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Intracavernous stem cell transplantation in erectile
dysfunction: modification of adhesive properties

of stem cells increases their ability to restore
contractile and phosphatase activity of cavernous
tissue damaged by hyperglycemia

I. Gorpynchenko, A. Sytenko

Institute of Urology of the National Academy of Medical Sciences of Ukraine

A comparative study of the effect on the contractile and phos-
phate activity of the cavernous tissue of four intracavernous
injections (ICI) (1x10°cells once a week) of native stem cells
(SC) and cells, with SYT1 / SYT2 molecules, integrated into
the cell membrane (SC-m-SYT1 / SYT2), was performed in
two groups (n=10; 1:1) of sexually mature Wistar rats weigh-
ing 160-180 g with induced hyperglycemia (>8 mmol/1). It was
found that, at the end of the ICI in the group of animals re-
ceiving SC-m-SYT1 / SYT2, the median amplitude of contrac-
tions was 1.6 times greater (P<0.05, Wilcoxon’s test), and the
intensity mediants for ATPase and LF, respectively, 2 and 1
points greater than in the group where native SCs were intro-
duced (P<0.05, Wilcoxon’s test). ICI of native and modified
SC did not affect the level of glycemia.

Modification of the adhesive properties of SC by SYT1 /
SYT2 molecules increases their ability to restore contractile
and phosphatase activity of cavernous tissue damaged by hy-
perglycemia. Further research is needed on the processes of
homing and differentiation of SC, modified with SYT1 / SYT2
molecules, in intact and pathologically altered cavernous tis-
sue in vitro and in vivo.

Key words: erectile dysfunction, stem cells, hyperglycemia, intra-
cavernous transplantation, cavernous tissue, contractile activity,
phosphatase activity.

he development of new highly effective methods of treating

erectile dysfunction (ED) is an urgent task of urological sci-
ence. Despite the fact that the development of ED is associated
with age, this disease affects a significant number of men of sexu-
ally active age (up to 40 years) [1]. Moreover, this pathology
has a significant negative effect on the psycho-emotional state
of the patient and his sexual partner, leads to the development
of dysrhythmias, reduces self-esteem, violates the harmony of
interpersonal relationships and, thus, worsens the quality of life
[2, 3]. The situation is complicated by the fact that a very high
percentage of patients (almost 50%) refuses to use phosphodies-
terase type 5 inhibitors — the first-line drugs for the treatment of
erectile dysfunction, after a certain period of time [4, 5]. In addi-
tion, this group of drugs does not restore the structure and func-
tion of the cavernous tissue, but only potentiates the erection. On
the other hand, phalloprosthetics has not become popular due to
traumatic and physiological.

A promising direction of solving these problems may be the
use of stem cells (SC), in order to restore the structure and func-
tional properties of cavernous tissue. This is evidenced by the first
experience of their intracavernous transplantation. However, as
it turned out, with a significant improvement in the structural
and functional parameters of the cavernous tissue, a very small
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amount of SC can be identified in it itself [6—16]. This may be
due to migration or death of cells, which, on the one hand, re-
duces their therapeutic effect, and on the other hand, it worsens
the selectivity of the action, since SC with blood flow can fall
into different parts of the body with unpredictable consequences.

To solve the problem of the low adhesion of the SC to the
subendothelial matrix, we proposed to integrate into their mem-
brane special molecules (SYT1 and SYT2). In the previous ex-
periment, we demonstrated that the expression of SC in media
SYT1 and SYT2 leads to the inclusion of these molecules in the
cellular membrane. Thus, the proportion of SYT1 and SYT2 posi-
tive SC in pools exposed in special SYT1 / SYT2 environments
was significantly (p<0.05) higher, respectively, by 70% and 59%,
and 64% and 48%, respectively, than in exposed pools Sham and
SYT1 / SYT1 solutions.

In this work, we examined the assumption that SC with mod-
ified adhesive properties (SC-m-SYT1 / SYT2), more clearly
than the native IC, to restore the phosphatase and contractile
activity of the cavernous tissue damaged by hyperglycemia.

