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Evaluation of the activity of prostate cancer
biomarkers in post-massage urine

R.O. Danilets, V.M. Grigorenko, Ye.l. Afanasyev, A.P. Nesterchuk, M.G. Romaniuk
GI <«Institute of Urology of the National Academy of Medical Sciences of Ukraine», Kiev

Prostate cancer (PC) — refers to important and serious problems in urology. In Ukraine, PC ranks fourth in the structure of
malignant neoplasms and third in the structure of mortality of men over 60 years. An important issue in the systemic approach
to improving the quality of health care to ensure life expectancy while maintaining activity in men is not only the search for new
highly sensitive, specific and non-invasive diagnostic methods that will detect PC in the early stages of the disease, but also
the need to review and justify new threshold values of already known biomarkers, and the ability to find their optimal combi-
nations. Many studies have shown that the detection of sarcosine by high performance liquid chromatography in combination
with electrochemical analysis of the element has made it possible to prove the limit of detection of sarcosine in the urine of
cancer patients. Imperfect study and limited use in clinical practice of prognostic features of acid phosphatase (PCP), citrate,
zinc, sarcosine, spermine and myoinositol as biomarkers in post-massage urine prompted this kind of study.

The objective: to evaluate the activity of acid phosphatase, citrate, zinc, sarcosin, spermine and monoinositol in post-
massage urine as biomarkers of prostate cancer.

Materials and methods. During the period 2016—-2020, 246 men, aged 45 to 84, were examined on the basis of the Institute of
Urology of the National Academy of Medical Sciences of Ukraine with complaints of urination disorders who were hospital-
ized or underwent a comprehensive examination. All patients received written consent to participate in the study, which was
approved by the Ethics ComMission in the Institute of Urology of the National Academy of Medical Sciences of Ukraine.
All PC patients underwent 12-point prostate biopsy under TRUS control using a G18 biopsy needle. During pathomor-
phological examination PC was classified according to Gleason’s score. Patients were divided as follows: with verified
PC (1st group), patients with benign prostatic hyperplasia (BPH) (2nd group) and relatively healthy (3rd group).

The content of PC biomarkers in post-massage urine was determined by known methods. Thus, acid phosphatase (EC
3.1.3.2) was analyzed by reaction with 1 mM para-nitrophenyl phosphate in 0.1 M flow buffer, pH 6.2; determination
of citrate — ultraviolet; sarcosine — enzyme-linked colorimetric study and spermine — measurement of the amount of
quinone-imine dye based on the formation of hydrogen peroxide; spermidine — by accumulation of I-pyrroline. All these
methods were performed on a spectrophotometer «Specoll-211» (Germany). Zinc was determined by atomic absorption
spectroscopy on an Analytik Jena ContrAA 300 spectrophotometer (Germany). Myoinositol was evaluated by the enzy-
matic cyclic method and measured by increasing the optical density of thio-NADH at 405 nm with an incubation of 37 °C.
Results. Among the 246 patients studied after the examination, 107 (43.5%) had verified PC, 62 (58.0%) of which had a
non-aggressive and 45 (42.0%) had aggressive form; 71 (28.9%) were diagnosed with BPH and 68 (27.6% ) were found to
be relatively healthy and included in the reference group. PAP data indicate that in almost healthy values of the indica-
tor was the highest compared to those found in patients with BPH and PC, the lowest values were found in cases of PC,
when its median was 1.5 IU/I. There is no evidence of a difference between the levels of PAP activity in patients with
PC in the clinical stage T1-T2 and stages T3b. The use of PAP for the differential diagnosis of indolent and aggressive
malignancies has not shown clinically significant results. In men without signs of prostate pathology, the concentration
of citrate in post-massage urine, in contrast to patients with BPH, significant increased, and in patients with PC showed
the opposite trend. Quantitative content of citrate in prostatic urine in the case of non-aggressive indolent tumors (Glea-
son index 5—6) significantly exceeded the value of the indicator in aggressive (Gleason 7-9 points) The concentration of
zinc in prostatic urine in normal prostate and BPH almost did not differ. With increasing proliferation, especially under
conditions of accelerated uncontrolled cell growth, apoptogenic function of zinc is first inhibited and then disappears at
all, as a result of the comparison of zinc content in post-massage urine in patients with PC and in cases of pathology, its
values, however, could not be established between patients with indolent and aggressive tumors. In terms of sarcosine
content, patients without signs of prostate pathology and BPH did not differ statistically, while patients with PC in all
parameters significantly exceeded the previous two groups. The median concentration of myoinositol in the functionally
normal prostate was 35 mM, in patients with BPH there was a slight increase to 38 mM, and in PC the median value was
3 and 3.5 times smaller. In the absence of signs of prostate pathology, the concentration of spermine was 87 mM, in BPH
the median increased to 114 mM, managed to identify significant differences. However, it was possible to trace the value
of spermine content in determining the stage of the tumor process, namely between T1c — T2 and T3a.

Conclusion. Enzymatic activity of acid phosphatase allows to detect PC but makes it impossible to make a differential
diagnosis of the nature of the cancer process. The level of zinc in post-massage urine did not show significant prognostic
and differential diagnostic potential. Changes in the content of citrate, sarcosine and spermine in prostatic urine allow us
to clearly predict not only the presence of PC, but also to make a differential diagnosis of cancer. Monoinositol showed
only differential diagnostic potential in PC.

