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Abstract. Comparative analysis of aldehyde dehydrogenase 1 expression in polyps and adenocarcinoma of the
distal colon. Shyshkin M.A., Khrystenko T.O. Aldehyde dehydrogenase 1 (ALDH]I) is one of the most widely used
cancer stem cells markers, even though the question of its significance for certain stages of colorectal carcinogenesis is
still unclear. The aim of this study was to compare ALDHI immunohistochemical expression levels in polyps and
adenocarcinoma of the distal colon. Histopathological and immunohistochemical studies of biopsies from 40 patients
(biopsies of polyps and histologically non-changed mucosa of the distal colon), as well as surgical material of
colorectal adenocarcinoma from 30 patients were carried out. It was established that distal colonic polyps are
characterized by cytoplasmic expression of ALDHI with the median of relative area that is equal to 25.63 (18.26;
30.42)% stromal cells. ALDH1 expression by epitheliocytes is revealed exclusively in dysplastic polyps with the median
of the area that is equal to 22.13 (17.22; 30.05)%. Colorectal adenocarcinoma is characterized by cytoplasmic
expression of ALDHI with the medians of the area that are equal to 40,22 (22,54, 47,77)% stromal cells and 32,12
(23.64; 40.28)% cancer cells. The area of ALDHI+ cells varies depending on the pTNM stage of the carcinoma,
herewith the median of ALDH1+ stromal cells is significantly increasing during the tumor progression from the I to the
11l stages that displays increasing in number of stromal cells which are involved in oncogenic signaling pathways
activation. The median of ALDHI+ cancer cells is significantly increasing during the tumor progression from the Il to
the 1V stages that shows increasing number of cancer cells that acquire properties of stem cells on advanced stages of
colorectal adenocarcinoma. Comparative analysis of the parameters obtained for polyps and carcinoma indicates that
the median of ALDHI+ stromal cells area in polyps is 2 times smaller than the median of ALDHI+ stromal cells area
in carcinoma, and the median of ALDHI+ epitheliocytes area in polyps is 1.5 times smaller than the median of
ALDHI+ cancer cells area.

Pedepar. IlopiBusnbHuii ananiz exkcnpecii anabaeriggerigporesasu 1 B nojinax i aqjeHOKapuUuHOMi JMCTAIbHOI
ToBcTOi Kumku. Inmkin M.A., Xpucrenko T.O. Anvoeciooeziopocenaza 1 (ALDHI) ¢ oonum 3 navvacmiuie
BUKOPUCTNOBYBAHUX MAPKeEPi68 pAKOSUX CMOBOYPOSUX KIiMuH, npome NUMAHHA U000 U020 3HAYYWOCHI BIOHOCHO
OKpeMux emanie KoJlOpeKmanbHo20 KAHYepo2eHesy IUMAemvbcs 00 Kinys He eusyeHum. Memoio ybozo docniddicenns
Cmano nopieHsHHs pieHie imynocicmoximiunoi excnpecii ALDHI 6 noninax i adeHokapyuHomi oucmanbHoi moecmor
xkuwiku. Ilposedeno namomopgonoziune ma imynocicmoximiune 0ocuioxcenns oionciuinozo mamepiany 40 nayicnmie
(6ionmamu noninie i 2iCMONO2IYHO HE3MIHEHOI CAU30680i OOONOHKU OUCMATBLHOI MOBCMOI KUWIKU), a MAKOIC
onepayilinozo mamepiany Koaopekmanvroi adenokapyurnomu 30 nayicnmis. Ycmanoeneno, wo noainu oucmanvbHoi
MOBCMOI KUWKU Xapakmepusyromoscsa yumoniazmamuunorw excnpecicio ALDHI 3 medianoio ionochoi niowi 25,63
(18,26, 30,42)% xnimun cmpomu, a makodic, Wo eKcnpecis mapkepa enimenioyumamu BUABTAEMbCA GUKTIOYHO 8
oucnaacmuyHo 3MiHeHux noainax 3 meodiavoro naowi 22,13 (17,22; 30,05)%. Konopexmanvha aodeHokapyuroma
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xapakmepusyemuvcsa yumoniazmamuutorw excnpecicio ALDHI 3 medianamu niowi 40,22 (22,54, 47,77)% kaimun
cmpomu ma 32,12 (23,64, 40,28)% paxosux knimun. [loxkasnux niowi ALDHI+ xknimun eapitoe 3anedxncHo 6i0 cmadii
xapyunomu 3a pTNM, npu yvomy mediana niowi ALDHI+ xnimun cmpomu 00cmogipHo 30i1buyemvpcs npu npozpecii
nyxaunu 6i0 I 0o Il cmadii, wo e6idobpadicac 30inbUleHHS KIIbKOCMI KIIMUH CMPOMU, 3AIYYEHUX 00 aKmueayii
MyMopocenHux cueHanohux uuaxie. Meodiana niowi ALDHI+ pakoeux kiimun 00CMOGIPHO 30i1bWyEmMbCs npu
npoepecii nyxaunu 6i0 Il 0o IV cmadii, wo 6idobpasicac 30iNbuleHHs KITbKOCMI PAKOSUX KIIMUH, Wo Habyeaoms
eracmusocmeil Cmogoypoeux, Ha NPOCYHYMUX CMAOisx KOJLOpeKmanvHol adenoxapyuromu. [lopisHanbHuil ananiz
NOKA3HUKIB, OMPUMAHUX OJIs1 NONINIG I KAPYUHOMU, 8KA3YeE HA me, wjo mediana niowi ALDHI+ kaimun cmpomu nouainie
6 2 paszu menwa 3a mediany niowi ALDHI+ xnimun cmpomu kapyunomu, a mediana niowi ALDHI1+ enimenioyumis
nozinie 8 1,5 pasa menwa 3a mediany niowi ALDHI+ pakosux kiimuH.

