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SUMMARY

OBJECTIVES: Serum levels of adiponectin were meaur patients with benign prostate
hyperplasia and prostate cancer of pT2 and pT&stag

METHODS: Adiponectin ELISA assay, immunohistochemnyisand selected metabolic and
biochemical parameters measurement was performezb ipatients with benign prostate
hyperplasia and 43 with prostate cancer (17 patierth organ-confined and 26 patients with
locally advanced disease).

RESULTS: Serum adiponectin levels did not diffetween prostate benign hyperplasia and
cancer clinical stage T2, but was significantlyh@gin pT3 relative to pT2 groupx& D,
1451 £ 4.92 vs. 21.41 + 8.12, P = 0.003). Tissumunohistochemistry showed enhanced
staining in neoplastic prostate glands and intthepal neoplasia relative to benign prostate
hyperplasia without distinction between diseaseg@nd stage.

CONCLUSION: Serum adiponectin levels are higher lacally advanced relative to
organ-confined prostate cancer and may thus semanaauxiliary marker providing futher
improvement to PSA for discrimination between phd @aT3 stages.

KEY WORDS Prostate cancer, adiponectin, immunohistochemistry



INTRODUCTION

Prostate cancer (PCa), the third most common cameeen worldwide, represents an
important health and socio-economical problem insi&f@ countries with increasing
prevalence due to higher proportion of elderly papon. Besides populational influence, the
development of better methods for early detectibprostate cancer led to the substantial
increase in number of cases. Except proposed gdaetors like higher circulating sex steroid
levels, shorter androgen receptor CAG (glutamiepiat length, genetic variability of steroid
5a-reductase enzyme gene and polymorphic variatitimery DBP (vitamin D binding protein)
gene encoding a vitamin D-binding protein, envirental factors may also contribute to the
process of conversion of latent or histologicalhmscopic cancer to the clinically overt one.
The most commonly studied environmental factorsonnection with prostate cancer are diet
with higher content of saturated fat and obesgglit both being very common as a result of
Western lifestyle with abundance of food (Gann 2062t consumption correlates well with
the prostate cancer mortality rate in most stuatesnd the world (Le Marchand, Koloretkl.
1994) although this finding was not confirmed blysalidies (Andersson, Baraa al. 1995).
This observation might reflect the fact, that highels of dietary fat stimulate proliferation of
prostate cancer cells (Aronson, Tymcleatlal. 1999). Obesity itself is in general a risk factor
for the development of some forms of cancer inclgdhe prostate, breast, endometrial and
colon cancer (Calle and Thun 2004). However, iusdhbe noted that the studies focused on the
relationship between obesity and prostate canakndi yield completely consistent results.
While several studies found an increased risk ofate cancer among obese and overweight
men (Andersson, Wollet al. 1997), others revealed little or no associatiomy@&nnucci,
Rimmet al. 1997). According to the results of some studieslylmass index and in particular

visceral obesity correlates with the aggressiveress mortality of prostate cancer (Hsing,



Reichardtet al. 2002). In patients with established diagnose obkfate cancer, obesity is a
predictor of poor prognosis and is associated witfiner tumor stage and grade (Freedland,
Terris et al. 2004). The convincing evidence for the role oft die modulation of prostate
cancerogenesis came from migration studies shoanrgcreased incidence of prostate cancer
in first-generation immigrants to US from Japan &tuna linking increased incidence of
prostate cancer to the change of diet higher uratd fat (Shimizu, Rogs al. 1991).

A discovery of endocrine function of adipose tissaymened another possible link
between obesity and cancerogenesis. Adipose tisstlee source of numerous circulating
hormones that may participate in the development arogression of different forms of
malignant tumors including prostate cancer (Frewtjl&Sokoll et al. 2005, Somasundar,
Frankenberryt al. 2004). Adiponectin is an adipose tissue-derivetinome expressed almost
exclusively in adipocytes with significant anti-degic, anti-atherosclerotic and
anti-inflammatory properties as demonstrated byearmental rodent studies (Kadowaki and
Yamauchi 2005). There are several lines of evideuggesting that adiponectin may play a
substantial role in cancer pathogenesis. Circudatevels of adiponectin were inversely
associated with the risk of breast, endometridgrcand gastric cancer in several studies (Dal
Maso, Augustiret al. 2004, Ishikawa, Kitayamet al. 2005, Mantzoros, Petridaa al. 2004,
Miyoshi, Funahastet al. 2003, Petridou, Mantzor@sal. 2003, Wei, Giovannucet al. 2005).
Furthermorein vitro data suggest that adiponectin inhibits cell peodfion, induces apoptosis
and suppresses tumor growth due to its antiangiogeroperties exerting its effect via
downstream common effectors c-Jun NErminal kinase (JNK) and signal transducer and
activator of transcription 3 (STAT3) (Miyazaki, Bebal. 2005). Recent studies showed that
non-proteolytic full-length adiponectin inhibitedhet growth of androgen-dependent and
androgen-independent prostate cancer cell lines sleaving as a link between obesity and

