical tumor recurrence or PCa specific mortality rates. However, tissue TMA
analyses by IHC showed decreased mTOR activation, as indicated by phospho-mTOR in cancer tissue of
patients with metformin and also with insulin use compared to the control group. In addition, we were
able to show that the androgen receptor and the epithelial-cell contact marker E-cadherin decreased
upon metformin use compared to the control group.
Conclusion: We did not find a connection between antidiabetic drugs and PCa aggressiveness or
progression. However, tumor biology seems to be different among patients with and without antidia-
betic drugs.
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Introduction

Prostate cancer (PCa) is the most common non-cutaneous male
cancer and the second-leading cause of cancer death amongmen
in European countries.1 However, the risk factors for PCa devel-
opment as well as the pathogenic mechanisms of initiation and
progression are still under intensive investigation.

Diabetes mellitus (DM) Type 2 that accounts for 90% of
DM is a metabolic disorder characterized by insulin resis-
tance and hyperinsulinemia leading to reduced responsive-
ness of the skeletal muscle, liver and adipose tissue to
insulin. Consequently, insulin levels increase to maintain
euglycemia.2 The biguanide metformin is the most common
prescribed oral antidiabetic drug used in patients with
moderately elevated HbA1c levels to re-sensitize to insulin.
In patients with persistent hyperglycemia despite conse-
quent use of oral antidiabetics treatment by subcutaneous
insulin injections is the standard therapy used in clinical
routine.4

In the past few years, large epidemiological studies sug-
gested a link between DM and antidiabetic drugs and
several cancer entities including PCa (reviewed in4-7).

Preclinical data have shown antineoplastic effects of met-
formin resulting in growth inhibition through activation of
the AMPK pathway and downstream inhibition of the
mTOR pathway, blockade of the cell cycle progression as
well as attenuation of inflammation8-10. In addition, our
own group recently found11 that the androgen receptor
(AR), which is the key player in development, progression
and therapy of PCa,12 is suppressed upon metformin treat-
ment. However, current clinical data about metformin and
PCa are very contradictious. For example, a recent large
meta-analysis concluded that metformin is associated with
a significant reduction in the PCa cancer risk, but not in
all-cause mortality of patients with PCa.13

Previous studies have shown that insulin stimulation
increases cell proliferation of PCa cells in-vitro.14

However, clinical and epidemiological reports on the
impact of insulin on PCa incidence and aggressiveness
are still very conflicting as summarized in a recent
Cochrane analysis by Chen et al.15 Furthermore, there are
conflicting literature data regarding the influence of anti-
diabetic drugs on cancer recurrence rates.17,18
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To summarize, to date both the molecular and also the
clinical effects of antidiabetic drugs in PCa are still not com-
pletely unresolved. Therefore, the aim of the present study
was 1) to evaluate the impact of metformin and insulin treat-
ment on PCa aggressiveness in the clinical setting and 2) to
elucidate the molecular mechanisms of antidiabetic drugs in
radical prostatectomy (RPE) specimens of drug users. As there
are several studies showing preoperative biochemical standard
laboratory parameters to predict PCa prognosis,19,20 we also
elucidated the impact of its significance in our patient cohort.

Results

Patient characteristics

A total of 167 patients were included in the study. Among
them 32 (19.2%) were insulin users, 61 (36.5%) used metfor-
min and 27 (16.2%) other antidiabetic drugs. 47 patients
(28.1%) with pre-diabetic status defined by HbA1c ≤ 6.5%
(mean HbA1c 6.17%) but with no pharmacological treatment
were included in the study as control group.

Metformin was administered at dosages from 500 mg to a
maximum of 3000 mg per day depending on the side effects
and efficacy of the substance as antidiabetic drug. The dosage
was set up by the treating endocrinologist or general practi-
tioner (GP) and not changed due to study reasons, insulin
dosages were daily adapted on the present glucose levels
according to food intake.

