0022-5347/03/1694-1308/0
THE JOURNAL OF UROLOGY®
Copyright © 2003 by AMERICAN UROLOGICAL ASSOCIATION

Vol. 169, 1308-1311, April 2003
Printed in U.S.A.
DOI: 10.1097/01.ju.0000055903.18400.25

LEPTIN INFLUENCES CELLULAR DIFFERENTIATION AND
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ABSTRACT

Purpose: Several studies have shown a positive association of dietary fat with prostate cancer.
Leptin, a peptide hormone that has a role in the regulation of body weight, currently serves as
a more accurate biomarker for total body fat. We designed a study to determine whether leptin
influences cellular differentiation and the progression of prostate cancer.

Materials and Methods: In this study we investigated serum leptin in 21 patients with prostate
cancer, 50 with benign prostatic obstruction and 50 healthy individuals matched for sex, body
mass index and age. Patients with cancer were stratified into 2 groups by the disease spread,
including groups 1—organ confined and 2—advanced disease, and into 3 groups by the differ-
entiation degree, including groups 3—Gleason sum 2 to 4 or well differentiated, 4 —Gleason sum
5 to 7 or moderately differentiated and 5—Gleason sum 8 to 10 or poorly differentiated.

Results: We noted significant differences in serum leptin in the cancer versus control and
cancer versus benign prostatic obstruction groups. In addition, in the prostate cancer group
serum leptin correlated with prostate specific antigen and biopsy Gleason score. We also observed
significant differences in serum leptin in groups 1 versus 2, 3 versus 5 and 4 versus 5.

Conclusion: Leptin may have roles in the development of prostate cancer through testosterone
and factors related to obesity. It influences cellular differentiation and the progression of prostate
cancer.
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Prostate cancer is becoming an increasingly important
public health problem, particularly in countries with trends
toward an aging population in the era of prostate specific
antigen (PSA).1 Although the incidence of latent or microfo-
cal prostate carcinoma is higher compared with a much lower
clinical incidence, about the same throughout the world, un-
related to race and increases with age, there is wide variation
in the incidence of clinically significant prostate cancer and
disease specific mortality rates around the world with lowest
rates in Asian countries, while North America and western
Europe have the highest rates.2-3 Furthermore, Chinese and
Japanese men who immigrate to the United States subse-
quently have an increased incidence of and mortality from
prostate cancer compared with men in their native countries
with the rates increasing steadily as Western diets and life-
styles are adopted in those countries.4-6

These epidemiological studies suggest that environmental
factors associated with the Western life-style, encompassing
a high caloric intake from an energy dense diet, particularly
dietary fat and a sedentary life-style, often resulting in obe-
sity, may promote the progression of latent or microscopic
prostate cancer to clinically significant and metastatic pros-
tate cancer.”-®8 Moreover, data from case control and cohort
studies show a positive association of dietary fat with pros-
tate cancer.3-2 In addition, several ecological studies show a
high correlation of average per capita fat consumption with
prostate cancer mortality in a number of countries world-
wide.”® Furthermore, numerous animal studies have pro-
vided direct evidence that changing the fat composition of
diet could modulate the growth rate of already established
prostatic tumors.3.9

To date a few tools, such as body mass index, have been
used to quantify obesity.5-8.10.11 However, leptin currently
serves as a more accurate biomarker for total body fat.1©
Leptin is a circulating hormone controlled by an obese gene
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that is expressed abundantly, especially in adipose tis-
sue.”-8.10,11 Tt is involved in the regulation of food intake,
energy expenditure, and the neuroendocrine/reproductive
(pituitary, thyroid, adrenal cortex and gonads) and hemato-
poietic systems.6-8.11 Like other growth factors, cytokines
and neuroendocrine peptides the leptin system consists of
receptors, binding proteins and ligands in human serum.!2
Plasma leptin correlates with body fat content in that it is
elevated in obesity and decreased in anorexia nervosa.!! Lep-
tin has a significant role in the development and mainte-
nance of reproductive tissues, including the prostate, it in-
duces angiogenesis in vivo and in vitro, and its receptors are
present in the human prostate and vasculature.?-8 Moreover,
neuroendocrine peptides and growth factors are modulators
of prostate epithelial cell proliferation, differentiation and
invasiveness.!3