prostate cancer (Bub, Miyazaéi al. 2006). Studies of Goktas and Freedland obseraed a



inverse association between serum adiponectindearad histological grade, disease stage as
well as aggressiveness of prostate cancer (Freskdbokollet al. 2005, Goktas, Yilmaet al.
2005); however, previous results were not confirnmedhe recent study of Baillargeon
(Baillargeon, Platzt al. 2006).

Here we evaluated serum levels and tissue expressib adiponectin in
well-characterized patients undergoing simple suva prostatectomy for BHP (benign
prostate hyperplasia) and radical retropubic ptestamy for organ-confined (pT2) or locally
advanced prostate cancer (pT3) preoperativelycdlilyl staged as T2 disease and studied the
relationship of adiponectin levels with tumor stagrade and selected hormonal, metabolic

and biochemical parameters.

MATERIAL AND METHODS

Study subjects

Sixty-eight men referred to undergo either simplestatectomy for benign prostate
hyperplasia or radical prostatectomy for prostatecer preoperatively diagnosed with clinical
stage T2 from December 2004 to May 2005 at the et of Urology, Teaching Hospital
Kralovske Vinohrady were enrolled into the study.t@bse, 25 patients had benign prostate
hyperplasia and 43 patients had prostate cancgingfal stage T2. None of patients had prior
radiotherapy, chemotherapy, hormonal treatmenudich androgen deprivation therapy or
suffered from an acute illness. The prostate cgpagents were stratified for further evaluation
into two groups based on the disease extensionpatiénts with organ-confined (pT2
pathological stage) and 26 patients with locallyaaxted disease (pT3 pathological stage). The
patients in pT2 group were followed up for 16-20ntis and none of the subjects reported

local recurrence or metastatic disease developriéet.study protocol was approved by the



local ethical committee. All participating subjewatsre informed about the purpose of the study

and provided written informed consent.

Anthropometric examination and blood sampling

Patients underwent a single physical examinatioerewneasured and weighed and
BMI (body mass index) was calculated as the weightilograms divided by the height in
square meters. Peripheral venous blood samplesaeieeted after an overnight fast at the
morning of the day of surgery between 6:00 and & centrifuged for 20 minutes at 2000

rpm. The serum was separated, aliquoted and kegerirat -80°C until further analysis.

Hormonal and biochemical assays

Serum adiponectin levels were measured using coaiah&lA kit (Linco Research,
St.Charles, Missouri, USA). Sensitivity was 1.0mp/and the intra- and interassay variability
were 1.78% and 8.25%, respectively. Serum total BisiRfree PSA levels, cortisol, prolactin,
testosterone, SHBG, FAI, DHEAS, estradiole, progreste, LH, FSH, insulin, fasting plasma
glucose, triglycerides, high-density lipoproteirolgsterol, low-density lipoprotein cholesterol
and total cholesterol were measured at the Depattiof Biochemistry, Teaching Hospital

Kralovske Vinohrady, Prague, by standard laboratoeyhods.

