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€ Relevance. Benign prostatic hyperplasia (BPH) is characterized by the presence of stromal and glandular hyperplasia
in the periurethral and transitional zones. To describe the nature of intravesical growth of prostate tissue, an index of
intravesical prostatic protrusion (IPP) was proposed. Clinically, men with an IPP measuring 10 mm or more are less likely
to respond to al-blocker therapy and 5a-reductase inhibitors. Thus, the description of the morphological features of the
prostate depending on IPP grade is an actual issue. Purpose: to identify features of the morphological structure of the
IPP in men with BPH. Materials and methods. Surgical treatment of the clinical form of BPH was performed to 30 men.
Patients were divided into 2 groups: 1st group had IPP less than 10 mm (n = 12) and the 2nd group had IPP 10 mm or
more (n = 18). In this study we evaluated the age, prostate volume and the value of IPP. The material for morphological
investigation was obtained with transurethral resection of the prostate from the IPP zone. For light-optical examination,
the preparations were stained with hematoxylin-eosin for routine evaluation of the structure of the prostate gland and
for Van Gieson to estimate the proportion of the muscular and fibrous components of the stroma. The quantification
of structural indicators was carried out by means of the television image analyzer MEKOS-TS2 in an automatic
mode. Results: The groups were similar in age and prostate volume. In the group with IPP value of 10 mm or more, the
proportion of the stromal component in the IPP zone was 77.5 £ 11.0%, the proportion of the glandular component was
22.5 £ 11.0%, respectively. In the group of men with IPP less than 10 mm, the proportion of the stromal component in
the IPP zone was 96.0 * 1.5%, the proportion of the glandular component was 4.0 £ 1.5%, respectively (p < 0.05). It was
also found that with an increase in IPP there is a tendency to decrease the proportion of the muscular component of the
stroma. Conclusion: In men with BPH, with an increase in the value of intravesical prostatic protrusion in this zone,
a relative increase in the proportion of the glandular component and a decrease in the proportion of the stromal compo-
nent is proved, as well as a tendency to reduce the proportion of the muscular component of the stroma.