Patient characteristics are summarized in Table 1. At the
time of RPE antidiabetic therapy was in line with standard
therapeutic efficacy measured by HbA1c levels (Table 1).

Biochemical parameters

As shown in Table 1 PSA (p = 0.409) and free PSA levels
(p = 0.575) as well as prostate volume (p = 0.088) did not
differ significantly among the patient groups. We further
investigated possible differences in preoperative laboratory
parameters including the inflammation parameter C-reactive
protein (CRP), liver function parameters like GOT (glutamat-
oxalacetat-transaminase), GPT (glutamat-pyruvat-transami-
nase, gamma-glutamyl-transferase (yGT), lactate-dehydrogen-
ase (LDH) and amylase. Moreover, hemoglobin as well as the
thyroid parameters TSH (thyreoidea-stimulating hormone)

and free thyroxine 3 and 4 (FT3 and FT4) were assessed.
However, our data did not reveal a significant difference of
all investigated parameters among the treatment group as
shown on Table 2.

Histopathology of tumor samples

Next we investigated, based on histopathological characteristics, if
antidiabetic drugs are associated with PCa aggressiveness in both
the biopsy and RPE specimen. Gleason scores of both biopsy and
RPE specimen are shown in Table 3 respectively. Analyzing differ-
ences in PCa aggressiveness we found no difference concerning
Gleason score of both biopsy (p = 0.932) and RPE specimen
(p = 0.212) among patients with antidiabetic drugs and the control
group (Table 3). In addition, biopsy under-grading or over-grad-
ing did not differ among the treatment groups (p = 0.251, Table 3).
Moreover, we investigated the pathological states of RPE speci-
mens and divided our patient cohort into two groups ≤ pT2c
(organ confined) versus ≥ pT3a (non-organ confined) (Table 3).
In linewith theGleason scores also pT stages of theRPE specimens
were not significantly different among the treatment groups
(p = 0.696). Also the surgical margins of the RPE specimens did
not differ among the treatment groups (p = 0.603) (Table 3).

Recurrence rates and pca specific mortality rates

Moreover, we aimed to analyze the long-term clinical courses of
patients after RPE. Among 147 patients (follow up of 20 patients
missing) 39 patients experienced a biochemical recurrence (BCR).
19.4% of insulin users, 23.1% of metformin users and 22.7% of
patients who consumed other antidiabetic drugs had a BCR, while
in the group of patientswith nomedication 38.1%of patients had a
BCR (p = 0.274). Analyzing the time to BCR we found no sig-
nificant differences among patients using antidiabetic drugs com-
pared to the control group. However, this could be due to a lack of
statistical power since the cumulative recurrence-free survival is
slightly worse in the nomedication group compared to the treated
patients from a mere descriptive point of view (Figure 1).

Long-term follow up revealed a BCR in 39 patients who
then underwent salvage radiation therapy. Of these patients
17 experienced a second recurrence and received hormonal
therapy subsequently. 10/17 patients of them progressed to a
metastatic castration resistant stage and were treated with

Table 1. Demographic Data.

Insulin
N = 32

Metformin
N = 61

Other Antidiabetics
N = 27

No DM-Medication
N = 47 Total p-value

Age years 64.52 63.12 67.12 63.68 64.19 0.031
± 6.00 ± 6.28 ± 5.23 ± 5.72 ± 6.02

BMI kg/m2 27.91 29.07 28.64 28.36 28.59 0.609
± 4.00 ± 4.03 ± 4.05 ± 3.74 ± 3.93

PSA ng/mL 7.30 7.09 8.26 6.97 7.27 0.409
± 5.17 ± 4.77 ± 5.56 ± 6.70 ± 5.55

fPSA % 13.58 13.24 14.64 13.29 13.52 0.575
± 4.67 ± 4.99 ± 5.75 ± 7.04 ± 5.60

HbA1c % 7.87 6.96 7.31 6.17 7.05 0.003
± 0.68 ± 0.95 ± 0.46 ± 0.59 ± 0.92

Prostate volume ml 39.78 45.34 47.14 36.70 41.80 0.088
± 12.67 ± 15.07 ± 17.06 ± 10.98 ± 14.39