Prostatectomy specimens processing

Each radical or simple prostatectomy whole specimanfixed in 4% buffered formaldehyde,
totally embedded and processed as complete samplitiy routine sections described
previously (True 1994). All specimens and were drach at the Department of Pathology,
Teaching Hospital Kralovske Vinohrady, Prague, gthdccording to the Gleason grading

scheme and pathological staging based on UIAC Ta&sification of Malignant Tumours,



Sixth edition was performed. Total prostate volwaes calculated using the ellipsoidal method
(4/3 x= x (length/2 x width/2 x height/2)) and prostateoar volume was calculated based on
the thickness of tissue sections and measurmeateaf occupied by tumor by analySIS 3.2

image analysis software (Soft Imaging Systems Gnbtihster, Germany).

| mmunohistochemistry

Immunohistochemistry was performed in a subsetatiepts (n=10 from each group)
covering both low and high serum levels of adipdineaf all three studied groups (BHP, pT2
and pT3). Five-micron-thick sections cut from fofimdixed, paraffin-embedded tissue
samples were deparaffinized in xylene and rehydraEdogenous peroxidase activity was
inhibited by 3% HO, in methanol for 30 minutes followed by 15 minutesing in tap water.
Non-specific reactivity was avoided by pre-treatingections with 1% normal goat serum
(Dako Cytomation, Glostrup, Denmark) with 1% boviegal albumin for 2 hrs. The slides
were incubated with polyclonal rabbit anti-adipaime@ntibody Arcp30 (N-20) (Santa Cruz
Biotechnology, Inc., California, USA), diluted ta250 with ChemMate Antibody Diluent
(Dako Cytomation, Glostrup, Denmark). The Histofindt (Nichirei, Tokyo, Japan) was used
to visualize sections incubated with primary antifpoThe chromogen 3,3-diaminobenzidine
(Liguid DAB+Substrate, Dako Cytomation, Glostrugeribnark) was applied to all sections and
counterstaining was performed with Mayer's hemalioxylissue sections incubated without
primary antibody and with normal rabbit immunoglbbufraction (Dako Cytomation,
Glostrup, Denmark) were used as negative controls.
All sections were analyzed using Nikon Eclipse E@@ifroscope in a random order by two
pathologists who were unaware of clinical data. iftensity of adiponectin expression was

scored on a four-point scale (0-3). In terms of ska@ning intensity, O represented lack of



positivity, while a score of 1 to 3 represented aalky moderate, and strong
immunohistochemical positivity, respectively. Incase of borderline staining intensity the

interobserver difference was solved by a seconelaajuation.

Statistical analysis

The results are reported & SD . Mann-Whitney Rank Sum test and Kruskal-Wallis
test with Dunnet’s Method was used for comparisbrihe groups as appropriate. The
relationships between the variables were analyze®gearman’s correlation coefficiept
ROC curve for serum adiponectin and PSA levelsrgan-confined and locally advanced
cancer was calculated (Eng 2006). Differences an@kations were considered significant at p
< 0.05 and where applicable, p < 0.01 and p < Ov@&% shown.

The statistical analysis was performed with Sigraa@andel Scientific, USA) and

SPSS 13.0 (SPSS Inc., Chicago, IL).

RESULTS

Baseline characteristics of all studied groups sirewn in Table 1 and 2. Most of
prostate cancer patients in our study were ovetgigad locally advanced disease and
Gleason sum score 5 to 6. Patients with BHP anddrDaot differ significantly with respect to
serum adiponectin levels (20.47 £ 10.13 vs. 18.8875, P = 0.64, AUC (area under the curve)
BHP vs. PCa =0.52). Also, there was the lack fiéince between the latter and former group
in terms of BMI, total and free PSA but there wastaistically significant difference in F/T
PSA ratio (0.22 £0.20 vs. 0.10 £ 0.06, P < 0.001).

When the patients were subdivided into subgroupis prostate cancer in pT2 and pT3

stage, respectively, a significantly higher adipztimelevels in locally advanced relative to



organ-confined cancer were found (14.51 = 4.922¢s41 + 8.12, P = 0.003). Except serum
adiponectin levels, statistically significant diéeces were also observed between both groups
in total PSA levels. It is of notion here that Banstatistically significant results were obtaine
after BMI adjustment of serum adiponectin levelshree studied groups (BHP vs. T2 vs. T3,
0.78 + 0.46 vs. 0,56 +0,26 vs 0,80 = 0,34, forve2 T3 P = 0.018, otherwise statistically
unsignificant).

