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Aim. To investigate the effect of knockout of the pituitary tumor transforming gene (pttg-1) on the morphometric pa-
rameters and carbohydrate determinants of the murine renal structures. Methods. Kidneys of the knockout mice
in comparison with the wild type mice of BL6/C57 strain of 1 month and 1 year age were subjected to morpho-
metric investigation and lectin histochemistry. Morphometric study was completed using ImagePro Plus and
ImageJ software. Glycoconjugates were detected by means of 8 lectins possessing different carbohydrate affini-
ties. Results. Knockout of the pttg-1 gene was accompanied by an increased (approx. 30 %) urinary space within
the renal corpuscles, enhanced exposure of the LCA and PNA receptor sites, and reduced binding of the LABA,
WGA and SNA lectins. Conclusions. This study suggests the effect of the pttg-1 gene products on processing and
exposure of the carbohydrates in renal tissues, apparently affecting ultrafiltration of the primary urine.

Keywords: knockout of pttg-1 gene, lectin histochemistry, renal corpuscles, morphometry, mice.

Introduction. The increased expression of the pituitary
tumor transforming gene (pttg-1) and elevated amount
of its protein product, securin, are currently believed to
be the most characteristic signs of pituitary adenomas,
as well as a wide variety of other tumors in mammals,
including humans [1-3].

To elucidate a physiological role of pttg-1, the line
of mice with a knockout (KO) of this gene was created
[4]. The mice deficient in the pttg-1 gene exposed a
disrupted spermatogenesis, thrombocytopoiesis, erythro-
poiesis, and damaged key parts of the immune defense
[4-6].

Search for the proteins involved in the regulation of
sister chromatids separation during mitosis permitted
to reveal a regulatory protein securin [7] which turned out
to be a product of the pttg gene [1]. It was established
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that the fzy and fzr proteins assisted in securin ubiquiti-
nation, triggering its cleavage in the proteasome and
launch of the anaphase in mitosis [8]. The securin syn-
thesis starts in the G1 and S phases of the cell cycle, and
its concentration reaches a maximum in the phase G2/
M, significantly decreasing during mitosis. The securin
over-expression causes an arrest of the cell cycle in the
G2/M phase [9] and an apoptosis dependent upon the
protein p53 [10].

The pttg-1 knockout in mice leads to the structural
changes in organs of the immune system, in particular,
hyperplasia of thymus and spleen [4]. The cytological
studies revealed that the pttg-1 deficient fibroblasts are
characterized by an increased ratio of chromosomal
aberrations, polyploidy and aneuploidy, and 6 % of the-
se cells undergo apoptosis [11].

We were the first to investigate the glycan profiles
of tissues and organs of the przg-1 knockout mice [12].
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Table 1
Primers used for mice genotyping pttg gene and its insert

Primer

Direct

Revers

Gene pttg

5-TAGGCTTTTCGGCAACTCTGT-3'

S-TTCTGGGGACTGAATTCAGG-3'

Insert

5-GTGCTACTTCCATTTGTCACGTCC-3'

S-TTAGCTGTGAGCTCGTCGTG-3'

It is known that the carbohydrate determinants of gly-
coconjugates due to specific conformation, mass, char-
ge, and other properties of their molecules, might be in-
volved in a large variety of physiological and pathologi-
cal processes [13—15]. The carbohydrate-binding pro-
teins, lectins, are currently considered to be the most
sensitive tools that are used to study the histopatholo-
gical changes in cellular and tissue glycomes [15-21].

In our previous investigation [12], an increased
exposure of the DGalNAc carbohydrate determinants
in kidney and testes of the pttg-1 knockout mice one
month of age was detected. Earlier, we showed that apo-
ptotic processes are characterized by a significant rear-
rangement in cellular glycocalyx, and these data are
successfully used to effectively diagnose the dying cells
at the autoimmune disorders [20].

