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Abstract Prostate carcinoma is the most frequently diag-

nosed malignancy and the second leading cause of death as a

result of cancer in men in the US and other parts of the world.

There are conflicting reports on the serum levels of testos-

terone and 17b-estradiol (E2) in benign prostatic hyperplasia

(BPH) and prostate cancer. This study was designed to

evaluate the serum concentrations of these hormones in

patients with these disorders. Serum levels of prostate spe-

cific antigen (PSA), total testosterone and estradiol were

determined in 228 subjects comprising of 116 subjects with

BPH, 62 subjects with prostate cancer (CaP) and 50 age-

matched apparently healthy controls, using ELISA methods.

PSA levels were significantly elevated (p \ 0.05) in BPH

subjects than controls, while there was no significant dif-

ference (p [ 0.05) in testosterone and estradiol levels of

these subjects. PSA and estradiol levels were significantly

higher (p \ 0.05) in CaP subjects than in controls, while

there was no observed significant difference (p [ 0.05) in

testosterone levels. CaP subjects had significantly raised

PSA, testosterone, and estradiol levels than BPH subjects.

The mean molar ratio of testosterone: E2 was lowest among

CaP patients (134:1) and highest among controls (166:1).

Significant positive correlation between PSA and 17b-

estradiol was observed in prostate disorders (BPH and CaP

patients: r = 0.347; p = 0.000). Significant negative cor-

relations between testosterone and PSA were also observed

among BPH patients (r = -0.221, p = 0.049) and control

subjects (r = -0.490, p = 0.000). No significant correla-

tion existed between testosterone and PSA in CaP patients

(r = 0.051, p = 0.693). Correlations between age and

estradiol in both BPH and CaP were not significant

(p [ 0.05). This study has shown that, there was a significant

increase in serum estradiol in CaP subjects, while the tes-

tosterone levels in both BPH and CaP subjects were not

different from those of controls.
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Introduction

Prostate carcinoma is the most frequently diagnosed

malignancy and the second leading cause of death as a

result of cancer in men in the US and other parts of the

world [1]. Epidemiological surveys have shown that,

prostate cancer is typically a disease of men over age

50 years and the incidence tends to increase with advanc-

ing age [2]. There are remarkable differences in incidence

of prostate cancer among races. Surveys have shown that, it
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is uncommon among Asians and very common among

blacks, with Americans and Europeans occupying the

middle level in terms of prevalence [3, 4]. The incidence of

prostate cancer in Nigerian is on the increase and has

become the number one cancer in men, constituting 11 %

of all male cancers [5, 6]. Studies from various parts of

Nigeria, including Calabar, indicate an upward trend in the

incidence of the disease as well as a rise in the resultant

morbidity and mortality [7]. Studies from other parts of

Africa such as Yaounde, Cameroon and Kwazulu-Natal

region, South Africa have also indicated an upward trend in

the incidence of prostate cancer [8, 9].

Very important risk factors thought to be involved in

prostate carcinogenesis are the steroid hormones [10].

Androgens are clearly important in the growth, devel-

opment, maturation and maintenance of the prostate

gland and there is no doubt that BPH and CaP are

related to the action of androgens. Testosterone is the

mediator of prostate growth after it is converted to

dihydrotestosterone (DHT) in the prostate itself by the

enzyme 5a-reductase [11]. The adult prostate is

dependent upon the presence of testicular androgens to

maintain secretory activity and to attend a fully dif-

ferentiated state. Both epithelial and stromal cells

undergo apoptosis in response to androgen ablation in

the prostate [12]. Generally, serum testosterone con-

centrations in men decline with age [13]. A potential

risk of testosterone therapy is an increased incidence of

prostate cancer. Whereas androgen depletion hinders

the development and clinical progression of prostate

cancer, exogenous testosterone may stimulate growth of

metastatic prostate cancer [14, 15]. Testosterone

appears to be an independent predictor of disease and

enhances the predictive accuracy for BPH [16]. It is

currently uncertain whether higher levels of serum

testosterone are associated with a higher risk of prostate

cancer.

Estrogens, mainly 17-b-estradiol also elicit effects on

the prostate, mediated mainly through intraprostatic estro-

gen receptors—a and b (ER-a, ER-b) [17]. Estrogens are

also thought to play a role in the etiology of BPH, perhaps

by rendering prostate cells more susceptible to the action of

testosterone and DHT [18]. Despite this evidence for

androgenic and estrogenic involvements in BPH develop-

ment, some researchers are of the opinion that since not all

patients benefit from hormonal therapy, factors other than

hormones are involved and could be more important [19].