Keywords: prostate cancer, benign prostatic hyperplasia, biomarkers, urine, acid phosphatase, zinc, citrate, sarcosine, spermine,
monoinositol.
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OuiHka akTUBHOCTI GiomMapkepiB paKy nepeamixypoBOoi 3a103U B cedi nicns macaxy
P.O. Qanuneuys, B.M. IpuropeHko, €.1. AjppaHacweB, A.I1. Hectep4yk, M.I. PomaHiok

Pak nepeamixyposoi sanosu (PI13) — BaxksmBa i cepitosna npobsema B ypoJorii. B Ykpaiui BiH nocigae yersepre micie y
CTPYKTYPI 3JI04KiCHIX HOBOYTBOPEHD i TPETE MicCIle Y CTPYKTYPi CMEPTHOCTI 40sI0BiKiB BikoM 11oHa/ 60 pokis. [TixBunienns
SIKOCTi MEIAMYHOI OMOMOTH, 30iIbIIEHHS TPUBATIOCTI KUTTs, 30epekeH s oro sKocTi y 4osoBikiB i3 PII3 moTpebyioTs He
JIMIIIE TIONTYKY HOBUX BHCOKOUYTJIMBUX, CHEIM(BiYHNX Ta HeiHBa3MBHUX METO/IIB JiarHOCTUKH, SIKi 03BOJISITH BUSIBJISITH 3a-
XBOPIOBaHHS Ha PAHHIX CTalisX, ajie i meperysigy Ta oOrpyHTYBaHHsS HOBUX IIOPOTOBUX 3HAUEHD BIKE BifloMux GiomMapkepis, a
TaKOK MOKJIMBICTH 3HAXOAUTH IXHi ONTUMaIbHI KoMOiHallii. PesyabraT 6araThoX HOCIIIKEHD TPOAEMOHCTPYBAJIH, 10 BU-
SIBJIEHHS 3MiHU KOHIIEHTPAIlil CApKO3MHY B ceui acolilooTbes 3 pusukom possutky PI13. Hemosiku BuBueHHs Ta oOMexReHe
BUKOPUCTAHHS B KJIHIUHIIl npakTuili Takux 6iomapkepis, sik kucia docdaraza (KD), murpar, UHK, CAPKO3UH, CIIEPMiH Ta
MiOIHO3UTOJI CIIOHYKAIOTD 10 TPOBE/IEHHS TAKOTO POJLY /IOC/Ii/IKEHD.

Mema docaidxcenns: OLiHIOBAHHS aKTUBHOCTI KHcJ10i (hocarasu, UTPaTy, HUHKY, CAPKO3UHY, CIIEPMiHY Ta MOHOIHO3UTOJTY
B ceui micais Macaxy sk Giomapkepis PI13.

Mamepianu ma memoou. 3a nepiox 2016—2020 pp. ma 6a3i Incruryty ypostorii HAMH Ykpainu obcresxerno 246 4omoBikiB Bikom
Bia 45 110 84 POKIB 3i cKapramMu Ha MOPYIIEHHS! CeYOBUITYCKAHHS, SIKi TOCIITasli30BaHi a00 IPONIILIE KOMILIEKCHE 00CTeKeHH ST, Y ci
HAIEHTH HA/IAJIN IMCbMOBY 3T0/Ly HA Y4acThb Y JIOCJI/KeHH], siky cxBasmia Komicig 3 etnkn Incruryry yposorii HAMH Ykpainm.
Ycim marientam 3 PII3 6yiaa nposeznera 12-toukosa 6iorcis mepeamixyposoi 3amo3u mig kKoutposem TPY 3/l 3a ponomo-
roto Gionciiinoi rosku G18. 3a pesynbraTamu matomMopdostoriunoro gocaimpkenns PI13 kinacudikysamu 3a mkasoto [iicona.
[MaiienTu Gyau posnoiieni takuM unHoM: 3 Bepudikosanum PII3 (1-a rpyna), nauieHtu 3 100POsKICHOW TillepIuiazieo
nepenmixyposoi 3amosu ([II'T13) (2-a rpyma) ta BixnocHo 3m0poBsi (3-5 Tpyma).

Buicr 6iomapkepis PII3 y ceui miciist Macaxy nmpocraTy BusHayaau Bigomumu merogamu. Kuciy docdarasy (EC 3.1.3.2)
BU3HAYaM 3a jonomorown peakiii 3 1 MM napaunitpodeniidochary B 0,1 M nporounomy Gydepi, pH 6,2; uurpar —
yabTpadioseT; capko3uH — GepMeHTHO-KOJOPUMETPUYHUM METOJIOM, CIIepPMiH — BUMipPIOBAaHHSM KiJIbKOCTi XiHOHIMiHOBOTO
GapBHKKA HA OCHOBI YTBOPEHHS NEPEKKUCY BOIHIO; CIIEPMIIMH — NIJIAXOM HaKONUYeHHs |[-1ipostiny. Yci 11i MeToau 3acTocoBy-
Basiu Ha criekrpodoromerpi «Specoll-211» (Himeuunna). [luHK BUSHAYAIM METOLOM aTOMHO-aOCOPOIIITHOI CIEKTPOCKOTIIT Ha
criekrpodoromerpi Analytik Jena ContrAA 300 (Himeuunta). MioiHo3uToJ1 ONiHIOBaIH (hepMEHTATHBHUM IIMKJITYHUM METO-
JIOM i BUMIPIOBaIU MUISIXOM 30isbIeHHs onTudHOi minbHocTi Tio-NADH npu 405 HM nipu inky6arii 37 °C.