Prostate weight g 44.24 46.67 47.76 41.28 44.21 0.672
± 18.98 ± 18.72 ± 22.06 ± 18.31 ± 19.03

Mean ± Standard Deviation; p-value from Kruskal-Wallis test for comparison between groups
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Table 2. Biochemical Parameters.

Insulin
N = 32

Metformin
N = 61

Other Antidiabetics
N = 27

No DM-Medication
N = 47 Total p-value

CRP mg/dL 0.40 0.28 0.51 0.29 0.34 0.930
± 0.47 ± 0.31 ± 1.14 ± 0.32 ± 0.56

GOT U/L 24.53 25.47 22.47 24.04 24.44 0.790
± 10.45 ± 11.16 ± 9.22 ± 8.98 ± 10.15

GPT U/L 23.73 28.78 22.53 27.54 26.60 0.348
± 9.74 ± 14.87 ± 13.10 ± 12.87 ± 13.51

γGT 50.35 46.62 43.58 67.70 51.34 0.351
U/L ± 50.74 ± 29.51 ± 29.65 ± 57.24 ± 41.31

LDH 246.67 168.63 171.69 185.90 186.22 0.289
U/L ± 255.36 ± 35.37 ± 35.80 ± 38.45 ± 111.16

Amylase 43.50 43.50 56.00 56.50 49.88 0.839
U/L ± 7.78 ± 7.78 ± 25.46 ± 16.26 ± 13.93

Hemoglobin g/L 149.53 146.87 141.84 151.70 147.61 0.178
± 12.91 ± 12.68 ± 17.81 ± 11.24 ± 13.63

TSH mU/L 1.93 1.92 1.52 1.84 1.82 0.865
± 1.13 ± 0.79 ± 0.64 ± 0.91

fT4 ng/L 19.60 18.33 19.50 14.40 18.11 0.313
± 1.36 ± 1.99

fT3 ng/L 5.27 5.06 4.24 3.20 4.64 0.299
± 0.40 ± 0.83

Mean ± Standard Deviation; p-value from Kruskal-Wallis test for comparison between groups

Table 3. Histology of Biopsy and RPE.

Insulin Metformin Other Antidiabetics No DM-Medication Total

p = 0.932 (Fisher’s exact test for comparison between groups)
Biopsy GS
≤ 6

n 17 33 14 24 88
% 63.0% 61.1% 70.0% 58.5% 62.0%

Biopsy GS
7

n 6 16 5 13 40
% 22.2% 29.6% 25.0% 31.7% 28.2%

Biopsy GS
≥ 8

n 4 5 1 4 14
% 14.8% 9.3% 5.0% 9.8% 9.8%

Total n 27 54 20 41 142
% 100.0% 100.0% 100.0% 100.0% 100.0%

p = 0.212 (Fisher’s exact test for comparison between groups)
RPE GS
≤ 6

n 13 11 8 16 48
% 40.6% 18.0% 29.6% 34.7% 28.9%

RPE GS
7

n 15 41 14 21 91
% 46.9% 67.2% 51.9% 45.7% 54.8%

RPE GS
≥ 8

n 4 9 5 9 27
% 12.5% 14.8% 18.5% 19.6% 16.3%

Total n 32 61 27 46 166
% 100.0% 100.0% 100.0% 100.0% 100.0%

p = 0.251 (Fisher’s exact test for comparison between groups)
Same Histology n 13 20 4 12 49