Results of studies on the association of prostate cancer

and serum levels of testosterone and estradiol have been

largely controversial, as these results have indicated either

positive or negative associations or no association at all. A

nested case control analysis of participants in the USA

physicians’ health study, showed a positive association of

serum total testosterone and free testosterone index with

prostate cancer risk. The associations were strongest

among older men [20]. Two recent nested case control

studies, however, found no association between serum

androgens and prostate cancer [20, 21]. A study by Mearini

et al. [16] supports experimental findings that prostate

cancer is frequently associated with low testosterone levels.

The above discrepancies on the serum levels of these

hormones in BPH and prostate cancer have necessitated

this study to actually evaluate the serum concentrations of

these hormones and PSA in patients with these disorders

and also possibly evaluate the suitability of these hormones

as additional serum markers for the diagnosis and prog-

nosis of prostate cancer and benign prostatic hyperplasia

(BPH).

Materials and Methods

Subject Selection

The subjects for this study were patients attending the

urology out-patient clinic of the University of Uyo

Teaching Hospital, Uyo, Akwa Ibom State, Nigeria. The

patients were those with confirmed prostate cancer or BPH

as judged by biopsy examination report. All subjects were

ambulant and attended the clinic on their own. Age-mat-

ched control subjects obtained randomly in the city of Uyo

from apparently healthy men were also included in this

study. Informed consent of the subjects were obtained

before blood collection. The selection of subjects and

collection of blood samples from these subjects lasted from

April 2008 to December, 2008. A total of 228 subjects

comprising of 116 subjects with BPH, 62 subjects with

prostate cancer (CaP) and 50 age-matched apparently

healthy controls, were selected for the study. Sample size

was calculated based on prostate cancer prevalence and

male population in Uyo, Akwa Ibom State. Approval for

this study was obtained from the Research Ethical Com-

mittee of the University of Uyo Teaching Hospital. Blood

samples were obtained from the subjects.

Sample Collection, Preservation and Analysis

Serum samples were used for the various analyses in this

study. The serum obtained were stored at -70 �C until

analyses. The assays for serum PSA, testosterone and

17b-estradiol were carried out using the enzyme linked

immunosorbent assay (ELISA) with reagents from For-

tress Diagnostics Limited, BT41 1QS, United Kingdom.

The absorbances and concentrations were read with Rayto

RT-2100c microplate reader manufactured by Rayto Life

and Analytical Sciences Co. Ltd. China. Assay procedures
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for all parameters were controlled using commercial

control sera provided by the kit manufacturer. Cross-

reactivities with other matrix components were less than

1 %.

Statistical Analysis

Data was analysed using SPSS 17.0 software (SPSS. Chi-

cago, IL, USA). Difference between means of the groups

were analysed using ANOVA Post hoc and Student’s t test,

Pearson’s correlation was performed to study the rela-

tionship between parameters. Significant difference was

considered at p \ 0.050.

Results

This study measured the serum testosterone, 17b-estradiol

and PSA of BPH and prostate cancer patients and compared

same with those of controls. There was statistically signifi-

cant difference between the means of PSA, testosterone, and

estradiol in controls, BPH and Prostate cancer subjects. Also,

the mean molar ratios of testosterone: estradiol for the three

groups decreased steadily thus; controls [ BPH [ CaP

(166 [ 157 [ 134). There was a statistically significant

(p \ 0.05) difference between serum PSA of controls and

BPH subjects, while the differences were not statistically

significant (p [ 0.05) with testosterone and 17b-estradiol of

the same groups (Table 1). As shown in Table 2, there were

significant (p \ 0.05) differences between PSA of the

controls and prostate cancer subjects, 17b-estradiol of the

same groups (t = 12.75 and 5.47 respectively) while the

difference with total testosterone of the same groups, was not

statistically significant (p [ 0.05). The serum PSA, testos-

terone and 17b-estradiol between BPH and CaP subjects

were significantly (p \ 0.05) different in all three parame-

ters (Table 3) (Fig. 1).