Pesyavmamu. 3 246 obcrexennx narientis y 107 (43,5%) sepudikosanmii PI13, y 62 (58,0%) 3 nux — Hearpecussa, y 45 (42,0%)
—arpecuBHa opma. Y 71 (28,9%) 6y.ia niartnocrosana [[TTI3, a 68 (27,6%) naiieHTis BUSHAHI Bi/IHOCHO 3/[0POBUMMU Ta BKJIIOYEH] 10
KOHTPOJIbHOI rpy1m. Bmict KD y maiike 3m0posux OyB HallBuIM 1TOpiBHSIHO 3 xBopumu Ha [{TTI3 ta PI13. Haiinukui sHaueHHs
Gy BusiBsieHi y Bunajikax PI13, ko itoro meziana cranosiia 1,5 MO /. Ipynu nauientis 3 TP y kutiniuniii crazii T1-T2 ta T3b
3a kouuenTparieo KO nocrosipHo He Binpisusumics. Busnayenns KO y miarpynax 3 nearpecusHiM Ta arpeciBiiM PI13 He BusiBu-
JIO KJIIHIYHO 3HAUY X PO3OIKHOCTEl. Y 0MIoBiKiB 6€3 03HAK 1ATOJIOTi IlepeMiXypPOBOI 3271031 KOHIIEHTPALLisl IIATPATY B cedi riciist
Macaky, Ha Binminy i nanientis 3 JIT'TI3, sHauno nigsummmiacs, a y nanientis 3 PII3 crioctepirasach npoTHieskHa TEHICHITA.
BwmicT nuTpary B cedi micsist Macaky TepeMixypoBoi sasosu ripu HearpecusHomy PI13 (ingekc [icona 5—6) 3HauHO TIepeBHIIyBaB
Takuii npu arpecusromy (7—9 Gasis 3a Liiconom). KoHteHTpartis IMHKY B IPOCTATUYHIl ceui ipu HOpMasibHiii poctari ta JITTI3
Maifke He BiZpisHABCs. Takoxk 3a IMM TIOKa3HUKOM HE Bi/IPi3HSAIMCS TiATPYIH 3 HearpeCUBHOIO Ta arpecusHoio dopmoto PII3. 3a
BMiCTOM CapKO3WHY MaIli€HTH Ge3 03HAK TTATOJIOTIi TepeaMixypoBoi 3a1031 Ta /I TTI3 cTaTHCTIYHO He BiPI3HAIC, TO/ SIK TTAIli€HTH
3 PI13 3a 1M 1MoKa3HUKOM JIOCTOBIPHO TIepeBUIIyBasH /iBi roriepeziti rpytim. CepesiHst KOHIIEHTpaIlisi MiOiHO3UTOJTY Y YOJIOBIKiB 3
(YHKIIOHATIEHO HOPMAJILHOIO IIPOCTaToro cranoBmia 35 MM, y narienris 3 J[I'TI3 crioctepiranocs HesnauHe 36LibieHHs 10 38 MM,
anpu PI13 memiara Gysma y 3 Ta 3,5 pa3y MeHII0I0. 3a BiZICYTHOCTI 03HAK MATOJIOTIT TIepeMiXyPOBOi 3271031 KOHIIEHTPAITist CTIEPMiHy
cranosmma 87 MM, mipu JITTI3 memiana 3pocia o 114 MM (p<0,05). TIpoTe BAAIOCS TPOCTERUTH 3HAYEHHST BMICTY CTIEPMIHY TIPH
BU3HAYEHHI CTa/Iil IyXJIMHHOTO TIporiecy, a came Mixk T1c — T2 ta T3a.

3axatouenns. OepmentaTrBHA aKTUBHICTD KKCI01 (hocharazu nosposisie BusiButu P13, ane yHeMoxIuBIIOE TUbepeHIiitHy
JIarHOCTUKY TPUPOAXU PAKOBOTO Tipoliecy. PiBeHb IIMHKY B cedi Micjsg MacaKy He BUSBUB 3HAYHOTO MPOTHOCTUYHOTO Ta
nudepeHIiiiHo-iarHoCTUYHOrO MOTeHIiany. SMiHN BMICTY IIUTPATY, CAPKO3UHY Ta CIIEPMiHY B IIPOCTATUYHIll ceui 103BOJIs-
IOTh YiTKO MIPOTHO3YBaTH He Tifbku HasiBHiCTh PII3, ame it mpoBoauTy mudepentiitny aiarHocTuky paxy. MoHOiHO3UTOIT TT0-
Kasas Jiuiie qudepeHIiiino-iarnoctnaauil motentias mpu PI13.

Kmouoei cnoea: pax nepedmixyposoi 3aiosu, 006posikicha zinepniasis nepeomixyposoi sanosu, biomapkepu, ceua, Kucia gocga-
masa, YuHK, yumpam, CapKko3uH, CREPMiH, CnepMiouH, MOHOIHO3UMOL.

OueHKa aKTUBHOCTU OMOMapKepoB paka npeacTaTesibHON XeJe3bl B Mo4e Mocsie Maccaxa
P.A. Qanuneu, B.M. puropeHko, E.U. AppaHacweB, A.I1. Hectep4yk, M.I. PomaHiok

Pak npezcrarensroii skenesnl (PTIK) — BaskHas u cepbestast mpobsiema B yposioruu. B Ykpaute oH 3aHIMaeT 4eTBEPTOE MECTO
B CTPYKTYyPE 3JI0KaUeCTBEHHBIX HOBOOOPA30BAHUI U TPEThE MECTO B CTPYKTYPE CMEPTHOCTH My:KunH crapiie 60 siet. [Tosbiie-
HHe KauecTBa MeUIIMHCKON IIOMOIIHY, yBeJueHue IPO0KUTEIbHOCTH JKI3HH, COXpaHeHUe ee kadecTBa y MykuuH ¢ PIIK
IPEIONAraioT He TOJBKO MOUCK HOBBIX BBICOKOUYBCTBUTENBHBIX, CIEIM(MIUECKUX U HEMHBA3UBHBIX METOJIOB JIMATHOCTUKH,
KOTOPbI€ [IO3BOJISIT BbISIBJISATH 3a00/I€BaHsl Ha PAHHUX CTAAUAX, HO U IEPECMOTP U 000CHOBAHUE HOBBIX ITOPOIOBBIX 3HAYCHU I
yIKe U3BECTHBIX OHOMAPKEPOB, & TAKKe MOAO0P WX ONTHMATBHBIX KOMOUHAIMI. MHOTHE MCCIe0Bat st OKa3alu, 4T0 0OHa-
py’KeHIe U3MeHeHMsT KOHIIEHTPAINU CapKo3uHa B Move accormupyercsi ¢ puckom passutust PIIJK. Hemoctatkn usydyenus: u
OrpaHUYEHHOE UCIOJIB30BAHNE B KINHUYECKOI PAKTHKE TaKUX OMOMapKepoB, Kak Kucias docdaraza (KD), murpar, 1nuk,
CapKO3UH, CIIEPMUH 1 MUOMHO3UTOJI B KauecTBe GUOMAPKEPOB OOYIKAAIOT K IPOBEIEHUIO TAKOTO PO/IA MCCJIE0BAHMA.