MATERIAL AND METHODS

According to the experiment, two intravenous injection
(ICT) ICs (1x106 cells) were administered once weekly to group
A for two groups of adult male rats in the Vistar line from strep-
tozotocin induced by hyperglycemia (glucose level >8 mmol/1)
for 3 months. (n=10) were administered SC-m-SYT1 / SYT2,
group B (n=10) native SK. One week after the last ICH in ani-
mals, blood glucose levels from the caudal vein were determined
and deduced from the experiment. The penis was removed, after
which it was isolated from the pelvic tissue for further determina-
tion of phosphatase (alkaline phosphatase (LF) and ATPase) and
contractile activity.

Experimental studies were performed on 20 sexually mature
male Wistar rats weighing 160—180 g, vivarium dilution of the
Institute of Pharmacology and Toxicology of the National Acad-
emy of Medical Sciences of Ukraine, which were on the standard
diet in accordance with sanitary and hygiene norms, the rules
of the European Convention for the Protection of Vertebrates
animals used for experimental or other purposes (Strasbourg,
1986). The initial glucose level in all animals was in the range of
4.0-5.11 mmol/1.

Methods of induction of hyperglycemia, glucose test, deter-
mination of phosphatase activity of cavernous tissue, and char-
acteristic of native SC are described in previous publications
[17, 18]. The isometric force of reducing cavernous tissue strips
in response to an electrical impulse (voltage 50 V, duration 10 s,
frequency range (1-32 Hz)) was determined according to the
standard method.
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Characteristics of the studied groups *

Parameter Group A, n=10 Group B, n=10 p
) 161 157
Body weight, g (147; 167) (149; 167) >0.05
. 36 35
The level of glycemia, nmol/I (28: 38) (30: 38) >0,05
. . 3,6 2,3
Amplitude of contractions (3,1:3,9) (2,1:2,7) <0,05
Intensity of stalr.nng on ATP-aze, 4 3 <0,05
points (4; 5) (3;4)
. o . 5 3
Intensity of painting on LF, points (4: 5) (3: 4) <0,05

* Data transmitted as Me (Persentil 25; 75).

For the modification of adhesive properties, native SCs were
exposed in a special medium containing SYT1 / SYT2 molecules.

Statistical analysis: The reliability of intergroup differences
in median values of the amplitude of contractions and the inten-
sity of coloration was determined by the Wilcoxon criterion. The
level of significance was assumed to be 0.05.

RESULTS

Prior to ICI, both groups of animals were comparable in
terms of age and level of glycemia (Table 1).

During experiments with electrostimulation, it was found
that strips of cavernous tissue obtained from the male hippogly-
cemic male rats of the Wistar line, which were introduced SC-
m-SYT1 / SYT2, reacted to the action of electric current with
reductions of greater amplitude than strips of animals that were
introduced by native MSCs (Figure 1).

The Wilcoxon test confirmed that the differences between
the groups at the median values of the amplitude of the reduction
(Table) were non-random.

In the previous work [17] we found that for intact cavernous
tissue there is a high activity of AF and ATP-bases, which is pre-
dominantly determined in endothelial cells (the endothelial lining
of sinuses and capillaries is completely painted in a dark brown col-
or). Hyperglycemia reduces the activity of ATPase and AF, which
is determined by the unevenness of the dye deposition and the
reduction of the intensity of coloration. At the end of the course
of the ICI in the group of animals transplanted MSC-m-SYT1/
SYT2, a significantly more restful activity of both enzymes was
recorded, compared with the group that introduced native cells.

In particular, Me intensity of coloring on AF and ATPase in
group A were significantly (p<0.05) were respectively 1.5 and 1.6
times higher than in group B.

Analysis of glycemic changes in both groups before and af-
ter transplantation did not reveal statistically significant effects
from both modified and native SCs on this indicator.

Fig. 1. Curves of strips of cavernous tissue in response

to an electrical impulse: A - from the hyperglycemic male rat #
3A, received four lICs MSC-m-SYT1 / SYT2 (large amplitude of
abbreviations); B — from a hyperglycemic male rat, number 5B,
which received four IICs of native MSCs

(small amplitude of contractions)

Thus, the recorded effects — a more pronounced restoration
of the contractile ability and phosphatase activity of the cavern-
ous coccidia in the group using SC-m-SYT1 / SYT2, in compari-
son with the group where the native ICs were used — indicate
that inclusion in the membrane of stem cells of SYT1 molecules