Given the observed association of obesity and dietary fat
intake with prostate cancer risk, and the known features and
effects of leptin on the prostate we designed a cross-sectional
study to determine whether leptin influences cellular differ-
entiation and progression of prostate cancer. We also deter-
mined its relationship with totaltestosterone, PSA, free tes-
tosterone, estradiol and sex hormone binding globulin. We
evaluated plasma leptin and other parameters in a study of
patients with prostate cancer diagnosed at our institution.

MATERIALS AND METHODS

Patients. From September 1999 to April 2000, 21 men with
a median age of 66 years (range 49 to 84) with prostate cancer
who were consecutively diagnosed by transrectal
ultrasonography-guided biopsy, 50 with a median age of 63.5
years (range 43 to 84) with clinically benign prostatic ob-
struction and pathologically nodular hyperplasia diagnosed
after transurethral resection of the prostate and 50 healthy
male volunteers with a median age of 66 years (range 48 to
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TABLE 1. Parameters assessed in patients with prostate cancer and benign prostatic obstruction, and controls

Benien Prostati p Value

enign Prostatic

Parameters Prostate Ca Obgs truction Controls Ca Vs. Ca Vs. Obstruction
Control Obstruction Vs. Control

No. pts. 21 50 50

Mean body mass index = SE (kg./m.2) 25.45 + 3.08 26.11 + 3.98 25.91 + 4.69 0.960 0.528 0.622

Mean leptin (ng./ml.) 27.33 + 12.50 16.96 = 6.27 17.55 = 7.20 <0.001 <0.001 0.775

Mean PSA (ng./ml.) 18.90 + 14.15 3.17 = 2.30 3.36 = 1.96 <0.001 <0.001 0.208

Mean estradiol = SE (pg./ml.) 29.07 + 10.48 42.15 + 16.88 38.27 + 17.99 0.035 0.002 0.359

Mean totaltestosterone + SE (ng./dl.) 624.57 + 138.87 491.70 = 192.46 498.46 = 170.53 0.003 0.003 0.738

Mean free testosterone = SD (pg./ml.) 24.41 += 9.95 15.17 + 6.56 17.33 + 8.26 0.001 <0.001 0.593

Mean sex hormone binding globulin = 43.14 + 10.96 50.35 + 16.56 50.70 = 10.81 0.100 0.118 0.898

SE (nmol./ml.)

78) were enrolled in our study. The size of the study popula-
tion was based on a power calculation. One of us obtained
patient written informed consent form and a blood sample,
recorded age, and measured the height and weight of all
participants at study enrollment. We calculated the body
mass index as weight in kg./height in m.2. None of these
patients were on any treatment when blood samples were
obtained.

Prostate cancer was staged according to the TNM system
by digital rectal examination, PSA at diagnosis, transrectal
ultrasonography, biopsy Gleason sum, ultrasound guided bi-
opsy, pelvic computerized tomography, magnetic resonance
imaging and radionuclide bone scan. Patients were stratified
into 2 groups by disease spread, including groups 1—organ
confined and 2—advanced disease, including locally ad-
vanced, stage TSNOMO disease, and into 3 groups by the
differentiation degree, including groups 3—Gleason sum 2 to
4 or well differentiated, 4—Gleason sum 5 to 7 or moderately
differentiated and 5—Gleason sum 8 to 10 or poorly differ-
entiated. All patients with prostate cancer were treated prop-
erly. For study standardization we did not examine the cor-
relation of biopsy with radical prostatectomy specimen grade.