Henv uccnedosanus: oneHUTh AKTUBHOCTH KUCJION (hocdaTaspr, IUTPaTa, IIMHKA, CAPKO3UHA, CIIEPMUHA 1 MOHOUHO3UTA B
Moue T10¢jIe Maccaka B kauectse Ouomapkepos PIIK.
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Mamepuanot u memoowt. 3a niepuop 2016—2020 rr. Ha 6aze UucturyTa yposorun HAMH Ykpautsl 06ciienoBano 246 Myx-
YUH B BO3pacte OT 45 110 84 JjieT ¢ kanobaMu Ha HApYILIEHUE MOYEUCITYCKAHWs], KOTOPbIE TOCIUTAIU3UPOBAHbBI MJIU TIPOTILIN
KOMIIIeKcHOE oOceoBanme. Bee malmenTs! Jaii MIChMEHHOe CoTJache Ha ydyacTue B uceaepoBanun. [IpoTokos uceseosa-
Hust 6611 0100pen Komuccwueii o atnke Uucruryra yposornn HAMH Ykpanssr.

Bcem nanumenrtam ¢ PIIJK 6bima nposenena 12-toyednas GWOINICHs TIpecTaTebHON KeJie3bl o KontpoaeM TPY3U ¢ mo-
Motbio Guorncuiinoil urist G18. Tlo pesysbrartam rucrosorndeckoro nccaegosanus PTIIK knacenduimposain mo mikase
[imccona. TlanuenTsl G pactipeesieHbl cieayoimum oopazom: ¢ BepuduiposanubiM PIIK (1-s rpyrma), nanueHTst ¢
no6poKavecTBEHHON TUTIepIIasueil peacraTeabuoi xkesesbl (JITTIIK) (2-g rpyrnima) n oTHOCUTENBHO 3110poBbIe (3-51 rpyIma).
Conepskanue 6uomapkepos PIIJK B Moue mocsie Maccaka mpoctarbl OIpeessiii u3BecTHbIMU MeTogamu. Kucayio docdarasy
(EC 3.1.3.2) onpenensm nocpeactsom peaximu ¢ 1 MM napanutpodenunidocdara B 0,1 M porouriom 6ydepe, pH 6,2; iurpar
— yabrpaduosieT; capko3uH — (HEPMEHTHO-KOJOPUMETPUYECKUM METO/IOM, CIIEPMUH — M3MEPEHNEM KOJIMYeCTBA XMHOHUMIHO-
BOT'O KPAacHTeIsl Ha OCHOBE 00Pa30BaHUs EPEKUCH BOAOPO/IA; CIIEPMUANH — IyTeM HakoluleHus |-mupposuna. Bee ot Metopt
MPOBOAMIKCH Ha criekTpodoromerpe Specoll-211 (Tepmanus). [IuHK onpeaessam METoAOM aTOMHO-aOCOPOIUOHHON CIIEKTPO-
cxormn Ha crekrpodoromerpe Analytik Jena ContrAA 300 (T'epmarnus). MUOMHO3UT OleHUBAIN (DEPMEHTATHBHBIM IIHKIAYE-
CKUM METOJIOM U U3MEPSIIN Iy TeM yBeJIMYeH st onTideckoii mnotHocTr Tno-NADH mpu 405 um nipu nukyGarm 37 °C.
Pesyavmamot. 13 246 obcaenosannbix naiuento y 107 (43,5%) sepudunuposan PIIJK, us vux y 62 (58,0%) — Hearpec-
cuBHast, a 'y 45 (42,0%) — arpeccuBHasi popma. Y 71 (28,9%) 6bina puarnocruposana JTTINK, a 68 (27,6%) mareHToB
ObLIY [IPU3HAHBI OTHOCUTEJBHO 3/0POBBIMU M BKJIOUYEHbI B KOHTPOJIbHYIO rpynny. Coxepxkanune KD y moutu 310poBbix
ObLIO CaMbIM BBICOKUM 110 cpaBHeHuto ¢ 6omnbHbiMu [ITTIXK u PTIDK. Camble Huskue 3HaueHust Oblin 0OHAPYIKEHbI B CJIy-
yagx PIIJK, korma ero menuana cocrasisiia 1,5 ME /. Tpynner maruentos ¢ PIIK B kiuanveckoit cragun T1-T2 u T3b
o kounentpanun KO nocroBepro ne orimuanuch. Onpenenenre KO B moarpymnmnax ¢ HearpeCCUBHBIM U arpecCUBHBIM
PIIJK He nokasano KIMHUYECKU 3HAUMMbIX PA3Jruuii. Y My:KuuH 6e3 NPU3HAKOB IIATOJIOTHY T1PE/ICTATENbHOI JKeIe3bl KOH-
HEHTpaIMs IIUTpaTa B MOYe Mocjie Maccaxa, B otandue ot naruenTos ¢ JI'TIJK, snaunTesbno noBpicuiach, a y naueHToB
¢ PIDXK wabuopanach mpoTuBomnonoxHas Teraennns. Comepkatue UTpaTa B Modye MOCIe Maccaska MpeicTaTeIbHON Ke-
sesbl ipu HearpeccuBHoM PIIK (ungekc [incona 5—6) 3HaumTeIbHO TIPEBbILIA TAKOBOIL pu arpeccuBHoM (7—9 Gaiios
o [nucony). Konnenrtparus nuHka B IpocTaTUIeckKoil Move ipu HopMasbHoii ipoctarte u J[I'T13 mouTtn ne oranyanace.
Takske 110 9TOMY TIOKA3aTEIO HE OTIMYATUCH TOJATPYIIIBI ¢ HearpeccuBHOI u arpeccuBHoii hopmoit PITJK. [To comepskanmio
CapKO3MHA MalUeHThl 6e3 IIPU3HAKOB MATOJOrUH TIpecTarenbHol kenesbl u JITTIK craructuvecku He OTIIMYAIICE, TOTAA
kak nanuentsl ¢ PIIJK 110 aToMy mokasaTesnio 10CTOBEPHO TIPEBLIIIAIN JBE TIpe/ibLLyliue Tpynibl. CpeqHss KOHIIeHTpalus
MHUOWHO3UTA Y MYKUUH ¢ (HYHKIIMOHATBHO HOPMAIbHOI mpocTaToil cocrasisiia 35 MM, y manuentos ¢ JITTIK nabmiona-
JIOCh He3HauuTe bHOE yBeamdyenue 10 38 MM, a npu PIIJK menuana 6biia B 3 u 3,5 pasa menbiue. [Ipu orcyTeTBrn ipusHa-
KOB [1aTOJIOTUH IPe/ICTATebHOI JKeJe3bl KOHIleHTpanus cuepMuta cocrasisiia 87 MM, nipu JITTIVK mexnana Boipocaa 110
114 MM (p<0,05). OzxHako yAATIOCH POCAEANT 3HAYCHIE COAEPKAHNS CIIEPMIHA [IPU OIPE/IEICHUHN CTaINN OITyX0JIE€BOTO
nporecca, a umerno mexay Tlc — T2 u T3a.