€ Keywords: benign prostatic hyperplasia; intravesical prostatic protrusion; morphological examination; stroma;
muscular component; morphometry.
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©& Axmyanvrnocmo. [Jo6pokadecTBeHHas TUIEPIIIa3us npencTaTenbHoit sxenessl (ITTDK) xapakrepusyercs: Hanu-
YleM CTPOMAIbHO M JKe/Ie3UCTON TUIIePIIa3/M B IIEpUYPETPaIbHbIX M TPAH3UTOPHBIX 30HaX. /1 ONMCaHNA XapaK-
Tepa BHYTPUIY3bIPHOTO POCTa TKAHMU MpefcTaTenbHoit xenessl (IIK) 6b11 peaioxxeH oKasaTe/b NHTPaBe3UKaIb-
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Hoit mpoctaTudeckoit mpotpysuu (VIIIII). Knuundecku otmedeno, uto npu Hanuyauu VUIIIT pasmepom 10 MM u 60ree
HAaLMeHThbl B MEHbIIell CTelleH) OTBEYAlOT Ha Tepamnio al-agpeHo61oKaTopaMu M MHIMOUTOPAMU 5a-PefyKTa3bL.
TaxkumM 06pasoM, aKTya/lIbHBIM BOIIPOCOM fBJISIETCS OMUCaHUe MOP(OIOTNYeCKUX 0COOEHHOCTEN MPefCTaTeNbHOI
JKeTIe3bl MPY PasINIHbIX KIMHUYeckux mnokasarensx VIIIL. Ilenv: BoisiBIeHUe U OLjeHKA 0cobeHHOCTE MOpdoro-
rudeckoro crpoenus 3ousl VI y myxuun ¢ JTTDK. Mamepuanvt u memoowt. OnepatuBHOe jledeHUe KINHNYe-
cxoit popmer ATTDK mposenero 30 my>xunHaM. bonbHble 6bl1n paspeneHs! Ha fBe rpymmsl: numetorne VIITIT menee
10 MM (n = 12) u umeromme VIIIT 10 mm u 60nee (n = 18). B HacTosimert paboTe oLeHMBanu BO3pacT, 06beM mpef-
crarenpHoit xenessl (OIDK) u Benrnuuny VIII. Martepuan A1 MOpGONTOTMYeCKOro MCCIeROBAHMA MOyIanu Ipu
TpaHcypeTpanbHoll pesekuny IDK us sonst VIIII. [I14 cBeTOONTHMYECKOTO M3y4eHNsA NpenapaThl OKPALIMBa/N Te-
MaTOKCU/IVHOM J 303MHOM [/ PYTUHHOI olleHKN cTpYKTyphl IDK 1 mo Ban-Iusony /1 oljeHKM 0711 MBIIIEYHOTO
" GpUOPO3HOrO KOMIOHEHTOB CTPOMBL. KBaHTU(MKALMIO CTPYKTYPHBIX [TOKa3aTe/ell OCYI[eCTB/I/IN ITIOCPEACTBOM
TelleBUSMOHHOTO aHanmmsaropa msobpaxenus MEKOC-II2 B aBTomMaTnmdeckoM pexxume. Pesynvmamwi. Tpymmst
ObIIM cXOXMMIU 110 Bo3pacTy mauuentos u OIDK. B rpynmne ¢ Bennunsoit VI 10 MM 1 6071ee Ko7s1 CTPOMaIbHOTO
xomnoHeHTa B 30He VIIII cocraBuma 77,5 + 11,0 %, gomns xenesuctoro kKoMmmonenra — 22,5 + 11,0 %. B rpynne
my>xuuH ¢ VIIII menee 10 MM oA cTpoManbHOro kommnonenTa B 3oHe VIIIII okasanacey pasuoit 96,0 + 1,5 %, mona
Kere3uctoro komnoHenta — 4,0 £ 1,5 % (p < 0,05). Takxe YCTaHOBIEHO, 4TO ¢ yBenudenueM VIIII umeerca Ten-
IeHLMs K YMEHBIIEHNIO JOMU MBIIIEYHOTO KOMIIOHEHTa CTPOMBL. Bwt6odwt. Y myxxunu ¢ [ITTDK npu yBenndennn
IIOKasaTed MHTPAaBEe3MKAAbHOM MPOCTAaTUYECKOI NPOTPY3UN B 3TOM 30HE NOKAa3aHO OTHOCUTENIbHOE yBeIMYeHUe
IO YKETIe3MCTOr0 KOMIIOHEHTA I YMeHbIlIeHNe JO/IM CTPOMAIbHOTO KOMIIOHEHTA, a TAK)XXe TeHJeHIIA K YMeHbllle-
HUIO JOY MBIIIEYHOTO KOMIIOHEHTA CTPOMBI.

@ Knroueswvie cnosa: IIO6POKa‘IECTBEHHaH TUNepIasnAa npe;[CTaTeanoﬁ[ JKenne3bl; MHTPpaBE3MKa/IbHAA IIPOCTATNYECKAA
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HIpOTPY3Ust; MOPPOIOrnIecKoe ICCIefOBaHe; CTPOMA; MBIIIEUHbI KOMIIOHEHT; MOP(POMETpPUSL.

INTRODUCTION

A healthy prostate is composed of approximately
70% glandular tissue and 30% fibromuscular stroma.
Accordingly, several men over the age 40 develop be-
nign prostatic hyperplasia (BPH), with the same be-
ing observed in approximately 50% and 90% of men
by the age of 60 and 85, respectively [1]. Structural
changes within the periurethral and transient zones
of the prostate have been characterized by hyperpla-
sia of stromal and glandular tissues [2-4]. Moreover,
BPH causes bladder outlet obstruction (BOO), which
leads to urinary disorders. Subsequently, obstruc-
tive lower urinary tract symptoms (LUTS) during
BPH have been associated with the so-called static
and dynamic components of BOO. The static com-
ponent is related to mechanical compression of the
prostatic urethra by the hyperplastic tissue, whereas
the dynamic component is related to smooth muscle
spasm in the vesicourethral segment. The first treat-
ment option for LUTS in patients with BPH includes
al-adrenergic blockers, because they mediate relax-
ation of smooth muscles in the prostate and bladder
neck, thus decreasing the dynamic component. More-
over, reducing the static component involves the use
of 5a-reductase inhibitors considering that the en-
zyme 5a-reductase catalyzes the conversion of testos-
terone to dihydrotestosterone, which is responsible
for stromal growth. In 1985, Japanese researchers in-
troduced a new prostatic ultrasound parameter - in-

travesical prostatic protrusion (IPP) - to evaluate the
type of intravesical growth during BPH [5]. Further
studies have demonstrated that men with an IPP of
10 mm or greater develop more frequent BOO [6].
Furthermore, patients with high-grade IPP are
less likely to respond to conservative therapy with
al-adrenergic blockers [7, 8]. Meanwhile, no sig-
nificant decrease in the IPP grade was observed af-
ter a course of 5a-reductase inhibitors (dutasteride)
despite a reduction in prostate volume [9]. Thus, to
identify possible reasons underlying the inadequate
efficacy of pharmacotherapy for LUTS in patients
with an IPP over 10 mm, morphological examina-
tion of the prostate tissue is recommended.