The aim of present work was to study the impact of
the pttg-1 knockout on the mouse kidney morphomet-
ric parameters, in particular, on the renal corpuscles uri-
nary space. To get better insight into possible changes
of the renal glycoconjugates, an expanded lectin panel
was used. A comparison of the kidney glycan profiles in
mice of 1 month and 1 year age was also accomplished.

Material and methods. Animals. BL6/C57 mice
with the pttg-1 gene knockout were obtained from the
Research Institute, Cedar Sinai Medical Center (Los
Angeles, USA) according to the agreement on scien-
tific cooperation with the Institute of Cell Biology,
NAS of Ukraine (Lviv). 4 groups of animals were used
in this study: 2 groups of the BL6/C57 wild type mice
(pttg-WT) of 1 month and 1 year age, and 2 groups of
animals of the same age and the same line with the pttg
gene knockout (p#tg-KO). Each group consisted of 5
male mice, which were kept in the vivarium of the
Institute of Cell Biology, NAS of Ukraine.

The investigation was carried out according to the
ethical criteria for the use and handling of laboratory

Table 2
Conditions of polymerase chain reaction
Stage ‘ t,°C ‘ Duration, s
Denaturation 94 60
Joining primers 58 60
. 70 (for TAKARA-polymerase) or
Synthesis 72

100 (for Taqg-polymerase)

animals established by Lviv National Medical Univer-
sity in accordance with the «General ethical principles
on experiments with animals» of the 1* National Cong-
ress on Bioethics (Kyiv, 2001), and in compliance with
the National Institutes of Health (NIH) Guide for the
Care and Use of Laboratory Animals (1996).

Identification of the pttg-1 gene or insertion, inver-
ted instead of the gene in the knockout mice, was per-
formed by the polymerase chain reaction (PCR) using
the primers specific to the ptfg-1 gene or insertions
(Table 1). DNA was prepared from blood cells of mice
using a reagent set of «IsoGene» ( Russia).

PCR was performed using the reagents of «Fermen-
tas» (Lithuania) according to the previously optimized
program (Table 2), having previously denaturated mo-
use genomic DNA in the reaction mixture at 94 °C for 6
min. For the synthesis of sufficient DNA quantities,
32-34 cycles of the PCR were performed. At the end of
the reaction last cycle, the samples were incubated at
72 °C for 7 min for the extension of truncated products.
The PCR products were separated with electrophoresis
in 1.5 % agarose gels in 0.5-fold tris-borate buffer at a
voltage of 5 V/em. The results of screening for two
animals of each group are presented in Fig. 1.

Tissue samples. Mice were euthanized by an over-
dose of diethyl ether. Histological material (kidney)
was fixed in 4 % neutral formalin and embedded in pa-
raplast, according to the standard protocol. For general
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—— e =y
KO WT KO WT KO WT

Fig. 1. Electrophoregram of PCR products of pttg-1 gene knockout (KO,
596 base pairs); WT — PCR products of pttg-1 gene wild type (114
base pair)

Table 3
Used lectins and their carbohydrate specificity

the object program ImagePro Plus. Statistical signifi-
cance was calculated using #-test.

Lectin histochemistry. To study the renal glycocon-
jugates, 8 lectins with different carbohydrate specifi-
city were used (Table 3). They were purified and conju-
gated with horseradish peroxidase by Dr. V. A. Antoni-
uk («Lectinotest Laby, Ukraine). More detailed informa-
tion concerning carbohydrate specificity of the lectins
used is presented in the monographs [15, 16].

To detect the carbohydrate determinants the depa-
raffinized sections were incubated for 20 min in metha-
nol with 0.3 % H,0O, to block endogenous peroxidase;
through descending ethanols adjusted to phosphate buf-

Lectin and its abbreviated name

Specific monosaccharide

Complementary oligosaccharidic moiety*

Lens culinaris agglutinin (LCA) aDMan/aDGle Man(a1-3)Man, glycogen
Laburnum anagyroides bark agglutinin (LABA) aLFuc Fuc(a1-2)Gal(31-4)Glc
Soybean agglutinin (SBA) DGalNAc GalNAc(a1-3)Gal(B1-3)GalNAc
Helix pomatia agglutinin (HPA) aDGalNAc GalNAc(al1-3)GalNAc
Peanut agglutinin (PNA) DGal DGal(B1-3)GalNAc