3arxmouenue. OepMeHTaTUBHAS AKTUBHOCTD KUCJION (hocaraswl 1o3Bodisiet BoisiButh PITIK, HO fesiaet HeBodaMoskHbIM [de-
PEHIMAJIBHYIO IMArHOCTUKY TTPUPOJIbI PAKOBOTO TIpollecca. Y POBEHb IIMHKA B MOYE TIOCJIE MACCAKa HE BBISIBUJI 3HAYMTETIBHOTO
MIPOTHOCTUYECKOTO U G depeHInaIbHO-IArHOCTUYECKOTO MoTeHInaa. VIsMeHeHns cojiepskaHus IIUTpaTa, Capko3uHa 1 cliep-
MHUHA B [TPOCTATHYECKOI MOYe MTO3BOJIAIOT YeTKO IIPOrHO3MPOBaTh He TosibKo Hasmmuue PIIJK, Ho n npoBoanTs anddepenimans-
HYIO JIMAaTHOCTUKY paka. MOHOMHO3UTOJT TIOKa3aJl TOJIbKO i depenianbHo-auarnoctudeckuii norenimai npu PIIK.
Kaniouesvte cnosa: pax npedcmamenvHoil Heenesvl, 000POKaUecmeeHnas zunepniasus npeocmamenvHoll Heeiesol, Guomaprepol,
Mmoua, Kucaas pocamasa, WUHK, YUmMpam, capko3um, CNePMUH, CNePMUOUH, MOHOUHOZUMO.L.

Prostate cancer (PCa) — belongs to the solid tumors and
ranks fourth in Ukraine in the structure of malignant
neoplasms and third — in the mortality of men over 60
years [1, 2, 3].

A key issue in a systematic approach to improve the
quality of medical care is not only the search for new highly
sensitive, specific and non-invasive diagnostic methods that
can detect PCain the early stages of the disease, but also the
need to review and justify new thresholds for known bio-
markers and searching for optimal combinations.

One of the first biomarkers of PCa, which was deter-
mined in blood plasma, was the enzyme acid phosphatase
(PAP), which is represented by a glycoprotein dimer.
It was used to identify malignant tumors with metasta-
ses [12]. However, PAP has a very low sensitivity in the
identification of local adenocarcinoma without metastases
throughout the body. Therefore, this test was later re-
placed by a more reliable analysis based on prostate-spe-
cific antigen (PSA) [13-14].

In 1969, Cooper and Infeld demonstrated in their work
that citrate can be used to diagnose PCa, because its con-
centration in normal tissue and under conditions of BPH
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is quite high (at least 100 mM), while in malignant neo-
transformation the content of citrate is reduced by several
times. In 1979, Costello and co-authors confirmed this as-
sumption by biochemical determination of citrate in semen
and prostatic fluid and proved that citrate can serve as a
diagnostic marker of adenocarcinoma [10, 15]. Subsequent
studies have found that cancer patients with PCa have a
reduction of citrate in seminal plasma and post-massage
urine by almost 2.7 times compared with healthy men [12].

Measuring the concentration of ions of calcium, mag-
nesium, potassium, sodium, chlorine, zinc and some other
anions and cations in normal secretion of the prostate and
under the conditions of adenocarcinoma. Costello L.S.
(2009) noticed that a significant decrease of the concen-
tration of citrate is also accompanied by a marked decrease
of the concentration of potassium, calcium, magnesium,
zinc and, conversely, the increase of the chlorine content
in the secretion [11]. Deeper analysis showed that the drop
in zinc concentration occurs in the case of adenocarcinoma
and is in the range of 2—100 mcg/ml, while in healthy men,
with BPH and prostatitis, the average zinc concentration
is 500 mcg/ml of secretion. In view of the above, zinc has
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been proposed as an additional biomarker for the determi-
nation of oncotransformation in the prostate.
Giskeodegard et al. in the study of tumor fragments
removed during radical prostatectomy, demonstrated by
high-sensitivity magnetic resonance that the increase in
tumor aggressiveness as the corresponding increase in the
Gleason index is accompanied, compared with indolent
tumors, with significant decrease not only in citrate but
also spermine and increase of [total spermine + creatine
+ polyamines / citrate] (UPC/C) with p = 2,17.10-4 [12].

Subsequently, citrate and spermine, as well as myoino-
sitol, were proposed as components of the biomarker panel
to predict the risk of prostate cancer. The main advantage
of this series of biomarkers was its independence from the
age of patients, as well as high specificity (up to 60%),
combined with a sensitivity of 90% [13].