% 48.1% 37.0% 20.0% 30.0% 34.8%
Under-grading n 11 30 14 20 75

% 40.7% 55.6% 70.0% 50.0% 53.1%
Over-
grading

n 3 4 2 8 17
% 11.2% 7.4% 10.0% 20.0% 12.1%

Total n 27 54 20 40 141
% 100.0% 100.0% 100.0% 100.0% 100.0%

p = 0.696 (Fisher’s exact test for comparison between groups)
≤ pT2c n 21 43 18 28 110

% 65.6% 70.5% 66.7% 59.6% 65.9%
≥ pT3a n 11 18 9 19 57

% 34.4% 29.5% 33.3% 40.4% 34.1%
Total n 32 61 27 47 167

% 100.0% 100.0% 100.0% 100.0% 100.0%

p = 0.603 (Fisher’s exact test for comparison between groups; Rx excluded)
R0 n 19 42 18 23 102

% 59.4% 68.8% 66.7% 48.9% 61.1%
R1 n 8 17 7 16 48

% 25.0% 27.9% 25.9% 34.1% 28.7%
Rx n 5 2 2 8 17

% 15.6% 3.3% 7.4% 17.0% 10.2%
Total n 32 61 27 41 167

% 100.0% 100.0% 100.0% 100.0% 100.0%
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docetaxel chemotherapy. Out of these patients, 8 died from
PCa. PCa specific survival time is shown in Figure 2. There
were no statistically significant differences among groups,
which again might be causal due to the small patient number.

DM drug effects in prostate tissue

To evaluate effects of DM drugs on benign and malignant
prostate cells a tissue microarray (TMA) including benign and
cancerous tissue with either metformin or insulin consump-
tion as well as of patients without antidiabetic medication was
employed (n = 95).

Thereby we found that the tumor proliferation rate, mea-
sured by KI67 staining, was not different in prostate tissue of
patients using antidiabetic drugs compared to the control
group (Figure 3A).

In general, the mTOR pathway has an important impact on
tumor growth and metastasis. Previous findings suggest that the
antineoplastic effects of metformin include growth inhibition by
attenuation of mTOR activity with subsequent blockade of cell
cycle progression.21 In contrast, insulin can activate the mTOR
pathway via the PI3K-Akt survival pathway. Thus we evaluated
the levels of active AMPK – a key primary target of metformin –
estimated as phospho-AMPK (Thr172), pAMPK and mTOR,
estimated as phospho-mTOR-Ser2448 (pmTOR) in patients’
tissue samples by immunohistochemistry (IHC). Thereby we
found that pmTOR was downregulated in the benign prostate
tissue of metformin users in comparison to the control group
(p = 0.006) (Figure 3B, Supplementary Figure 1A). Interestingly,
also insulin use significantly decreased active mTOR (pmTOR)
in the cancer tissue of patients (p = 0.024) and showed the same,
but statistically insignificant trend in benign tissue (Figure 3B,
Supplementary Figure 1A). However, we did not find any differ-
ences in pAMPK levels between treatment groups (Figure 3C).
Furthermore, we stained for active AKT (as phosphor-pAKT
(Ser473), pAkt) on TMA but did not find differences in pAKT
levels among treatment groups suggesting an AMPK and AKT
independent regulation of the mTOR pathway. In line with
previous studies we observed that PCa tissue harbors higher
levels of pAKT compared to benign prostate tissue (Figure 3D).

In addition, we measured both total and phosphory-
lated insulin receptor substrat-1 protein levels (IRS). In
general, the insulin signaling pathway is activated when
insulin or IGF-1 bind to the insulin receptor, activate the
insulin receptor kinase and auto-phosphorylate the insulin
receptor which binds and phosphorylates IRS proteins
thereby creating docking sites for SH2 domain-containing
proteins that bring the signal to the effectors. Thus, we
used two different antibodies (pIRS- S639 and pIRS- S794)
as IRS-1 contains more than 30 potential serine/threonine
phosphorylation sites among them the mTOR pathway
mediates phosphorylation of IRS-1 at Ser636/639. In con-
trast, phosphorylation of IRS-1 at S794 mediates the con-
trol of various cellular processes by insulin. When
phosphorylated by the insulin receptor it binds specifically
to proteins containing SH2 domains such as phosphatidy-
linositol 3-kinase p85 subunit. In addition, it activates
phosphatidylinositol 3-kinase when bound to the regula-
tory p85 subunit. Interestingly analyzing our patients sam-
ples we found that only pIRS- S639 is significantly
decreased in benign cores of metformin users compared
to the control (p = 0.002) indicating an activated mTOR
pathway (Figure 3 E-G, Supplementary Figure 1B).