Fig. 2 The activity of ATPase in the rat’s caudal tissue: A - from the hyperglycemic male rat 3A, which received four lICs SG-m-SYT1
/ SYT2 (intense and uniform accumulation of dye in the endothelial lining area); B — from a hyperglycemic male rat, number 5B,
which received four IVIs of native SC (low-intensity focal deposition of the dye). Vachstein and Meisel methods. Magnification x200
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Fig. 3. AF activity in rats’ cavernbus tissue: A — from hyperglycemic male rats # 3A receiving four lIGs SCMSYT1 / SYT2 (intense and
uniform accumulation of dye in the endothelial lining area); B — from a hyperglycemic male rat, number 5B, which received four IVis
of native SC (low-intensity focal deposition of the dye). Methodology of Gomori. Magnification %200
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Fig. 4. Dynamics of hyperglycemia in the studied groups

and SYT?2 using special vectors increases their ability to be fixed
to the subendothelial matrix. Further research is needed on the
processes of differentiation of modified SC in intact and patho-
logically modified pelvic tissue of the penis.

CONCLUSIONS

1. Modification of the adhesive properties of SC with the
help of SYT1 / SYT2 molecules increases their ability to restore
the crescent activity of the cavernous tissue of male rats in the
Vistar line damaged by hyperglycemia: the median amlitum
of the contractions of the smooth muscle strips from animals
contracted by SC-m-SYT1 / SYT2 was in 1.6 times greater
(p<0.05, Wilcoxon’s criterion) than in the group where native
ICs were used.

2. Modification of adhesive properties of SC with the help

UHTpakaBepHO3HO3HAasA TPaHCMaHTaUns

npu 3peKkTuiibHON auchyHkuun: mogudukauns
aare3vBHbIX CBOMCTB Mosiekynamu SYT1/SYT2
ycunmBaeT CnoCOGHOCTb CTBOJIOBbIX KJ1€TOK
BOCCTaHaBIMBaTb COKpaTUTENbHYIO N pocdaTtasHyio
aKTUBHOCTb NELLEePUCTON TKaHU,

NOBpPEXAEHHON B pe3yJsibTaTe rmneprivkeMum

U.N. NropnuHyeHko, A.M. CbITeHKO

Ha nxByx rpymmnax (n=10; 1:1) 1mos0BO3pesbIX KPbIC-CAMI[OB JIMHUT
Bucrap maccoit 160-180 r ¢ uHAYIMPOBAHHOI THUIIEPIIMKEMUeEN
(>8 MMOJIb/J1) TIPOBEIEHO CPABHUTENIbHOE HCCJIe[0BaHNE BIIMSHUS
YyeThIpex MHTPaKaBepHO3HbIX uHbeKIui (1x10% kietok oxuH pas B
HeJesI0) HATHBHBIX CTBOJIOBBIX KieTok (CK) m kieTox ¢ mmrterpu-
poBanHbiMu B MeMOpany mosiexyiaamu SYT1 / SYT2 (CK-m-SYT1 /
SYT?2) na cokparuresnbhyio u ¢pochaTa3nyio aKTUBHOCTD IIEIEePUCTON
TKaHU. Y CTaHOBJIEHO, 4TO 110 oKoHYaHuu VIKU B rpyiiie *KMBOTHBIX,
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of molecules SYT1 / SYT2, enhances their ability to restore the
phosphatase activity of the cavernous tissue of male rats in the
Vistar line damaged by hyperglycemia: the median intensity of
coloring by ATP-aza and LF of pathogistological preparations of
cavernous tobaccos from animals that have been grafted SC-m
- SYT1 / SYT2, was 2 and 1 points higher (p<0.05, Wilcoxon
criterion) than in the group where native ICs were used.

3. Intracavernous transplantation of both modified and na-
tive SCs does not lead to correction of the level of glycemia in the
experimental animals, and therefore the influence of SC on the
cavernous tissue is associated with their paracrine effects.

Further research on humming processes and differentiation
of SC modified by SYT1 / SYT2 molecules in intact and patho-
logically modified cavernous coccidia in vitro and in vivo are nec-
essary.

nosrydaBimx CK-m-SYT1 /SYT2, meanana aMIinTy ibl COKpaleHmit
6bi1a B 1,6 paza 6osbire (p<0,05, kputepuii Busikokcona), a MeauaHbl
unrencuBrocTH okpackn Ha ATM-azy u JID coorBercTBenno Ha 2 u 1
Gasios 6oJibIlie, ueM B rpyiiie, rie soaumch Harusabie CK (p<0,05,
kpurepuii Bunkokcona). MKW natusnbix 1 Mogudunnposanibix CK
He BJIVSIIA HA YPOBEHb TJIINKEMHH.