In many studies, it has been shown that the concentra-
tion of choline increases with the aggressiveness of tumors.
Instead, more informative from this point of view was sarco-
sine, which is derived from choline and is N-methylglycine.
Normally, sarcosine is dimethylated to glycine by an oxida-
tive process involving dehydrofolate and FADN2-depen-
dent sarcosine dehydrogenase. In the work of Sreekumar A.
etal. (2009) was showed that the concentration of sarcosine
increases significantly in the prostate under conditions of
tumor metastasis [ 14]. However, measurement of sarcosine
in the blood did not reveal significant differences between
healthy patients and cancer patients [15]. Subsequently,
it was also not possible to use sarcosine in its detection in
urine to diagnose adenocarcinoma and predict its aggres-
siveness. At the same time, another study showed that when
using liquid chromatography in combination with tandem
mass spectrometry of the urine, it is still possible to observe
significant differences in the amount of sarcosine between
healthy men and cancer patients. Further improvement of
the method of determination of sarcosine in urine by high-
performance liquid chromatography in combination with
electrochemical analysis of eluent allowed to increase the
limit of determination of sarcosine to 110 nM, which was
sufficient for accurate analysis of the determination of sar-
cosine in the urine of cancer patients.

The imperfection of the study methods and the limited
use in clinical practice of prognostic features of acid phos-
phatase (PCP), citrate, zinc, sarcosine, spermine and myo-
inositol as biomarkers in post-massage urine prompted to
make a new study.

The objective: to evaluation of the activity of
acid phosphatase, citrate, zinc, sarcosin, spermine and
monoinositol in post-massage urine (PMU) as biomark-
ers of prostate cancer and evaluation of their differential
diagnostic potential.

MATERIALS AND METHODS
During the period from 2016 to 2020, 246 men, aged 45 to 84,
with complaints of urination disorders, who were hospitalized
or underwent a comprehensive examination, were examined on
the basis of the Institute of Urology of the National Academy of
Medical Sciences of Ukraine. From all patients written consent
to participate in the study was recieved, which was approved
by the Ethics ComMittee at the Institute of Urology of the

National Academy of Medical Sciences of Ukraine.
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The survey was conducted according to the following
criteria:

— general analysis of blood and urine;

— biochemical analysis of blood;

— blood test for PSA (total, free, ratio);

— digital rectal examination;

— Ultrasound of the urinary tract;

— MRI with intravenous prostate augmentation (if
necessary);

— transrectal multifocal prostate biopsy under TRUS
control (if necessary);

— MSCT with intravenous amplification (if necessary);

Prostate biopsy was performed under TRUS control
with 12-dots technique, using a G18 biopsy needle.
Pathomorphological — examination was  performed
according to Gleason’s classification. Classification
of malignant tumors by clinical stages was performed
according to the TNM system (2002).

Upon completion of the evaluation of the results of
examinations, including pathomorphological analysis of
biopsy material, patients were divided as follows: with
verified PCa (prostate cancer) (1st group), patients with
benign prostatic hyperplasia (BPH) (2nd group) and
relatively healthy (3rd group).

The content of PCa biomarkers in post-massage urine
was determined by known methods. Thus, acid phosphatase
(EC 3.1.3.2) was analyzed by reaction with 1mM of
para-nitrophenyl phosphate in 0.1 M flow buffer, pH 6.2;
determination of citrate — with ultraviolet; sarcosine —
with enzyme-linked colorimetric study and spermine —
with measurement of the amount of quinone-imine dye
based on the formation of hydrogen peroxide; spermidine
— by accumulation of 1-pyrroline. All these methods
were performed on a spectrophotometer «Specoll-211»
(Germany). Zinc was determined by atomic absorption
spectroscopy on the spectrophotometer Analytik Jena
ContrAA 300 (Germany). Myoinositol was evaluated
by the enzymatic cyclic method and measured by the
increasing of the optical density of thio-NADH at 405 nm
with an incubation of 37°C. Detailed technology for each of
the above studies has been published [11, 12, 13].

RESULTS AND DISCUSSION

Among 246 patients in the study after the examination,
107 (43.5%) had verified PCa, 62 (58.0%) of which
had non-aggressive and 45 (42.0%) aggressive form;
71 (28.9%) were diagnosed with BPH and 68 (27.6%)
were found to be relatively healthy and were included to
the reference group. The latest data were significant in
comparative analysis during determining of prognostic
values. The main purpose of this group was aimed to prove
the effectiveness of the traditional diagnostic complex
for the detection of PCa, preferably in the early stages,
the probability, according to its volume, to predict the
aggressiveness and prevalence of cancer. Subsequently, the
data of their examination, according to the methodology
defined by the program, were used to assess the prognostic
properties of post-massage urine.

The content of markers in post-massage urine
was determined in the following volume: CF — 196
examinations (89 — in patients with PCa, 61 — with
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Fig. 1. The results of the study of
acid phosphatase activity in the post-
massage urine of patients with PCa,
BPH and relatively healthy

Fig. 2. Dependence of enzymatic
activity of acid phosphatase in
post-massage urine on the stage of
carcinogen in patients with PCa

Fig. 3. Rates of acid phosphatase
in post-massage urine in patients
with indolent and aggressive
malignancies

Note: */statistically significant differences between the two
groups of patients by the selected criterion, p<0.05 are
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Fig. 4. Dependence of acid
phosphatase activity in post-massage
urine on the aggressiveness of tumors
according to the Gleason index.

Note: */statistically significant differences with the PCa
group (-), p < 0.05.

of its absence

BPH, 46 — in relatively healthy patients); citrate — 204,
including 87, 71, 46, respectively; zinc — 151, including
59, 53, 39, respectively; sarcosine — 159, including 65,
54, 40, respectively; spermine — 188, including 84, 61,
43, respectively; myoniositol — 184, including 75, 66, 43
respectively.

Prognostic signs of acid phosphatase (PAP) data are
presented in Fig. 1 and show that in relatively healthy
patients the value of the indicator was the highest compared
to those found in patients with BPH and PCa. The normalized
median value was 4 U /], ranging from 5 to 42 IU/l with an
interquartile range of 16 to 32 TU/I. In patients with BPH,
these parameters were: 2.1 1U/1, 4-33 IU/l and 11-7 1U/I,
respectively. The lowest values were found in cases of PCa,
when its median was 1.5 TU/I, the limit of the enzyme 3-9 in
the interquartile range of 3—7 TU/1.