Ricinus communis agglutinin (RCA)
Wheat germ agglutinin (WGA)

Sambucus nigra agglutinin (SNA)

BDGal > NeuNAc
DGIcNAc > NeuNAc

NeuNAc(a2-6)DGal

NeuNAc(2-6)Gal(B1-4)GlcNAc

NeuNAc(2-6)Gal(31-4)GIcNAc,
Man(B1-4)GlcNAc(31-4)GIcNAc

NeuNAc(02-6)DGal(B1-4)GIcNAc(B1-2)

*List of abbreviations: DMan — D-mannose; DGlc — D-glucose; LFuc — L-fucose; DGalNAc — N-acetyl-D-galactosamine; DGal — D-galactose;
NeuNAc — N-acetyl-neuraminic (sialic) acid; DGlcNAc — N-acetyl-D-glucosamine.

morphology study, the sections 7 um thick were stained
with hematoxylin and eosin. The pictures were taken
from the received histological slides using a microsco-
pe DeltaOptical Evolution 100 Trino, equipped with a
camera DeltaOptical using objective lenses 20 x NA
0.4 and 40 x NA 0.65.

Image analysis was carried out using ImagePro Plus
and ImageJ software systems. The number of renal cor-
puscles was determined by counting corpuscles in the
micrographs of 10 independent sections of each option
(one micrograph consistent area of 0.95 mm®) and the
mean and standard error mean were calculated. Deter-
mination of the urinary space area was carried out by
analyzing urinary spaces of 100 randomly selected kid-
ney corpuscles (a minimum of three different histologi-
cal sections) with the calculation of the area defined by
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fered saline (PBS, pH 7.4 ); incubated for 45 min at ro-
om temperature with lectin-peroxidase conjugate (dilu-
tion 10-25 pg/ml in PBS); washed in three portions of
the PBS; visualization of the lectin receptor sites was
carried out in a solution of 0.05 % diaminobenzidin x
x4HCI («Sigma», USA) in the presence of 0.015 % H,0,.

The control on specificity of histochemical reactions
was performed as follows: (1) exclusion of lectin-pero-
xidase conjugate from the staining protocol; (2) oxi-
dation of the carbohydrate determinants prior to the lec-
tin-peroxidase application by 60 min incubation in 1 %
solution of HIO, («Reanal», Hungary). In both cases,
negative reactivity was detected. More detailed infor-
mation concerning the staining protocols of lectin histo-
chemistry and control on specificity of binding is given
elsewhere [22].
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Results and discussion. Morphometric investiga-
tion. Morphometric study of hematoxylin and eosin sta-
ined specimens revealed that in the control group the
number of renal corpuscles was 17.0 + 0.90, whereas in
the experimental group it was 17.8 + 1.68 (in the same
field of observation corresponding to 0.95 mm’).
However, the urinary space increased by 1.54 times in
the experimental group (519.214 + 41.194 pixels) com-
paring with the control group (336.429 + 27.699 pi-
xels) (Fig. 2). This difference in the urinary space area
was statistically significant (P = 0.0002).

Lectin histochemistry. The LCA lectin receptor sites
were localized on the luminal surface and in the apical
portions of tubular epithelium, as well as within the nuc-
lei of podocytes, endothelial and mesangial cells of the
renal corpuscles (Fig. 3). The fucose-specific LABA
lectin demonstrated a moderate reactivity towards pa-
renchymal elements of the kidney, on which the back-
ground renal corpuscles were completely negative. The
SBA lectin labeled heavily the luminal surface of col-
lecting ducts, whereas the receptors sites for HPA (lec-
tin with similar yet not identical carbohydrate affiniti-
es) were exposed on the luminal surface of the renal tu-
bules of different types. The galactose-specific lectins —
PNA (Fig. 4) and RCA (Fig. 5) — demonstrated a mo-
derate reactivity with the cytoplasmic glycoconjugates
of renal tubule cells, counterstained their luminal surfa-
ce, as well as the nuclei of podocytes, endothelial and
mesangial cells of renal corpuscles. The WGA and SNA
lectins intensely stained the basement membrane of the
renal corpuscles and luminal surface of the renal tubu-
les (Fig. 6).