Our previous in-vitro data demonstrated an attenuation of
metformin on the AR and its activity in PCa cells.11 In line with
these data, AR immunoreactivity was significantly decreased in
tumor tissue of metformin users compared to the control group
(p = 0.01). An opposite effect of metformin was observed in the
benign tissue cores of metformin users (p = 0.03) (Figure 3H,
Supplementary Figure 1C). However, we did not observe sig-
nificant changes in AR target genes PSA (Figure 3 I) or FKBP5
(Figure 3 J) expression in metformin users compared to the
control indicating that metformin is not able to influence AR
response mechanisms. In contrast to metformin, insulin use had
no significant effect on AR expression.

Insulin

Metformin

Other antidiabetics

No medication P (log-rank) = 0.341

Figure 1. Kaplan Meier curves of recurrence rates (BCR) of patients analyzed for
different treatment groups. p-value from the log-rank test.

Insulin

Metformin

Other antidiabetics

No medication P (log-rank) = 0.541

Figure 2. Kaplan Meier curves of patients´ prostate cancer specific mortality rates
analyzed for different treatment groups. p-value from the log-rank test.
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A prerequisite of metastasis is the ability of tumor cells to
migrate and invade surrounding tissue. Epithelial-to-
mesenchymal transition (EMT) transforms epithelial tumor
cells to motile mesenchymal-like cells with enhanced metas-
tasizing capacity.22,23 A characteristic marker for EMT is the
loss of E-cadherin expression. E-cadherin immunostaining
revealed that metformin has the capacity to reduce this
epithelial phenotype cell marker in cancer tissue (p = 0.04)
and to increase it in the benign tissue (p = 0.003) (Figure 3K,
Supplementary Figure 1D). Insulin use again was not asso-
ciated with a difference compared to no medication.

Discussion

In the recent years many studies explored the impact of DM
and antidiabetic drugs on PCa. A large number of studies
found that the antidiabetic drug metformin reduces the risk of
developing PCa.24,25 However, less data is available addressing
the question if metformin influences prognosis of PCa
patients suffering from concurrent DM. For example, in

2013, Spratt et al published the first clinical retrospective
data indicating that metformin use may improve progression
free survival and PCa mortality.26

In the present study we demonstrate no significant differ-
ences concerning pathological stage and Gleason score of
different diabetic drug users in comparison to the control
group. Moreover, there was no significant difference in biopsy
tumor over- or under-grading. These findings are in line with
previous reports also demonstrating no pathological changes
upon metformin use.19,27,28

Considering the hypothesized biological mechanisms of
metformin and insulin, we investigated their impact on cancer
progression however, failed to show any significant beneficial
or worsening effects of antidiabetic drugs with respect to PCa
pathological stage, PCa specific mortality as well as BCR,
albeit both metformin and insulin users showed a statistical
trend towards a lower recurrence rate.