Significant positive correlation between PSA and 17b-

estradiol was observed in prostate disorders (BPH and CaP

patients: r = 0.347; p = 0.000). Significant negative cor-

relations between testosterone and PSA were also observed

among BPH patients (r = -0.221, p = 0.049) and control

subjects (r = -0.490, p = 0.000). No significant correla-

tion existed between testosterone and PSA in CaP patients

(r = 0.051, p = 0.693). As shown in Fig. 2 and Fig. 3

respectively, there were significant (p \ 0.05) positive

correlations between age and PSA in the BPH and control

groups (r = 0.33 and 0.52 respectively), while it was not

significant (p [ 0.05) in the CaP group(r = 0.18). We

found significant (p \ 0.05) negative correlations between

age and serum testosterone in the CaP and control groups

(r = -0.27 and -0.85 respectively) (Figs. 4, 5), while it

was not significant (p [ 0.05) in the BPH group

(r = 0.08). We found no statistically significant (p [ 0.05)

correlations between age and 17b-estradiol in control

subjects, subjects with BPH and subjects with CaP

(r = 0.04, 0.05 and -0.01 respectively). The correlations

between serum testosterone and 17-b estradiol in control,

BPH and CaP patients, were all not significant (p [ 0.05,

r = 0.15, 0.12 and 0.13 respectively).

Table 1 Comparison of serum PSA, testosterone and estradiol between BPH patients and controls

Parameter Control BPH t Values p Value Significance

n = 50 n = 116 t-cal t-tab

PSA (ng/ml) 1.51 ± 0.68 8.86 ± 6.82 7.50 1.96 0.00 S

Testosterone (ng/ml) 4.90 ± 1.83 4.38 ± 2.04 1.53 1.96 0.119 NS

Estradiol (pg/ml) 29.38 ± 7.10 30.17 ± 11.78 0.44 1.96 0.594 NS

Results presented as mean ± SD

S significant, NS not significant, t-cal calculated t value, t-tab tabulated t value

Table 2 Comparison of serum PSA, testosterone and estradiol between prostate cancer patients and controls

Parameter Control BPH t Values p Value Significance

n = 50 n = 62 t-cal t-tab

PSA (ng/ml) 1.51 ± 0.68 48.03 ± 25.64 12.75 1.98 0.000 S

Testosterone (ng/ml) 4.90 ± 1.83 5.16 ± 2.54 1.91 1.98 0.526 NS

Estradiol (pg/ml) 29.38 ± 7.10 43.39 ± 16.79 5.47 1.98 0.000 S

Results presented as mean ± SD

S significant, NS not significant, t-cal calculated t value, t-tab tabulated t value
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Discussion

The serum levels of testosterone and 17-b estradiol in

patients with BPH and prostate carcinoma (CaP) have

largely been a controversy. Gann et al. [20] reported raised

serum testosterone levels in these diseases, Mearini et al.

[16] reported reduced serum levels. Other studies reported

that these hormones are not affected in these disorders [11,

22]. Our findings show that levels of testosterone in CaP

did not differ significantly from the level in controls, but E2

was significantly raised compared to levels in controls and

BPH. Although actual circulating levels of testosterone is

similar in both controls and CaP, the high level of E2 is

likely derived from increased transformation of testoster-

one to E2.

The serum levels of estradiol were not affected by age.

There was no correlation between age and estradiol in both

controls and the study groups. Also the correlation of tes-

tosterone with estradiol in both controls and the disease

groups were not significant. The increased serum levels of

17b-estradiol in patients with prostate cancer could be due

to increased activities of the enzyme, aromatase which

converts testosterone to 17b-estradiol in the prostatic epi-

thelia [18]. It has been reported that, 17b-estradiol and

DHT work synergistically to promote prostate carcino-

genesis [23]. Estrogen renders the prostatic cells suscepti-

ble to the action of DHT [24]. This study showed that, there

was no significant difference between the serum levels of

17b-estradiol in patients with BPH when compared with

controls. In benign hyperplasia, the cells of the prostatic

epithelia and stroma are well differentiated resembling the

normal prostatic cells and would probably exhibit control

over the process of aromatization [23]. This suggests that,

there still remains a good level of regulation in the secre-

tion and activities of the enzyme, aromatase which con-

verts testosterone to 17b-estradiol.