The present study aims to identify and evaluate mor-
phological characteristics within the IPP zone in men
with BPH.

MATERIALS AND METHODS

Tissue samples for morphological examination were
obtained from 30 patients who underwent transurethral
resection for BPH between 2015 and 2017. Prior to sur-
gery, the patients received only al-adrenergic blockers
and underwent standard urological examination ac-
cording to the approved clinical guidelines of the Rus-
sian Society of Urology [10]. The examination included
laboratory testing, a questionnaire (I-PSS), ultrasound
examination of the urinary tract (including IPP mea-
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surement), and uroflowmetry. All 30 men were diag-
nosed with a clinical form of BPH that required surgi-
cal treatment. Study participants were divided into two
groups according to their IPP grade. Group 1 included
12 patients with an IPP of less than 10 mm, whereas
group 2 comprised 18 patients with an IPP of 10 mm or
greater. Tissue samples for morphological examination
were obtained from the IPP zone during transurethral
resection of the prostate. The IPP zone was defined as
a protrusion of the prostate located within the bladder
neck area. Histological slides were stained using hema-
toxylin and eosin and Van Gieson’s staining and then
assessed using light microscopy. Light microscopy and
densitometry were performed using the MECOS-C2
TV image analyzer and MECOS-VA software. Patho-
morphological examination included evaluation of the
stromal and glandular components, fibrous tissue, and
muscle fibers of the stroma within the IPP zone. Sta-
tistical analysis of quantitative results included calcula-
tion of mean values, standard deviations, and minimum
and maximum values (for normally distributed data).
Student’s t-test was used to determine significant dif-
ferences among results with the significance level set at
P <0.05.

RESULTS

Participants in Groups 1 and 2 had a mean age of
69.5 + 7.7 years (range: 54-81 years) and 70 + 9.5 years
(range: 56-90 years), respectively.

The mean prostate volume and IPP grade
were 653 %194 cm’ (range: 36.6-98 cm’) and
6.3+£2.1 mm (range: 2.5-9.1 mm) in Group 1 and
74.6 £19.6 cm® (range: 46.3-107 cm’) and 154 + 4.9 mm
(range: 10.3-28 mm) in Group 2, respectively (Table 1).

Morphological examination of prostate tis-
sue samples (hematoxylin and eosin-stained slides)
demonstrated the following results. The proportion
of the stromal component within the IPP zone was
96.0% £ 1.5% (range: 90%-100%) and 77.5% + 11.0%
(range: 25%-100%) in Groups 1 and 2, respectively
(Figure 1). The proportion of the glandular compo-
nent was 4.0% = 1.5% (range: 0%-10%) in patients
with an IPP of less than 10 mm and 22.5% + 11.0%
(range: 0%-75%) in those with an IPP of 10 mm or
greater. Statistical analysis indicated significant differ-
ences in the proportion of stromal and glandular com-
ponents between both groups (p = 0.044).

The distribution of muscle and fibrous tissues
in the stroma was analyzed in Van Gieson-stained
slides. The proportion of muscle tissue within
the IPP zone was 65.5% * 16.9% (range: 1%-90%)
and 56.7 £ 16.4% (range: 30%-90%) in Groups 1
and 2, respectively (Table 2; Figure 2). However, the
difference between both groups was not statistically
significant (p = 0.45).