Implicating the relatively low patient number in this and
all other studies investigating this issue, our data encourage
for further elucidating the role of metformin, but also insulin
with regard to recurrence rates after RPE. Several previous
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Figure 3. Immunohistochemistry results of radical prostatectomy specimens (benign and cancer cores) stained for different antibodies (A-K). Data are presented as
mean values± standard deviations, p-values < 0.05 were considered significant (*p < 0.05; **p < 0.01).
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studies also found no substantial changes of BCR rates after
RPE.19,28,29 In contrast, a study of Patel et al. demonstrated
increased BCR after RPE in metformin users29 whereas
Danzig et al. found metformin use in combination with sta-
tins significantly associated with a reduced risk of BCR
(hazard ratio (HR) = 0.190; 95% CI 0.040–0.905; p = 0.037).20

Given the fact, that only a small number of patients
included in our study died from PCa and the observational
time frame was relatively short, we did not find an effect of
antidiabetic drugs on PCa mortality, although a statistical
under-powering cannot be excluded. Nevertheless our finding
is in line with results of a recent meta-analysis involving
334.532 participants and reporting no association between
metformin and PCa mortality.30 On the other hand, two
other large studies found a reduced mortality of PCa patients
upon metformin use.26,31

Although the anti-tumor effect of metformin has been
observed in different types of cancers a clear mechanism of
action remained elusive. To our best knowledge the present
study is the first analyzing proposed molecular pathways of
antidiabetic drugs in the prostate tissue of patients suffering
from both PCa and DM. In line with the clinical data we did
not find any differences in cell proliferation in the prostate
tumor tissue of different DM drug users. This finding is in
contrast to a recent experimental study on human PC3 cells
(PCa bone metastasis derived cell line) showing that metfor-
min reduces cell proliferation in vitro and in vivo.32

As mentioned a downstream effector of metformin is the
mTOR pathway. Indeed, we observed that pmTOR was down-
regulated in the benign prostate tissue of metformin users in
comparison to the control group (p = 0.006).This finding is in
line with previous studies.33,34

In contrast to other clinical studies we investigated not
only the effect of metformin, but also of insulin on PCa
aggressiveness. Insulin and insulin-like growth factors (IGF)
are key regulators of cellular growth and metabolism. A large
number of experimental studies including ours have shown
that insulin, IGFs and their receptors are overexpressed in
PCa.35,36 Despite the substantial effects in preclinical models
insulin use had no impact on tumor histopathology or on
recurrence rates after RPE in PCa patients with concurrent
DM. AMPK is a prime target of metformin. Interestingly, we
did not find any differences in pAMPK levels of patients
treated with metformin or insulin or those without medica-
tion. This is in line with other studies presenting that AMPK
is dispensable for metformin’s beneficial effects.37–39 For
example, metformin restricts the nuclear pore complex
(NPC) and thus attenuates RagC activation of mTOR signal-
ing independent of AMPK.40

Concerning AKT a survival kinase upstream of mTOR, we
also did not find differences of the pAKT levels among
patients with antidiabetic drugs (metformin and insulin) or
those without antidiabetic medication. This finding might
support the hypothesis of an AKT-independent regulation of
mTOR by mitogen-responsive pathways as described by
Memmott et al.41

As we observed an AMPK and AKT independent mTOR
regulation, we speculated abn involvement of the IRS-1 and
found that pIRS- S639 is significantly decreased in benign

cores of metformin users compared to the control
(p = 0.002) indicating an activated mTOR pathway. Both
metformin and insulin use reduced pmTOR levels in both
benign and cancer areas compared to no medication and
thereby may exert antitumor effects. Whereas this is
expected for metformin it is contradictory to most pub-
lished studies describing a tumor promoting effect of insu-
lin partly regulated via activation of the mTOR pathway.
We speculate that this may be due to the heterogeneous
mode of action of insulin. For example, in a previous study
we stimulated both diverse prostate cancer cells and benign
cells with insulin and or IGF (insulin like growth factor)
and found that benign cells do not react with an increase in
cell proliferation upon insulin and/or IGF stimulation and
activate basal to luminal differentiation upon insulin and/or
IGF stimulation instead.35 In addition, others and we
observed negative feedback loops when cells were stimu-
lated with higher insulin concentrations.35,42 As the present
study is a real-life study and insulin was administered
according to the glucose levels and insulin sensitivity of
the hyperglycemic patients. We do not have information
about the exact dosage of insulin, which can consequently
vary significantly. Therefore, an induction of a negative
feedback-loop cannot be excluded and may result in the
observed reduced pmTOR levels.