Dependence of marker value on clinical stages and
aggression of the oncoprocess are presented in fig. 2. It was
demonstrated the absence of differences between the levels
of PAP activity in patients with PCa in the clinical stages
T1-T2 and stages T3c. In cases of PCa of T1-T2 stages
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Fig. 5. Comparative data on the content Fig. 6. Data on citrate content in
of citrate in the post-massage urine
of patients with PCa and in cases

post-massage urine of patients with
indolent and aggressive malignant
tumors

Note: * / statistically significant differences between the two Note: * / statistically significant differences between
groups of patients by the selected criterion at p <0,05.

groups of patients with PCA, p<0.05.

the median of this value was 6 IU/I, the interquartile
range — 3-8 IU/I, whereas at T3 PCa — 5 IU/I, 3-6 TU/I,
respectively; enzymatic activity of PAP varied in both
cases almost to the same extent, namely 1-9 U/l and 2-9
IU/1, respectively.

Application of PAP for differential diagnosis of
indolent and aggressive malignancies did not show
clinically significant, the results are shown in Fig. 3. These
are results of the comparison of acid phosphatase activity
in patients with Gleason index 6 and less and 7 and more
points. In particular, for the Gleason index <7 median
was 5 1U/l, interquartile range — 3-7 1U/I, a number of
dynamic values for PAP activity was in the range of 1-9
IU/L In patients with Gleason >7 the median was 4 TU /I,
the interquartile range was 2 — 7 TU /|, and all values of
PAP activity were in the range of 1-8 TU/1.

Analysis of the dependence of the enzymatic activity
of acid phosphatase (AP) from Gleason scale of tumor
showed that it was greatest at the levels 5 and 8 points,
namely 64+17 1U/1 and 58+14 1U/I, respectively, while
the Gleason index of 6 and 7 points revealed its moderate
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Fig. 10. Dynamics of zinc content in
post-massage urine depending on the
value of the Gleason index

Fig. 11. The content

activity — 41-42 TU/1 (Fig. 4). When Gleason increased
t0 9, the activity of AP had the lowest value — 37+11 TU/I.
The absence of any statistically significant differences
between the five indicators makes it impossible to use this
marker for the differential diagnosis of malignant tumors
of the prostate by their aggressiveness.

In men without signs of prostate pathology, the
concentration of citrate in post-massage urine was in the
range of 5-370 mM with a median value of 283 mM and
an interquartile range of 174-330 mM. In contrast, in
patients with BPH there was a significant increase of the
rate, which was manifested by an increase of the median
to 720 mM, while practically the same interquartile range
under conditions of shifting to higher concentrations: 650—
810 mM; however, the lowest level was at least 170 mM,
and the highest reached 890 mM. The opposite tendency
was found in patients with PCa. The citrate content in
prostatic urine decreased significantly: the median value
was only 32 mM, the interquartile range was 18-48 mM,
and the values did not exceed 72 mM and were not less
than 5 mM (Fig. 5).
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post-massage urine of patients with
PCa, BPH and relatively healthy men

of sarcosine in the Fig. 12. The content of sarcosine

in the post-massage urine

of patients with indolent and
aggressive malignant tumors

Note: * / statistically significant differences between
groups, p<0.05.

Quantitative content of citrate in prostatic urine in
the case of non-aggressive indolent tumors (Gleason index
5-6) significantly exceeded the value of the indicator
in aggressive (Gleason 7-9 points) (Fig. 6). It should
be noted that the median value in aggressive tumors
was 4,5 times less than the value in patients with non-
aggressive, with the interquartile range in these cases did
not exceed 27 mM and was between 12 mM and 39 mM.
In contrast, the interquartile range of citrate levels in the
latter was almost twice as large and was in the range of
54—-105 mM. A detailed study of the dynamics of citrate
content changes with increasing of Gleason index revealed
a feature (Fig. 7), which manifested itself in a slight
decrease of its value during the Gleason transition from 5
to 6 points (the difference between them was only 6 mM
with the absolute values of 108 and 102 mM, respectively).
Whereas in the cases with Gleason 7 points there was a
different decrease in citrate content (2.8 times to 37 mM).
The further decrease was less intense: up to 26 and 22 mM
at 8 and 9 points of the Gleason index, by 30% and 15.4%,
respectively, in their sequence. These data indicate the
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Fig. 14. Dependence of sarcosine
content in post-massage urine on the
aggressiveness of tumors according to cellular stage of the carcinogen in

Fig. 15. The content of myoinositol in
the post-massage urine of patients
with PCa, BPH and men with normal
glandular tissue
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Fig. 16. The content of myoinositol in
the post-massage urine of patients

tumors

possibility of using citrate not only for the differential
diagnosis of PCa, but also for determinating of the degree
of aggression.

The concentration of zinc in prostatic urine with
normal prostate and BPH almost did not differ. Thus,
in the first case, the median was 8.7 mM, in the second
- 9, 0 mM; the interquartile range was 6.2—13.6 mM
and 7.4-12.5 mM, respectively, and the extreme values
of the time series were in the range of 1.3-22.5 mM and
2.1 mM — 20.4 mM, respectively. While in patients with
PCa the zinc content decreased sharply (10—20 times) to
0.6 mM by the median, the interquartile range decreased
towards low concentration values and was equal to 0.3—
1.2 mM, and their upper limit was almost at the level of
the lowest in patients with BPH and only 2 times greater
than this value in a normal gland. The differences can be
explained by the ability of zinc in zinc-accumulating cells
to perform apoptogenic function, which is associated with
growth inhibition and high differentiation. Therefore,
with increased proliferation, especially under conditions
of accelerated uncontrolled cell growth, apoptogenic
function of zinc at first is inhibited, and then disappears
at all. Indeed, in the works of some authors it was shown
that in cancer cells there are no protein transporters of
zinc Zip 1 and Zip 2. In addition, a significant decrease of
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Fig. 17. The content of spermine in the
post-massage urine of patients with
with indolent and aggressive malignant PGa and in its absence, patients with
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Fig. 18. Spermine content in post-
massage urine in patients with
indolent and aggressive malignancies

its concentration in the cell is observed at the stage of pre-
malignancy, which precedes the oncotransformation.