No statistically significant differences betweer2 8nd T3 subgroups were found with
respect to BMI, fasting plasma glucose and inssdirum levels. Similarly, we did not observe
any difference between low-grade (pathological &®asum up to 6) and high-grade disease
(pathological Gleason sum 7 or greater) with ressfmeadiponectin serum levels (19.60 + 8.83
vs. 17.13 £ 5.38, P = 0.32). On the contrary, déifee in BMI between low- and high-grade
disease was found (26.61 + 2.64 vs. 28.80 + 3.400P2). After stratification into pT2a, pT2Db,
pT2c, pT3a and pT3b, adiponectin positively coteslawith the substage of diseape=(0.35,

P =0.02) and similarly correlated PSA levgls=(0.40, P = 0.009) but both serum markers did
not correlated with each othgr£ 0.18, P = 0.24)

Thearea under the ROC (receiver operating charadts)stor serum adiponectin
levels in prostate cancer was calculated as Otfadndard error 0.07) and the optimal cut-off
detecting extension of prostate cancer beyond dbsute was set at adiponectin serum level
18.2 ng/ml with sensitivity 82.4 and specificity.B9When adiponectin was adjusted for BMI,
area under ROC was calculated as 0.72 (standavd @f8) and for PSA as 0.71 (standard
error 0.08).

In organ-confined cancer a P trend towards inveskdionship between adiponectin
levels and BMI § = -0.44, P = 0.07) was found. Furthermore, adiptindevels positively
correlated with prolactin concentrations% 0.49, P = 0.05) while an inverse association of

adiponectin was observed with total testosterprre-(0.63, P = 0.009), DHEA$ € -0.59, P =



0.02) and SHBGp= 0.68, P = 0.004). In extraprostatic extensiooasfcer, a trend towards an
inverse association between adiponectin and BMI eleerved { = -0.38, P = 0.05) and
similarly to organ-confined cancer a positive ctatien with prolactin § = 0.43, P = 0.03).
Also a negative correlation with insulip € -0.40, P = 0.05) was present.

Tissue immunostaining with adiponectin antibodyséo cytoplasmatic positivity both
in benign and malignant prostatic glands and inesstnomal elements (i.e. smooth muscle
cells). Cancerous glands (Fig 1A) and glands witisgatic intraepithelial neoplasia (Fig 1B)
showed higher staining intensity in comparison waidfacent benign prostatic glands (Fig 1C).
Comparable staining intensity in normal and tumeresamples was observed in basal cells,
basal cell hyperplasia and urothelial and squammesaplasia. There was no obvious
association between staining intensity and histoldggrade and stage of tumor (data not

shown).

DISCUSSION

Obesity, the excess of adipose tissue, is a wtlbéshed risk factor for the
development of several types of malignancies. Asliptissue produces several hormonally
active substances that can participate in the psoo&cancerogenesis by stimulating growth,
migration and invasion of tumor cells bath vitro andin vivo. Adiponectin is an adipose
tissue-derived polypeptide hormone that in additonts anti-diabetic and anti-atherogenic
effects also exerts anti-angiogenic propertiesK&8naielm, Veitonmaket al. 2004). Previous
studies showed that increased serum adiponecetfsleere inversely correlated with a risk of
endometrial (Dal Maso, Augustiat al. 2004, Petridou, Mantzorost al. 2003), breast

(Mantzoros, Petridost al. 2004, Miyoshi, Funahaskt al. 2003), colon (Wei, Giovannucei



al. 2005) and gastric cancer (Ishikawa, Kitayasna. 2005). The relationship between serum
adiponectin levels and prostate cancer was evautiaree recently published studies.
Goktas et al. (Goktas, Yilmaa al. 2005) found lower adiponectin levels in poorly
differentiated and extraprostatic prostate canban tin well- or moderately differentiated
prostate cancer and organ-confined disease. Intiawnidia negative association between
histological grade and stage of prostate cancerpéasima adiponectin levels was observed.
Similarly, Freedland et al. (Freedland, Solebll. 2005) found an inverse relationship between
adiponectin and BMI as well as inverse associadioadiponectin with high-grade disease in
overweight and obese man. In normal weight and/@meeight and obese men with high-grade
disease adiponectin was positively associated high stage disease. The recent study of
Baillargeon found in contrast to previous resuits adiponectin, did not correlate with prostate
cancer aggressiveness or cancer risk (Baillargelatzet al. 2006). In our study, we observed
no significant difference in adiponectin levelsvbe¢n benign prostate hyperplasia and prostate
cancer and between low-grade and high-grade disbasefound significantly higher
adiponectin concentrations in patients with loca#lgvanced disease stage relative to
organ-confined cancer.
There are several possible explanations for difitefiadings with respect to serum adiponectin
levels between ours and other studies cited adéivstly, in the study of Goktas et al. the
patients were stratified into the groups basedhenrésults of transrectal ultrasound-guided
biopsy and the same approach was used for gradidg@ase. This approach could be less
precise than diagnosis of tumor stage and gradedbas the histological examination of
samples obtained by retropubic radical prostategtepecimens in prostate cancer as used in
our study. Furthermore, the population in the presistudy had mostly normal weight, while
in our study most of the subjects were overweiGhi. data are to some extent similar to results