Recent work from our research group found that metfor-
min disrupts the AR translational MID1 regulator complex
leading to downregulation of the AR protein.11 In agreement
with that finding metformin use decreased the AR in cancer-
ous tissue and increased it in the non-cancerous tissue of RPE
specimens. This novel metformin effect might be confirmed
in a recently started prospective clinical study investigating
the impact of addition of metformin to the AR modulating
agent abiraterone for the treatment of metastatic castration
resistant PCa patients (NCT01677897). However, further ana-
lyses revealed that the AR target genes PSA and FKBP5 are
not affected upon metformin or insulin treatment.

Metformin was also suggested to attenuate metastasis for-
mation by inhibiting EMT.43 However, E-cadherin expression,
downregulation of which is a consequence of EMT, displayed
an incoherent picture, which does not support this hypothesis.
It was moderately upregulated in the non-malignant but
downregulated in the malignant tissue of metformin users in
comparison to the patients without DM drugs.

A clear limitation of our study is the fact that we do not have
any information about the duration of antidiabetic drug use. Our
control group included pre-diabetic patients with ameanHbA1c
of 6.17% (manifest DMHbA1c ≥ 6.5%). As this study presents a
“real-life” situation we did not attempt to adapt/optimize the
corresponding antidiabetic therapy. From clinical practice we
know that adherence and compliance to anti-diabetic drug treat-
ment vary significantly and for sure this is one limitation of the
study protocol.44,45 For future studies, especially prospective
studies working on this topic, for sure, a second control group
of patients without DM is inevitable. Moreover, a major limita-
tion of the study is the retrospective single center character and
the relatively small patient number.

Currently no clear evidence exists about dosing of antidia-
betic drugs for their anticancer efficacy. To investigate this in
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detail and set-up separate dose finding studies would be
needed (also in patients without diabetes, who were not
included in this study). Furthermore, best to our knowledge
there is no known biomarker to monitor anticancer-efficacy
of antidiabetic drugs although it would be of high medical
need. As mentioned, we included only patients with DM in
the study, therefore the study cannot be generalized to a
whole patient population. For sure, studies on metformin in
non-diabetic and euglycemic patients would deliver important
information on general efficacy of antidiabetic drugs as ther-
apeutic options in prostate cancer. Several studies using met-
formin in addition to approved PCa drugs are currently
running.

To summarize, this study elucidates for the first time pre-
clinical identified anti-tumorous molecular mechanisms of
metformin in patient tissue samples. Moreover, we provide
tissue expression data indicating attenuation of the metabolic-
and proliferative mTOR pathway independently of pAMPK
and pAKT. With view on clinical outcome after RPE, we
failed to show beneficial or worsening effects of antidiabetic
drugs use by PCa patients.

Patients and methods

Ethical statement

The study was approved by the Ethical Committee of the
Medical University Innsbruck (study number AN2014-0145
336/4.24) and written informed consent to participate in
research studies was obtained from all patients.

Patients and data acquisition

We retrospectively analyzed 167 patients diagnosed with both
DM and PCa who underwent an open retropubic or robotic
assisted (Da Vinci) RPE at our department. We divided our
patient cohort into four groups: “metformin” users, “insulin”
users, “other antidiabetic drug” users (glitazones, sulfonyl
urea and α-glucosidase inhibitors) as well as those with “no
antidiabetic drug- diet only” (pre-diabetic situation, control
group) and scrutinized for differences in PCa aggressiveness.

For monitoring the efficacy of antidiabetic drugs we mea-
sured HbA1c at one-time point before RPE (the day before
surgery) and we did not include long term follow up measure-
ments or investigation of long term antidiabetic drug
adherence.