During the last decade, a significant amount of
data supporting the hypothesis of cancer stem cells
(CSCs) has been accumulated. CSCs are cells that
are present in cancer and have properties of normal
stem cells including the ability to self-renewal and
the ability to differentiate towards any type of cells that
are present in the same tumor [5]. Among the most
used CSC markers in colorectal adenocarcinoma
(CRA) is aldehyde dehydrogenase 1 (ALDH1) [7].

ALDHI1 is an oxidoreductase that provides oxi-
dation of a wide range of endo- and exogenous
aldehydes. The main function of ALDHI is to
protect cells under oxidative stress. Moreover,
ALDHI1 plays a key role in biosynthesis of some
regulatory molecules, such as retinoic acid, y-
aminobutyric acid, and betaine [11].

ALDHI1 is well known as a “metabolic marker”
of stem cells, that is based on the main function of
the enzyme — protection of cells from oxidative da-
mage and, as a consequence, providing their high
survival rate [4]. ALDHI1 is expressed by normal
stem cells, progenitor cells, and CSCs [11]. A
compelling amount of data regarding the signi-
ficance of ALDHI1 expression in various types of
cancer has been accumulated in the current literature
[3, 4, 10]. A lot of research were devoted to studying
of ALDHI1 expression significance in CRA, ho-
wever, the data obtained are contradictory. In some
studies, it was shown that ALDH1 is an independent
prognostic marker, high expression of which directly
correlates with worsening of prognosis, as well as
with clinical and pathomorphological characteristics
of the tumor [9]. At the same time, it was shown that
the expression of ALDH1 does not correlate with the
CRA stage [2]. Furthermore, in the modern literature,
there are only single data regarding the features of
ALDHI1 expression in colorectal polyps, which do not
provide a comprehensive picture of the marker signi-
ficance in the context of colorectal cancerogenesis [9].

The aim of the study was to compare ALDHI
immunohistochemical expression levels in polyps
and adenocarcinoma of the distal colon.

MATERIALS AND METHODS OF RESEARCH
Histopathological and immunohistochemical (IHC)
studies of biopsies from 40 patients (biopsies of po-
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lyps and histologically non-changed mucosa of the
distal colon), as well as surgical material of colorectal
adenocarcinoma from 30 patients, were carried out.

The biopsies and the surgical material were fixed
in 10 % neutral buffered formalin and were paraffin-
embedded. The features of the studied samples
histological structure were studied in sections
stained by hematoxylin and eosin, and in sections
stained by PAS-reaction as well.

IHC study was conducted according to the pro-
tocol provided by the manufacturer of used anti-
bodies. Monoclonal antibodies against ALDHI
(ALDHI1AL1, Clone 5A11, Thermo Scientific, USA),
as well as visualization system EnVision FLEX with
diaminobenzidine (DAKO, USA), were used. The
results of IHC reactions were studied using
Axioplan-2 microscope (Carl Zeiss, Germany). In
each case, the area of ALDHI-positive cells was
estimated in 5 standardized microscope fields of
view at x 200 magnification. The area was
estimated by the method of photo digital morpho-
metry: calculation of immunopositive pixels
number in a digital image with further comparing
to total pixels number in the image was carried
out. As a result, the number of immunopositive
pixels was expressed in % [1].

The obtained data were statistically processed using
the STATISTICA® for Windows 13.0 package
(StatSoft Inc., license no. JPZ8041382130ARCN10-J).
The median (Me), the lower and upper quartiles (Q1;
Q3) were calculated. Comparison between two study
groups was carried out using the Mann-Whitney test.
The results were considered statistically significant
at the 95% level (p<0.05) [8].

RESULTS AND DISCUSSION

It was found that distal colonic polyps are cha-
racterized by cytoplasmic ALDHI expression in
stromal cells, with the median of relative area of
ALDHI+ cells equal to 25.63 (18.26; 30.42)%
stromal cells (fig. 1). ALDHI1+ epitheliocytes are
revealed exclusively in dysplastic polyps with the
median of the area that is equal to 22.13 (17.22;
30.05)% epitheliocytes.
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Fig. 1. ALDH1 expression in distal colonic polyp. ALDH1A1/Clone 5A11 (Thermo Scientific, USA) x200

Colorectal adenocarcinoma is characterized by
cytoplasmic ALDHI1 expression in both stromal and
cancer cells. The median of relative area of
ALDH1+ stromal cells is equal to 40.22 (22.54;

47.77)%, while the median of relative area of
ALDHI1+ cancer cells is equal to 32.12 (23.64;
40.28)% (fig. 2).