of Freedland who did not find any association betwplasma adiponectin and grade before



adjusting the patients” subgroups with logistiaesgion and to results of Baillargeon who did
not find any difference in serum adiponectin coriions between control and prostate
cancer and between high grade and low-grade disease

As described above, we found significantly highdipanectin levels in extended
relative to organ-confined prostate cancer and tipesicorrelation with prostate cancer
substaging as well. Addition of serum adiponedctiR8A levels provided further improvement
to prostate cancer staging. Based on these findmguggest that adiponectin levels may
provide a novel auxiliary marker for discriminatidretween organ-confined and locally
advanced prostate cancer.

Our data suggested the link between adiponecteldeand prostate cancer progression.
The opened question remains whether this is a taelssionship or whether the changes of
adiponectin levels are rather the consequence ok smetabolic changes present in more
progressive but not organ-confined cancer. Herefoumd no significant differences in
anthropometric and metabolic parameters such as Bibthd glucose and serum insulin levels
when comparing patients with advanced vs. orgatfiHoet diseases. These findings support
the idea that the difference in adiponectin lei®lsot a secondary result of metabolic changes.
One attractive although rather speculative postild that increased serum adiponectin levels
may serve as a protective factor against furtherotuprogression. It has been previously
demonstrated that adiponectin has in general atifgnative effects either through direct
mechanism or by activating AMP activated proteinase. As adiponectin did not correlate
with PSA levels in our study we may speculate bwdh serum markers work through different
pathways and possibly reflect different placesrofpction. In support of this hypothesis, we
were unable to demonstrate immunohistochemically adiponectin immunoreactivity in
DU145 prostate cancer cell line growing in the albseof surrounding stroma and/or fat tissue

but on the other hand we found an enhanced adiponegnunostaining in the epithelium of



malignant glands and PIN (prostate intraepithefi@bplasia) in the whole tissue sections
recruited from prostate specimens (data not sho@®mpilarly to our results, recently was

shown that adiponectin receptors are expressedRatArand protein levels in prostate cancer
cell lines while mRNA for adiponectin was undetéita(Mistry, Digby et al. 2006). Therefore

it is possible that adiponectin released from pesfatic fat after breach of capsule or from
intersticial stromal tissue surrounding epitheliomprostate glands binds increasingly to its
receptors in (pre)malignant epithelium and aftey #elective uptake acts on it in a
autocrine/paracrine fashion.

Increased serum adiponectin levels in patients wilianced disease stage (pT3)
observed in our study differ from previously pubksl results in patients with other
malignancies (breast, gastric, colon and endonheteacer) where inverse association of
adiponectin levels and tumor stage was observedeMer, it should be stressed that advanced
stage of breast, colon and endometrial cancetes ¢tihked to cachexia with the deliberation of
cytokines, including TNFe, lowering serum adiponectin levels. Also, highanaer stage in
colon and endometrial cancer is linked with sergsaface perforation with the extension of
cancerous cells in the peritoneal cavity with passidirect modulation of adiponectin
production.

In conclusion, in our study on a limited numberpaitients we showed that serum
adiponectin levels did not differ between patiesith benign hyperplasia and prostate cancer
of clinical stage T2. However, adiponectin levelsrasignificantly higher in pT3 relative to
pT2 stage prostate cancer patients. We suggedtitbakating adiponectin levels may serve as
an auxiliary marker for discrimination of organ-éoed and locally advanced prostate cancer

stage.
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TABLE 1

Anthropometric and biochemical parameters in p&ienth benign prostate hyperplasia and

prostate cancer.