Serum leptin measurement. Serum leptin was measured by
radioimmunoassay using a Human Leptin RIA Kit (Linco
Research, Inc., St. Louis, Missouri). Test sensitivity was 0.5
ng./ml., and the variation interassay coefficient was 8.3% in
4.9 ng./ml. and 3.4% in 25.6 ng./ml. Blood samples were
obtained within 1 week before surgery. After 12 hours of
fasting peripheral venous blood was drawn at 8 a.m. Blood
samples were placed into tubes with ethylenediaminetet-
raacetic acid, centrifuged for 20 minutes at 2,000 rpm and
the serum was separated. They were stored at —70C until
analysis. No patients were on any other drugs that could
affect serum leptin. PSA, total and free testosterone, estra-
diol and sex hormone binding globulin levels were measured
by chemiluminescent using a DPC Kit (Diagnostic Products
Corp., Los Angeles, California).

Statistical analysis. A commercially available software
program was used for statistical analysis. Age, body mass
index and baseline leptin in patients and controls were com-
pared by the nonparametric Wilcoxon rank sum W test. Com-
parison of leptin in patients and controls was done with the
Mann-Whitney U test. Leptin in patients with prostate can-
cer, those with benign prostatic obstruction and controls was
compared with the Mann-Whitney U test. In the study of the
correlation of leptin with PSA and Gleason score the bivari-
ate Spearman correlation test was used with p =0.05 consid-
ered statistically significant. Results are shown as the
mean *= SE.

RESULTS

There were no statistical significant differences in age, the
body mass index or sex hormone binding globulin in any
groups. We noted significant differences in serum leptin,
PSA, estradiol, total and free testosterone in the cancer ver-
sus control and cancer versus benign prostatic obstruction

groups (p <0.005, table 1). In addition, in the prostate cancer
group serum leptin correlated with PSA and biopsy Gleason
score (r = 0.728, p <0.0001 and r = 0.701, p <0.001, respec-
tively). Also, PSA also correlated with biopsy Gleason sum in
the same group (r = 0.957, p <0.001).

We observed significant differences in serum leptin, PSA
and sex hormone binding globulin in groups 1 and 2 (table 2).
There were significant differences in serum leptin, PSA, es-
tradiol and sex hormone binding globulin in groups 3 versus
5 but in only leptin and PSA in groups 4 versus 5 (table 3).

DISCUSSION

Overweight and diet induced obesity, representing an ex-
cess of body fat, is highly prevalent due to the diet consumed
in Western countries and it has been associated with several
common forms of cancer, including hormone dependent tu-
mors such as prostate cancer and breast cancer.?-? Although
it has been suggested that the impact of obesity on prostate
cancer development and progression may involve the andro-
gen action axis since androgen is the most potent mitogen for
prostatic cells in vivo, the underlying mechanism and specific
dietary risk factors remain unclear.3.7.9.10,13,14

Leptin as a marker for obesity. The relationships among
body fat, body mass index, testosterone and leptin are com-
plex, and the role of each factor in prostate carcinogenesis
has not yet been clearly elucidated.l® International compar-
isons and epidemiological studies have repeatedly shown a
strong association of prostate cancer with high caloric intake,
often resulting in obesity.3.7-9.13.14 However, determining
that obesity is a risk factor for prostate cancer has many
difficulties. Most studies have quantified obesity as a body
mass index of greater than 30 kg./m.? and there are inherent
limitations to using body mass index to characterize body fat
composition. Men with the same body mass index usually
have different heights and weights and, thus, body mass
index provides no information on body fat distribution, which
has metabolic implication for steroid hormone balance.é.10
More interestingly epidemiological studies show that overt
obesity, as calculated by body mass index, is not a risk factor
but mild overweight may be a risk factor for prostate cancer.®
In contrast to the disadvantages of using body mass index, an