Fig. 2. ALDH1 expression in colorectal adenocarcinoma. ALDH1A1/Clone SA11 (Thermo Scientific, USA) %200

Based on the results of histopathological exa-
mination, the CRA study group was divided into
subgroups according to the pTNM stages. Com-
parative analysis for the data obtained for the
sequent stages was carried out. The median of rela-
tive area of ALDH1+ stromal cells in CRA T stage is
equal to 20.66 (18.51; 21.47)% vs. the median of
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relative area of ALDHI+ stromal cells in CRA 11
stage is equal to 25.75 (20.56; 32.86)%, p<0.05; the
median of relative area of ALDHI1+ stromal cells in
CRA 1I stage vs. the median of relative area of
ALDH1+ stromal cells in CRA III stage is equal to
44.93 (41.17; 50.01)%, p<0.05; the median of rela-
tive area of ALDH1+ stromal cells in CRA III stage

Ha ymosax niyensii CC BY 4.0



MEJINYHI IIEPCIIEKTUBH / MEDICNI PERSPEKTIVI

vs. the median of relative area of ALDH1+ stromal
cells in CRA IV stage is equal to 48.36 (42.15;
55.17)%, p>0.05.

The median of relative area of ALDH1+ cancer
cells in CRA I stage is equal to 26.04 (21.65;
31.94)% vs. the median of relative area of
ALDH1+ cancer cells in CRA 1I stage is equal to
30.31 (21.17; 35.68)%, p>0.05; the median of
relative area of ALDHI+ cancer cells in CRA 11
stage vs. the median of relative area of ALDHI1+
cancer cells in CRA III stage is equal to 30.28
(21.19; 35.47)%, p>0.05; the median of relative
area of ALDH1+ cancer cells in CRA 111 stage vs.
the median of relative area of ALDHI+ cancer
cells in CRA 1V stage is equal to 48.71 (38.72;
51.16)% , p<0.05.

Thereby, statistically significant increase of the
area of ALDHI1+ stromal cells in CRA during its
progression from [ to III stages was revealed.
Statistically significant increase of the area of
ALDH1+ cancer cells in CRA during its progression
from III to IV stages was revealed as well. Accor-
ding to the literature, ALDH1+ cells of CRA stroma
are involved in activation of several signaling
pathways, including MEK/ERK- and Wnt/B-catenin
cascades. It is well known that activation of those
cascades forms the basis of invasiveness in different
carcinomas, including CRA [3]. ALDHI1+ cancer
cells are known as cancer cells undergoing epi-
thelial-mesenchymal transition. Based on the litera-
ture, the expression of ALDHI1 by cancer cells is
associated with loss of E-cadherin expression and
appearance of vimentin expression [6]. In addition,
ALDH1 expression by cancer cells displays their
acquisition of stemness. The enzyme performs its
main detoxifying function in these cells that leads to
their high survival rate [11].

Comparative analysis for the data obtained for
both distal colonic polyps and colorectal adeno-
carcinoma was performed as well. It was revealed
that the median of area of ALDHI1+ stromal cells in
polyps is 2 times smaller than that in CRA: 25,63
(18.26; 30.42)% vs. 40.22 (22.54; 47.77)%, p<0.05.
The median of area of ALDHI1+ epitheliocytes in
polyps is 1,5 times smaller than that for cancer cells
in CRA: 22.13 (17.22; 30.05)% vs. 32.12 (23.64;
40.28)%, p<0.05.

It has already been said that in the modern lite-
rature there are only single data regarding the
features of ALDH1 expression in colorectal polyps
[9]. In this study it was shown that the medians of
ALDHI1+ cells areas are significantly higher in
CRA, when compared with those in polyps, that
indicates an increasing role of ALDHI1 in progres-
sion of advanced stages of colorectal carcinogenesis.

CONCLUSIONS

1. Distal colonic polyps are characterized by cy-
toplasmic expression of ALDHI, the median of
ALDHI1+ stromal cells area in polyps is 2 times
smaller than the median of ALDHI+ stromal cells
area in carcinoma, and the median of ALDHI1+ epi-
theliocytes area in polyps is 1.5 times smaller than
the median of ALDHI1+ cancer cells area.

2. Colorectal adenocarcinoma is characterized by
cytoplasmic expression of ALDHI1, the median of
ALDHI+ stromal cells area significantly increases
during the tumor progression from stage I to stage III.

3. The median of ALDHI+ cancer cells area
significantly increases during the tumor progression
from stage III to stage IV that displays increasing in
number of cancer cells that acquire stemness on
advanced stages of colorectal adenocarcinoma.
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