Benign prostate hyperplasia (n=25) | Prostate cancer (n=43) | P
Age (years) 70.52 + 8.73 63.61+4.71 < 0.001}**
BMI (kg/n) 27.55 + 3.36 27.43+3.10 0.88
Serum adiponectin (ng/ml 20.47 £10.13 18.68#57. 0.64
Total PSA (ng/ml) 8.02 + 6.83 9.49 + 8.66 0.18
Free PSA (ng/ml) 1.37 £ 2.07 0.91 +0.80 0.22
FIT PSA (ng/ml) 0.22 +0.20 0.10 + 0.057 < 0.00171**

Data presented as mean = SD, ** P < 0.001, BMIybothss index, F/T PSA free/total PSA
ratio



TABLE 2

Anthropometric, clinico-pathological, metabolic abidchemical parameters in patients with

organ-confined and advanced prostate cancer group.

Organ confined prostate| Advanced prostate cancer |P
cancer (n=17) (n=26)
Age (year) 62.71 +5.22 64.19 + 4.35 0.31
BMI (kg/m?) 27.22 +3.24 27.56 + 3.06 0.74
Normal (less than 25) 4 5
Overweight (25-less than 30) 10 16
Obese (30 or greater) 3 5
Prostate volume (cth 35.66 + 16.33 28.71+14.21 0.1%
Total cancer volume (cin 12.64 +10.31 14.58 + 7.00 0.49
Serum adiponectin (ng/ml) 14.51 +4.92 21.41 £8.1 0.003**
Total PSA (ug/l) 6.30 £ 2.22 11.58 + 10.55 0.024*
Free PSA (ug/l) 0.72 + 0.46 1.04 +0.95 0.42
FAIl (%) 47.37 £ 16.52 44,12 + 16.50 0.58
FIT PSA 0.11 +0.06 0.10 £ 0.05 0.68
Testosterone (nmol/l) 13.04 +6.16 15.66 + 10.13 520.
LH (U/l) 3.66 +1.88 4.08 +4.28 0.57
FSH (U/l) 5.70 £ 2.56 7.74 £8.09 0.7(
Cortisol (nmol/l) 506.00 + 191.24 476.69+167.39 10.6
Prolactin (ug/l) 23.87 +19.17 14,93 +13.11 0.08
Progesterone (nmol/l) 5.89 + 5.00 4.24 +1.62 0.40
Estradiole (pmol/l) 76.83 £ 22.35 82.91+43.71 10.§
DHEAS (pmol/l) 35.59 + 67.53 45.80 + 64.52 0.10
SHBG (nmol/l) 38.54 £ 23.79 34.99 £ 14.90 0.99
CRP (mg/l) 5.26 £ 6.07 5.58 + 6.49 0.8B
Glucose (mmol/l) 5.66 +2.31 5.08+1.42 0.24
Insuline (mUI/I) 5.46 +4.16 473+4.18 0.33
Cholesterole (mmaol/l) 4.76 £ 0.95 5.26 £ 0.84 0.08
LDL (mmol/l) 2.94 +0.77 3.21 +0.60 0.21
HDL (mmol/l) 1.14+£0.23 1.28+0.21 0.08
Triglycerides (mmol/l) 1.63 + 0.65 1.72+0.84 0.7
Gleason sum score 2-4 3 0
Gleason sum score 5-6 11 13
Gleason sum score 3+4=7 2 4
Gleason sum score 4+3=7 1 2
Gleason sum score 8-10 0 7

Data presented as mean = SD, * P < 0.05, ** P 4,00RP — C-reactive protein, DHEAS —

dehydroepiandrosterone sulphate, FAI — free andratgex, F/T PSA free/total PSA, HDL —

high-density cholesterol, LDL — low-density chobrsti, LH — luteinizing hormone, SHBG

sex-hormone binding globulin



FIGURE LEGENDS

Fig 1A: Immunohistochemical analysis of adiponedtithin prostate adenocarcinoma. 1B:
Immunohistochemical analysis of adiponectin withnostate intraepithelial neoplasia (PIN)

and adjacent benign prostate gland. 1C: Immunattistmical analysis of adiponectin within

benign prostate hyperplasia. Original magnificatd200