Epidemiological evidence has implicated androgens and

estrogens as playing possible roles in the genesis of human

prostate cancer [25, 26]. In aggregate, our findings showed

that cancer, largely a disease of older men, develops in a

hormonal milieu where circulating levels of estrogens

predominate over declining levels of androgens. African-

American men, who have the highest incidence of prostate

Table 3 Comparison of serum PSA, testosterone and estradiol between BPH and prostate cancer patients

Parameter BPH CaP t Values p Value Significance

n = 116 n = 62 t-cal t-cal

PSA (ng/ml) 8.86 ± 6.82 48.03 ± 25.64 15.3 1.96 0.000 S

Testosterone (ng/ml) 4.38 ± 2.04 5.16 ± 2.54 2.20 1.96 0.037 S

Estradiol (pg/ml) 30.17 ± 11.78 43.39 ± 16.79 6.06 1.96 0.000 S

Results presented as mean ± SD

S significant, NS not significant, t-cal calculated t value, t-tab tabulated t value
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Fig. 2 Correlation graph of age and PSA levels in control subjects
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cancer in the world, have elevated levels of estrogens at

early ages [27] and higher estrogen exposure in utero. In

contrast, Japanese males, who have a low incidence of

disease, have low serum estradiol-17b (E2) values when

compared with age-matched Caucasians [28]. The molar

ratio of testosterone to estradiol in the controls (166:1) was

higher than that of BPH (157:1) patients which in turn was

higher than that of CaP patients (134:1). The molar ratio of

the CaP patients was the lowest, probably because of a

much higher level of estradiol among the patients. The

findings in this study emphasizes that estradiol (E2) appears

to play a more important role in the development of BPH

and prostate cancer than testosterone. This increased serum

level in E2 has been attributed to the action of the enzyme

aromatase on testosterone, which converts it to E2. This is

probably why testosterone levels in BPH and CaP are not

significantly raised.

PSA in this study increased with advancing age and a

significant negative correlation between testosterone and

PSA was observed among controls. Similar correlation

between testosterone and PSA was not significant among

BPH and CaP patients. This can be explained by the fact

that, serum PSA increases with advancing age due to

increased prostate volume, while testosterone decreases

with advancing age. This negative correlation is gradually

lost in BPH and CaP probably because of the associated

increase in PSA levels in these conditions regardless of the

age of patients. The expected increase in PSA and decline of

testosterone with age observed in control and to a lesser

extent in BPH did not occur in CaP patients. This suggests

strongly a role for these hormones in BPH and CaP. The

direct relationship between age and PSA observed among

BPH subjects was weaker than those of control subjects,

and did not however exist among the CaP patients. This

gradual loss of a positive correlation between age and PSA

among BPH and CaP patients is probably because, while

PSA levels continue to increase in these diseases, the age

remains unchanged. This study has shown that, in healthy

individuals, there is a strong negative correlation between

testosterone and age. The negative correlation between

testosterone and age observed in control subjects was also

not observed with CaP patients, probably because, the

prostate epithelia in CaP have lost the ability to produce and

retain testosterone. The continuous increase in the prostate

volume, extensive damage to the prostate cells and

increased expression and activities of the aromatase and

testosterone-5a-reductase enzymes associated with

advanced prostate cancer are probably the cause of the very

significant change observed in these parameters between
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BPH and prostate cancer. It may therefore be possible to use

the levels of PSA and estradiol to make a differential

diagnosis between BPH and prostate cancer. There was a

significant positive correlation between PSA and estradiol

in BPH and to a lesser extent in prostate cancer patients.

This finding indicates that the level of E2 increases with the

concentration of PSA hence relating the activities of aro-

matase enzyme with prostate cellular proliferation. The

action of E2 in prostatic hormonal carcinogenesis is thought

to be mediated by estrogen receptor a (ERa) [29]. High

level of E2 had been shown to up-regulates telomerase

activity in normal prostrate epithelial cells [30] through this

receptor and proliferative response to high E2 in the prostate

glands of mice had been demonstrated except in those

lacking ERa [31]. The molecular mechanism modifying the

ERa-mediated action of E2 in hormonal prostrate carcino-

genesis could be linked to increase expression of c-fos

proto-oncogene which in the presence of c-jun forms tran-

scription factor activated protein 1 (AP-1). AP-1 is involved

in the transformation of prostatic cell to a neoplastic phe-

notype. AP-1 complex has also been implicated in the

transformation and progression of cancer via the up-regu-

lation of diverse genes that are involved in cellular prolif-

eration, differentiation, invasion and cellular damage.

Conclusion

This study has been able to show that, the serum level of

17b-estradiol is raised significantly in patients with pros-

tate cancer and to a lesser extent in BPH thus emphasizing

the role of 17b-estradiol in prostate carcinogenesis in the

milieu of normal testosterone. The study further showed a

strong positive correlation between PSA and 17b-estradiol

among CaP and BPH patients which supports the rela-

tionship between aromatization and prostate proliferative

activities. Serum 17b-estradiol can be included as an

additional serum marker for prostate cancer diagnosis after

due standardization and validation.
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