TABLE 2. Comparisons of groups 1 and 2

Parameters Group 1 Group 2 p Value
No. pts. 11 10
Mean body mass index + SE 25.36 = 2.60 25.55 + 3.69 0.863
(kg./m.?)
Mean leptin + SE (ng./ml.) 19.01 = 2.72 36.47 +12.73  <0.001
Mean PSA + SE (ng./ml.) 10.49 = 1.57 28.16 + 16.15  <0.001
Mean estradiol = SE (pg./ml.) 26.96 * 9.53 31.39 = 11.48 0.387
Mean totaltestosterone = SE 605.36 = 153.71 645.70 = 125.13 0.468
(ng./dl.)
Mean free testosterone = SE 23.69 * 10.36 25.21 = 23.69 0.705
(pg./ml.)
Mean sex hormone binding 48.59 + 11.76 37.16 + 6.10 0.006

globulin + SE (nmol./ml.)
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TABLE 3. Comparisons of groups 3 to 5

p Value
Parameters Group 3 Group 4 Group 5

3Vs. 4 3Vs. 5 4Vs. 5
No. pts. 5 9 7
Mean body mass index + SE (kg./m.?) 25.10 + 3.28 25.38 + 1.91 25.78 + 4.34 0.898 0.935 0.758
Mean leptin = SE (ng./ml.) 19.52 * 2.02 27.14 + 17.05 33.15 + 6.36 0.699 0.003 0.05
Mean PSA + SE (ng./ml.) 9.14 + 1.15 13.61 * 3.25 32.68 + 17.60 0.001 0.003 0.001
Mean estradiol = SE (pg./ml.) 25.48 + 5.36 25.88 + 10.67 35.72 = 10.85 0.797 0.042 0.125
Mean totaltestosterone + SE (ng./dl.) 532.20 * 88.84 659.55 + 155.19 645.57 = 132.11 0.162 0.123 0.837
Mean free testosterone = SE (pg./ml.) 22.80 + 12.40 23.00 = 7.99 27.38 + 11.28 0.947 0.432 0.368
Mean sex hormone binding globulin = 46.62 * 6.17 45.21 = 14.86 38.01 £ 5.79 0.898 0.03 0.210

SE (nmol./ml.)

advantage of measuring plasma leptin is the ability to eval-
uate, independent of other aspects of body composition.©
Because plasma leptin represents the body fat mass and the
2 factors correlate highly, leptin as a biomarker for total body
fat may be a more precise measure of fat mass than body
mass index.”

Leptin and prostate cancer. We noted that increased leptin
is significantly associated with testosterone and serum PSA
in men with prostate cancer compared with men who have
benign prostatic hyperplasia and controls. To date only a few
studies have been published on a possible relationship of
leptin to prostate cancer.6.8.10.11 However, the results of
these studies are inconsistent.

Stattin et al measured leptin expression in the prostate by
immunohistochemistry.8 They reported that increased leptin
is associated with prostate cancer, consistent with our find-
ings, and leptin may be a possible key link between the
Western life-style and the transition from a premalignant
lesion to overt prostate cancer. Chang et al also reported that
a higher concentration of leptin is associated with a greater
risk of larger volume tumor, consistent with our findings in
the advanced prostate cancer subgroup.1©® Thus, leptin may
affect the risk of clinically relevant prostate cancer through
testosterone, and factors related to stature and obesity.10
Hsing et al reported that the association of leptin with pros-
tate cancer risk was not statistically significant.6 However,
they also stated that the association of leptin with prostate
cancer risk was confined largely to Chinese men with a
waist-to-hip ratio than 0.87, suggesting that leptin may in-
teract with markers related to abdominal obesity, such as sex
hormones or insulin-like growth factor I, to increase the risk
of prostate cancer.

Lagiou et al detected a weak, inverse but nonsignificant
association of elevated leptin with prostate cancer in a het-
erogeneous patient group.! However, if leptin does not exert
the same effect at all stages, as suggested by our findings, the
design of studies including men diagnosed at different dis-
ease stages in a single but heterogeneous prostate cancer
group may decrease the detection of an association of leptin
with prostate cancer. Therefore, we used 2 study groups,
namely localized and advanced prostate cancer stratified by
clinical tumor stage to determine the role of leptin in prostate
cancer progression. We observed that elevated leptin is sig-
nificantly associated with advanced disease compared with
organ confined disease.