Momudukarnms aaresusHbix cBoiictB CK monexymamu SYT1 / SYT2
MOBBIIAET UX CMIOCOOHOCTH BOCCTAHABIMBATL COKPATUTENBHYIO U (HOC-
¢aTazHyl0 aKTUBHOCTb TIENIEPUCTON TKaHW, TOBPEKIEHHOW BCJIe/-
cTBUe runepraukeMun. HeoOX0AMMbl JajbHEIne KCcef0BaHus
rporeccoB xoymunra u auddepenimposku CK, MoanduinpoBanHbix
mosekyamu SYT1 / SYT2, B MHTAKTHOI M ATOJIOTHYECKH MU3MEHeH-
HOM HenepucToit TKauu in vitro u in vivo.

Kniouesvte cnosa: spexmuivnas Ouc@ynkuus, cmeonosvie Kiemki,
2unepenuKemMusl, UHMPAKABEPHOIHASL MPAHCHAAHMAUUS, NEUePUCTNAsL
MKaHb, COKPAMUMENLHAS, AKMUSHOCTMb, (POCHAMAasnas akmusHoCmy.
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IHTpakaBepHO3Ha TPaHCMIaHTaLifa Nnpu

epeKkTUNbHIN AncPyHKLUIT: moandikauia aaresmMBHUX
BnacTtmeoctei monekynamu SYT1 / SYT2 nocunioe
3[aTHICTb CTOBOYPOBUX KJIITUH BiAHOBJIOBATU
ckopoTnuBy Ta pocdaTa3Hy aKTUBHICTb Ne4epucTor
TKaHUHU, YLIKOADKEHOI BHACNIAOK rinepriikemir

I.1. lopnuH4yerko, A.M. CuteHko

Ha nBox rpynax (n=10; 1:1) cTareBospinnx mypis-camuis sinii Bictap
macoio 160—180 r 3 ingykoBanoi rinepririkemieio (>8 MM0JIb/T) TIpOBe-
JIEHO HOPIBHSUIBHE JOCJI/UKEHHS BIUTUBY YOTUPHOX IHTPAKABEPHO3HNX
in'exniil (1x10% kuriTUH O/MH pa3 Ha THIK/EHb) HATUBHUX CTOBOYPO-
Bux kiaitiH (CK) i KTiTHH 3 iHTerpoBaHUMI y MeMOpPaHy MOJICKYJIaMU
SYT1 / SYT2 (CK-m-SYT1 / SYT2), na ckoporsiusy i docharazmy
aKTUBHICTh IeueprcTol TKaHWHN. BCTaHOBIEHO, IO 10 3aKiHYEHHIO

IK y rpymi tBapuH, sxi orpumysamu CK-m-SYT1 / SYT2, meniana
aMILTiTyn ckopoderb Oyna B 1,6 pasy Oimbuie (p<0,05, kpurepiii
Biskokcona), a memianu intencusHocti 3abapsienns na ATd-azy
i JIO Bignosiguo Ha 2 i 1 Gaxis Gisblile, HiK B TPy, je BBOAUIN-
cst matuai CK (p<0,05, kpurepiii Bimkokcona). IK/[ matuBHuX i
moaudikosannx CK He BIuMBaiM Ha piBeHb rulikeMii.

Momndixkaris agresmsnnx Bractusocteit CK momexymamu SYT1 /
SYT2 nigsuirye iXHiO 3/aTHICTb BiIHOBJIIOBATH CKOPOTJIMBY i (hoc-
(aTasHy akTHBHICTD TEYEPUCTOI TKAHUHH, MONIKO/UKEHOI BHACITIZOK
rinepriikemii. HeoOxiziHi mogaibiini 10C/IisKeH ST IPOIECiB XOyMiHTa i
madepenniosanns CK, momudixkosanux mosexymamu SYT1 / SYT2, B
iHTAKTHIN i TATOJIOTIYHO 3MiHEHiii TleyepucTiii TKaHUHi in vitro i in vivo.

Kmouosi caoea: epexmunvra Juchymxuis, cmoebyposi Kiimunu,
zinepenikemis, IHMpPaKagepHo3na mpancnianmayis, neuepucma mxami-
Ha, CKOPOMAUBA AKMUBHICMb, hochamasna axmueHicmo.
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