As a result of the comparison of the indicators of the
quantitative content of zinc in the post-massage urine in
patients with PCa and without pathology, a significant
difference between its values was revealed (Fig. 8).
However, it could not be established between patients
with indolent and aggressive tumors (Fig. 9).

Analysis of the dependence of zinc concentration on the
value of the Gleason index showed that with an increase of
the latter from 5 to 8 points there was a gradual decrease in
zinc concentration, but there was no significant difference
between the individual values; it took place only while
comparing the extreme values: the Gleason index 5 and
9 (Fig. 10). Thus, the quantitative rate of zinc content
in post-massage urine showed the ability to distinguish
patients with PCa from patients with BPH and with
normal prostate. However, its ability to differentiate
indolent and aggressive tumors was imperfect, so it does
not allow it’s use to determine the likelihood of tumor
aggressiveness.

The quantitative content of sarcosine in the post-
massage urine of different groups of patients is presented
in Fig. 11. In terms of sarcosine content, patients without
signs of prostate pathology and with BPH did not differ
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statistically, and in the latter it was =~
slightly higher in median, as well
as the lower and upper limits of
the interquartile range. Whereas
patients with PCa in all parameters
significantly exceeded the previous
two groups.

Thus, the ability of the value of
the sarcosine content for its use as
a laboratory diagnostic test in the
differential diagnosis of PCa was
confirmed. Instead, sarcosine was not
sensitive enough biomarker to clearly
distinguish patients with aggressive
and indolent malignancies (Fig. 12).
The analysis did not reveal a correlation
between the concentration of sarcosine
and the value of the Gleason index.
However, significant differences were observed between
cancer patients with PCa with an index of 5 and 6 and 72—-8
points (Fig. 13). However, sarcosine has shown objectivity
in determining the clinical stage of the tumor. With the help
of this indicator it was possible to distinguish patients with
PCawith c¢T1 - ¢T2 and ¢T3 stages (Fig. 14). This confirms
the prospects for the use of sarcosine for the identification of
extracapsular tumors of the prostate.

The concentration of myoinositol in the median in
patients with functionally normal prostate was 35 mM
with an interquartile range of 19-42 mM, with final values
of its level 1 — 53 mM. In patients with BPH, there was
a slight increase in the median concentration to 38 mM;
the extreme limits were also larger (2—-58 mM), and the
interquartile range was larger — 29—-47 mM. Significantly
lower values of myoinositol were characteristic of patients
with PCa. Thus, the median value was 3 and 3.5 times less
than in men without signs of prostate pathology and in
patients with BPH, respectively. In addition, the upper
limit of changes in the indicator did not exceed 24 mM.
There is a significant difference between the content of
myoinositol in patients with PCa and BPH, as well as in
men without prostatic pathology (Fig. 15). The results of
the study of the dependence of myoinositol content in the
post-massage urine in patients with PCa with tumors of
silent (Gleason index <7) and aggressive type (Gleason
index > 7) are presented in Fig. 16. Statistically significant
differences between indicators could not be established
(with a median of 12 and 10, respectively).

In the absence of signs of prostate pathology, the
concentration of spermine was 87 mM median, the
interquartile range ranged from 49 mM to 105 mM, with the
highest value reaching 132 mM, and the lowest — 38 mM,
with BPH median increased to 114 mM, interquartile the
range was wider 83 — 139 mM, and the final values of the
indicator were in the range of 47-171 mM. In contrast,
in patients with PCa the feature was manifested by a
low average value of spermine concentration in the post-
massage urine of patients, which was equal to 34 mM, a
smaller intequartile range (22—51 mM) and much smaller
extreme values of the time series: 2 — 73 mM (Fig. 17). No
significant differences were found between indolent and
aggressive tumors. This was confirmed by a comparative
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groups at p<0.05.
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Fig.19. Dynamics of spermine content in
post-massage urine of patients depending content in post-massage urine on the
on the values of the Gleason index
Note: * / — statistically significant differences between patients with PCa

Fig.20. Dependence of spermine

cellular stage of the carcinogen of

analysis between the values of spermine content in post-
massage urine and the values of the Gleason index (Figs. 18
and 19). Thus, this biomarker can be used not only for
laboratory and clinical diagnosis of malignant neoplastic
transformation of the prostate, but also to determine the
likelihood of delocalized processes that extend beyond the
prostatic capsule (Fig. 20).

Thus, as a result of biochemical study of the content
of postmassage secretion of patients with PCa of different
aggressiveness, BPH and men with normally functioning
prostate gland, it was found that the development of
malignant neoplastic transformation causes synchronous
decrease in enzymatic activity of acid phosphatase, zinc
and citrate content. Instead, the concentration of sarcosine
increases. The change in the concentration of these
substances in the post-massage secretion was due, on the
one hand, to the suppression of the secretory activity of the
epithelial cells of the glandular epithelium of the prostate,
as well as the appearance of cancer cells in the secretion.
As it turned out, these substances, although they have
biomarker properties, but their effectiveness for testing
various signs of malignant neoplastic transformation of
the prostate was different. Thus, with the help of some,
such as citrate, it was possible to distinguish aggressive
tumors from indolent, and with the help of others, such
as sarcosine and spermine, to determine the presence of
delocalized forms of prostate cancer. At the same time,
biomarkers such as zinc and acid phosphatase were
effective only to establish the very fact of malignant
neoplastic transformation.

CONCLUSIONS

1. Enzymatic activity of acid phosphatase allows to
detect PCaa but makes it impossible to make a differential
diagnosis of the nature of the cancer process.

2. The level of zinc in post-massage urine did not show
significant prognostic and differential diagnostic potential.

3. Changes in the content of citrate, sarcosine and
spermine in prostatic urine allow us to clearly predict not
only the presence of PCa, but also to make a differential
diagnosis of cancer.

4. Monoinositol showed only differential diagnostic
potential in PCa.
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