Moreover, we assessed potential changes in serum bio-
chemical parameters C-reactive protein (CRP), liver function
parameters like GOT (glutamat-oxalacetat-transaminase),
GPT (glutamat-pyruvat-transaminase, gamma-glutamyl-
transferase (yGT), lactate-dehydrogenase (LDH) and amylase,
hemoglobin as well as thyroid parameters TSH (thyreoidea-
stimulating hormone) and free thyroxine 3 and 4 (FT3),
which were assessed in a blood sample routinely drawn the
day before RPE.

In addition, we performed a long-term follow-up analysis
of patients (until 02/2015) including PCa specific mortality
rates of the local tumor registry. If patients did not have their
oncological follow-up at the Department of Urology, Medical

University Innsbruck, their treating outpatient urologists
where contacted to communicate the oncological follow up
information.

Statistical evaluation

All demographic and baseline characteristics as well as histo-
pathological and biochemical parameters were analyzed
descriptively (absolute and relative frequency for qualitative
data and mean and standard deviation [SD] for quantitative
data), stratified by medication group (metformin/insulin/
other antidiabetics/no medication). Fisher’s exact test and
Kruskal-Wallis test (since assumption of normality was vio-
lated for most parameters) were performed for group com-
parisons. Kaplan Meier product-limit estimation curves for
time to recurrence of PCa and PCa-specific survival were
produced and groups were compared with the log-rank test.
A significance level of α = 0.05 (two-tailed) was applied.
Statistical analyses were conducted in SPSS, version 22.0
(IBM Corp).

Tissue microarray (TMA) and immunohistochemistry (IHC)

To investigate potential changes of candidate target pathways
in patients a TMA of patients´ RPE specimens was con-
structed. Cylindrical samples including three cancer areas
and three benign areas were re-located from formalin-fixed,
paraffin-embedded tissue blocks to the TMA block. In total,
570 tissue samples from 95 patients were collected. Embedded
hepatic cells as well as prostate cells (LNCaP and PC3) were
used as controls.

The TMA was assembled using a manual tissue arrayer
(Beecher Instruments). H&E and p63/α-methylacyl-CoA race-
mase IHC double staining was performed to confirm the his-
tological diagnosis. IHC was performed on a Discovery-XT
staining device (Ventana). The following antibodies were
used: anti-E-cadherin (M3612, Dako), AR (EPR 1535,
Abcam); phospho-mTOR (Ser2448, Cell Signaling
Technologies), KI67 (M7240, Dako), phospho-AMPKα
(Thr172, Cell Signaling Technologies), phospho-AKT
(Ser473, Cell Signaling Technologies), PSA (PSA/KLK3
(D11E1) XP, Cell Signaling Technologies), FKBP5 (A301-
430A-M, Bethyl), IRS1 (ab40777, Abcam), phospho-IRS-S639
(ab47404, Abcam) and phospho-IRS-S794 (S794, Abcam).

Microscope images were taken with a Zeiss Imager Z2
microscope (Zeiss, Vienna) equipped with a Pixelink PL-
B622-CU camera (Canimpex Enterprises Ltd). The IHC eva-
luation was supervised by an experienced uro-pathologist (G.
S.) AR, pmTOR, evaluated using quick score (the proportion
of positively stained cells (0–10%: 1 point, 10–50%: 2 points,
50–75%: 3 points, 75–100%: 4 points) and the average staining
intensity (light: 1 point, medium: 2 points, strong: 3 points)).
KI67 was assessed by the number of KI67-positively stained
cells per 100 prostate gland cells. E-cadherin, pAMPK and
pAKT, PSA, FKBP5, and pIRS were scored by staining inten-
sity (very week: 0 point, light: 1 point, medium: 2 points,
strong: 3 points). T- test was used to compare the differences
between the different treatment groups.
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