DISCUSSION

BOO, which gradually develops along with pros-
tate enlargement, can lead to LUTS in men. BPH has
been known to develop within the periurethral and
transient zones of the prostate, appearing as epithelial
(glandular) and stromal proliferation due to impaired
apoptosis [11]. BPH development requires testicular
androgens. The enzyme steroid 5a-reductase, located
on the nuclear membrane, catalyzes the conversion of
testosterone to dihydrotestosterone in prostate cells.
Dihydrotestosterone binds to specific DNA sites cau-
sing increased transcription of androgen-dependent

Table 1

Mean age, prostate volume, and IPP in patients with BPH

Tabnuya 1

CpepHue 3HaYeHN A BO3PacTa, 00beMa NMpefCcTaTeIbHOII >Kele3bl ¥ MHTPaBe3NKaIbHOI NPOCTATNYeCKOIi
NMPOTPY3NN Y 6OTHHBIX J0OpOKadeCTBEHHOI TUIepPIUIasHeli IpegCcTaTeNbHOM JKele3bl

Parameter IPP less than 10 mm IPP of 10 mm or greater
(n=12) (n=18)
Ace. vears 69.5+7.7 70 £9.5
ge, v (54-81) (56-90)
Prostate volume. cm? 65.3+19.4 74.6 £ 19.6
’ (36.6-98) (46.3-107)
6.3+2.1 154+49*
IPR, mm (2.5-9.1) (10.3-28)
Note: * significant difference at p < 0.05.
BPH, benign prostatic hyperplasia; IPP, intravesical prostatic protrusion

& UROLOGICHESKIE VEDOMOSTI

2017 Vol7 No4 ISSN 2225-9074



20 ORIGINAL PAPERS

Table 2

Morphological parameters within the IPP area in patients with BPH
Tabnuya 2

Mopdonorndeckue mokasaTenn B 30He MHTPaBe3MKaAbHON MPOCTATUYECKOI IPOTPY3UHU Y GOTBHBIX JOOPOKa-
4eCTBEHHOJ IMIepIasyeii NpecTaTeIbHOI XKelle3bl

Parameter IPP less than 10 mm IPP of 10 mm or greater
(n=12) (n=18)
96.0 + 1.5 77.5+£11.0 *
s o
Stromal component within the IPP area, % (90-100) (25-100)
40%15 22.5+11.0 *
s o
Glandular component within the IPP area, % (0-10) (0-75)
65.5 +16.9 56.7 + 16.4
. cs o
Muscle tissue within the IPP area, % (1-90) (30-90)
Note: * significant difference at p < 0.05.
BPH, benign prostatic hyperplasia; IPP, intravesical prostatic protrusion

Fig. 1. Morphological image of benign prostatic hyperplasia within the intravesical prostatic protrusion area: @ — prevalence of the glandular compo-
nent; b — prevalence of the stromal component. / — glands, 2 — stroma (hematoxylin and eosin staining, 40x magnification)

Puc. 1. MopdoJioruieckast KapTuHa J00poKayeCTBEHHOI THIEPIIA3HH TTPECTATE/bHOI 2KeJle3bl B 30He HHTPABE3UKAJBHOM TPOCTATHUECKOI TPOTPY3HH:
a — npeoOJ1ajlaHie XKeJNe3UCTOro KOMIOHeHTa; 6 — npeo0OJiajiaHie CTPOMaJIbHOrO KOMIOHeHTa. | — »KeJle3bl, 2 — cTpoMa (OKpacka reMaTOKCHJIHHOM

1 903MHOM, yBesiuenne x40)

genes and, consequently, increased protein synthe-
sis [12]. There are two types of steroid 5a-reductases
encoded by two different genes [13]. The type I iso-
zyme is extraprostatic and is detected primarily in the
skin and liver, whereas the type II isozyme is primarily
prostatic but can be found in extraprostatic tissues as
well. The type II isozyme plays a key role in the growth
and development of the prostate, as well as its subse-
quent progression toward benign hyperplasia [14].
Immunohistochemical studies have shown predomi-
Fig. 2. Morphological image of the stroma within the intravesical prostatic nanﬂy stromal expression of 5a-reductase type II[15].
protrusion area (Van Gieson's staining, 40x magnification): / — fibrous Thus, stromal cells play a vital role in androgen—de—
pendent prostate enlargement. McNeal et al. demon-
Puc. 2. MopdoJioruyeckast KApTHHa CTPOMbI B 30HE MHTPaBE3HKaJIbHOM strated that the stromal component predominates in
HpOCTaTI/l'{eCKOf/’I NPOTPY3UH IIpH OKpallMBaHWH 10 BaH-rI/lfSOHy (yBe- the perlurethral area durlng the early stages Of BPH_
Several authors believe that as BPH progresses, the
proportion of stromal tissue decreases, whereas that

tissue (yellow), 2 — muscle fibers (red)

smuenue x40): | — ¢ubpo3Hble BOJMOKHA (OKpaLleHbl B XKeJIThIi LBET),
2 — MblllIeYHble BOJIOKHA (OKpALLIeHbI B KPACHbII1 LIBET)
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of glandular tissue increases. The ratio between such
changes, however, varies from one patient to another.
Nonetheless, such results are of considerable impor-
tance when selecting an optimal treatment strategy for
LUTS in patients with BPH.