Leptin and the cellular differentiation / progression of pros-
tate cancer. This preliminary study, which to our knowledge
is the first investigation of the relationship of leptin to cel-
lular differentiation and progression in prostatic carcinogen-
esis, shows that elevated leptin is significantly associated
with poorly differentiated cancer and extraprostatic cancer
compared with well/moderately differentiated cancer and lo-
calized disease, respectively. West et al noted that tumor
aggressiveness in the older age group increases with increas-
ing fat intake.15 Similarly, Kolonel et al reported a significant
relationship of dietary fat and prostate cancer mortality in
men 70 years and older.16

Because all prostate cancer foci do not become clinically
apparent cancer,3.7 the hypothesis that elevated leptin influ-
ences prostate tumor development, particularly during the
later stages of carcinogenesis, is biologically plausible.1® In
vitro and in vivo studies show that leptin, as a proinflamma-
tory cytokine, can promote angiogenesis, an important deter-
minant in the growth and spread of many human cancers,
including prostate cancer.?-8 In addition, leptin may enhance
other cytokines and growth factors, particularly vascular
endothelial growth factor, which is involved in neoplastic
transformation.l” These data suggest that leptin may be a
tumor growth promoter and thus, may stimulate tumor pro-
gression by inducing angiogenesis. On the other hand, others
have noted that leptin modulates cell proliferation in hema-
topoietic and embyronic stem cells, and CD4+ human T
lymphocytes, and findings suggest that leptin has a role in
the neoplastic process of several cancer forms.17-12 Attoub et
al reported that leptin promotes the invasiveness of kidney
and colonic epithelial cells through several mechanisms at
various stages of neoplastic transformation.1?

Leptin, testosterone and PSA. We noted that high leptin
and testosterone were associated in the case group. However,
higher circulating testosterone in prostate cancer cases has
not been observed consistently.10:13 It is now clear that PSA
is the most powerful biomarker for detecting prostate cancer.
We observed that serum PSA and leptin were significantly
parallel in case and in the 2 subgroup analyses (tables 1 to 3).
To our knowledge this association has not been reported
previously.

The natural history of prostate cancer is influenced by
several prognostic factors. These factors were classified into
3 categories according to prognostic importance and useful-
ness in clinical management with or without support in the
literature at the College of American Pathologists Consensus
Conference.2? The high association of elevated serum leptin
with advanced and poorly differentiated prostate cancer can
be proposed as a component of category III and future re-
search may confirm our study. The possible limitations of our
series were the potential confounding of variables, cross-
sectional design and small sample size. Confounding was
possible but it should be emphasized that our study purpose
was to determine possible the relationship of leptin to cellu-
lar differentiation and prostate cancer progression.

CONCLUSIONS

The results of our cross-sectional study suggest that leptin
has roles in the development of prostate cancer through
testosterone and factors related to obesity, and it influences
cellular differentiation and prostate cancer progression.
These findings indicate a need for further examination of the
role of leptin in prostate cancer.

REFERENCES

1. Potosky, A. L., Miller, B. A., Albertsen, P. C. and Kramer, B. S.:
The role of increasing detection in the rising incidence of
prostate cancer. JAMA, 273: 548, 1995



10.

11.

LEPTIN AND PROSTATE CANCER

. Breslow, N., Chan, C. W., Dhom, G., Drury, R. A., Franks, L. M.,

Gellei, B. et al: Latent carcinoma of the prostate at autopsy in
seven areas. The International Agency for Research on Can-
cer, Lyons, France. Int J Cancer, 20: 680, 1977

. Fair, W. R., Fleshner, N. E. and Heston, W.: Cancer of the

prostate: a nutritional disease? Urology, 50: 840, 1997

. Muir, C. S., Nectoux, J. and Staszewski, J.: The epidemiology of

prostatic cancer. Geographical distribution and time-trends.
Acta Oncol, 30: 133, 1991

. Boyle, P., Levi, F., Lucchini, F., La Vecchia, C. and Kevi, R.:

Trends in diet-related cancers in Japan: a conundrum? Lancet,
342: 752, 1993

. Hsing, A. W., Chua, S., Jr., Gao, Y., Gentzschein, E., Chang, L.,

Deng, J. et al: Prostate cancer risk and serum level of insulin
and leptin: a population-based study. J Natl Cancer Inst, 93:
783, 2001

. Yip, L., Heber, D. and Aronson, W.: Nutrition and prostate can-

cer. Urol Clin North Am, 26: 403, 1999

. Stattin, P., Soderberg, S., Hallmans, G., Bylund, A., Kaaks, R.,

Stenman, U. H. et al: Leptin is associated with increased
prostate cancer risk: a nested case-referent study. J Clin En-
docrinol Metab, 86: 1341, 2001

. Kolonel, L. N., Nomura, A. M. and Cooney, R. V.: Dietary fat and

prostate cancer: current status. J Natl Cancer Inst, 91: 414,
1999

Chang, S., Hursting, S. D., Contois, J. H., Strom, S. S,
Yamamura, Y., Babaian, R. J. et al: Leptin and prostate can-
cer. Prostate, 46: 62, 2001

Lagiou, P., Signorello, L. B., Trichopoulos, D., Tzonou, A.,
Trichopoulou, A. and Mantzoros, C. S.: Leptin in relation to
prostate cancer and benign prostatic hyperplasia. Int J Can-
cer, 76: 25, 1998

12.

13.

14.

15.

16.

17.

18.

19.

20.

1311

Sinha, M. K. and Caro, J. F.: Clinical aspects of leptin. Vitam
Horm, 54: 1, 1998

Pienta, K. J.: Etiology, epidemiology, and prevention of carci-
noma of the prostate. In: Campbell’s Urology, 7th ed. Edited by
P. C. Walsh, A. B. Retik, E. D. Vaughan, Jr. and A. J. Wein.
Philadelphia: W. B. Saunders Co., vol. 1, chapt. 80, pp. 2489—
2496, 1998

Cai, X., Haleem, R., Oram, S., Cyriac, J., Jiang, F., Grayhack,
J. T. et al: High fat diet increases the weight of rat ventral
prostate. Prostate, 49: 1, 2001

West, D. W, Slattery, M. L., Robison, L. M., French, T. K. and
Mahoney, A. W.: Adult dietary intake and prostate cancer risk
in Utah: a case-control study with special emphasis on aggres-
sive tumors. Cancer Causes Control, 2: 85, 1991

Kolonel, L. N., Yoshizawa, C. N. and Hankin, J. H.: Diet and
prostatic cancer: a case-control study in Hawaii. Am J Epide-
miol, 127: 999, 1988

Foss, B., Mentzoni, L. and Bruserud, O.: Effects of vascular
endothelial growth factor on acute myelogenous leukaemia
blasts. J Hematother Stem Cell Res, 10: 81, 2001

Oliveira, A. M., Nascimento, A. G. and Lloyd, R. V.: Leptin and
leptin receptor mRNA are widely expressed in tumors of adi-
pocytic differentiation. Mod Pathol, 14: 549, 2001

Attoub, S., Noe, V., Pirola, L., Bruyneel, E., Chastre, E., Mareel,
M. et al: Leptin promotes invasiveness of kidney and colonic
epithelial cells via phosphoinositide 3-kinase-, rho-, and rac-
dependent signaling pathways. FASEB J, 14: 2329, 2000

Bostwick, D. G., Grignon, D., Hammond, E., Amin, M. B., Cohen,
M., Crawford, D. et al: Prognostic factors in prostate cancer.
College of American Pathologists Consensus Statement 1999.
Arch Pathol Lab Med, 124: 995, 2000