Pharmacotherapy using uroselective al-blockers
(eliminating the dynamic component of BOO by
relaxing smooth muscles in the vesicourethral seg-
ment) and 5a-reductase inhibitors (decreasing the
static component of BOO by reducing adenomatous
nodes) has been the first-line therapy for LUTS in
patients with BPH. However, treatment outcomes re-
main difficult to predict. Several researchers suppose
that treatment efficacy largely depends on the pres-
ence of BOO and bladder contractility. Moreover, we
cannot ignore the fact that structural changes in the
prostatic tissue at different stages of BPH can pre-
determine pharmacotherapeutic efficacy. Thus, the
present study had been undertaken to assess histo-
logical characteristics during BPH. Patients were di-
vided into two groups according to their IPP grade.
Group 1 included 12 men with an IPP less than
10 mm, whereas Group 2 comprised 18 men with
an IPP of 10 mm or greater. Although participants
in Group 2 were older and had slightly greater pros-
tatic volume than those in Group 1, no significant
difference in such parameters was observed between
both groups. Morphological examination revealed a
statistically significant decrease in the proportion of
stromal components within the IPP zone of partici-
pants from Group 2. Further evaluation of the stro-
mal component (proportion of muscle and fibrous
tissues) showed no significant differences between
both groups, although a clear downward trend in the
number of muscle fibers within the IPP zone was ob-
served in patients with an IPP of 10 mm or greater.
Our results are consistent with those of Hirayama et
al., who observed a relative increase in the glandular
component and a decrease in the stromal component
of resected prostate samples as IPP increased [16]. We
should also take into account that specimens in the
present study were collected after a 6-month course
of al-adrenergic blockers. Moreover, men included
in the present study did not receive 5a-reductase in-
hibitors, which may explain the difference in the pa-
rameters assessed.

Our findings suggest that patients with an IPP
of 10 mm or greater develop expansion of glandu-
lar structures and reduction of muscle tissue in the
stroma. Moreover, our results can help explain one

of the mechanisms underlying the low pharmaco-
therapeutic efficiency of al-adrenergic blockers and
5a-reductase inhibitors. The reduction of muscle tissue
in the stroma of individuals with an IPP of 10 mm or
greater can definitely determine low therapeutic effica-
cy of al-adrenergic blockers. However, the anatomical
features of the intravesical prostatic component could
likely be the most significant contributor to urinary dis-
orders in men with an IPP of 10 mm or greater is likely
to be made. Several authors believe that the emergence
of BOO as BPH progresses largely depends on the elas-
ticity of the prostate pseudocapsule and the fascia sur-
rounding it. High elasticity is often associated with lat-
eral prostate enlargement, whereas low elasticity causes
prostate enlargement toward the bladder. The absence
of fascia surrounding the bladder neck area facilitates
prostate base prolapse and pronounced IPP develop-
ment. In patients with high-grade IPP, the intravesical
portion of the prostate has been suggested to experience
radial compression due to the intravesical pressure gen-
erated during urination. This leads to the narrowing of
the prostatic urethra and emergence of the ball valve ef-
fect, which leads to the development of BOO [17].

We also note that the efficacy of conservative ther-
apy in patients with various IPP grades depends on
multiple anatomical and morphological factors, both
dynamic and functional. Consequently, explaining all
BPH-associated urinary disorders through a single
mechanism may seem impossible. Nonetheless, explor-
ing individual components that play a significant role
in these disorders may provide a better understanding
of the overall picture, which should ultimately lead to
improved treatment of men with BPH.

CONCLUSION

Our findings indicated that among patients with
BPH, those who had high-grade IPP showed a signifi-
cant decrease in the proportion of the stromal compo-
nent and an increase in the proportion of the glandular
component. Moreover, a tendency toward decreased
muscle tissue in the stroma had been observed. The re-
sults support clinical data suggesting the low therapeu-
tic efficacy of al-blockers, as well as controversial data
regarding the possibility of IPP reduction in response to
5a-reductase inhibitors in men with an IPP of 10 mm
or greater.
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