We revealed an increased LCA and PNA reactivity
of the renal structures in the pttg-KO mice compared to
the wild-type mice with a simultaneous decrease of the
LABA, WGA and SNA labeling. The lectin binding
profile for SBA, HPA and RCA in the experimental ani-
mals did not differ from that in the control ones. The de-
tected redistribution of LCA, PNA, LABA, WGA and
SNA receptor sites was rather quantitative than qualita-
tive: a visual evaluation of intensity of histochemical re-
actions with the grade scale ++ strong, + moderate, —
negative was determined by two independent investiga-
tors. However, since no qualitative changes in the lec-
tin labeling were found, there is no direct evidence for
the influence of the expression products of the pttg-1

gene on processing and exposure of the renal glycocon-
jugates.

Most of the used lectins (LCA, HPA, PNA, RCA,
WGA, SNA) intensely labeled luminal surface of the re-
nal tubules, which apparently indicates the involve-
ment of glycoconjugates with a wide range of the car-
bohydrate determinants in the re-absorption process.
Additionally, WGA, RCA and SNA demonstrated an
intense binding to the basement membrane of the renal
corpuscles, the highest selectivity of binding was cha-
racteristic for WGA. These data are in good correlation
with the results of Hanai et al. [23] and our previous
report concerning the rat kidney [24].

A strong reactivity of WGA, RCA and SNA with
the basement membrane of the renal corpuscles revea-
led in this study, confirmed our earlier observations on
the important role of the sialoglycans and glycopoly-
mers with the terminal DGIcNAc residues in the his-
tophysiology of filtration barrier [24]. In our hands, the
SBA lectin demonstrated rather selective affinity for
the collecting duct cells, which differs from the data of
Hanai et al. [23] who reported about this lectin reac-
tivity also with the brush border of proximal tubules in
murine kidney.

It should be noted that the lectin binding profiles of
the renal structures of BL6/C57 mice one month and one
year of age, showed no difference. This observation ap-
parently indicates that maturation of the carbohydrate
determinants in kidney of this strain of mice is comple-
ted by the 30" postnatal day. During forthcoming ele-
ven months the weight and size of organs increased, but
the profile of carbohydrate determinants remains un-
changed. Our results coincide with the Hanai et al. [23]
data obtained in the ddY mice strain. Interestingly, the
changes of lectin receptor sites in rat kidney continued
at least until the 60th postnatal day [24].

The development and function of urinary system are
closely related to those in other organ systems, therefo-
re the signaling pathways and the partner proteins des-
cribed in testes and other organs can be relevant to the
renal histophysiology. It was demonstrated that the
pttg-1 knockout mice remain viable and maintain ma-
jor vital functions, in particular, decreased but suffici-
ent fertility. The morphology of some internal organs
was changed in these animals, including thymic hyper-
plasia in combination with hypoplasia of spleen and tes-
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a 105
1.5 1
Fig. 2. Urinary space
S area in control (ptg-
g 107 WT) and experimental
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’ cles (a); urinary space
_l_ image (red outline) of
0.0 T T control (b) and experi-

Control Experiment mental (c) mouse

Fig. 3. LCA binding in the kidneys of mice aged 1 month (a, b) and 1 Fig. 4. Localization of PNA receptor sites in renal structures of pttg-
year (c, d): increased reactivity of brush border in renal tubules of pttg- ~ WT (a, ¢) and pttg-KO (b, d) mice aged | month (a, b) and 1 year (c, d):
KO mice (b, d) compared to pttg-WT (a, c¢) animals. Objective 40 x,  increased reactivity of cytoplasmic glycoconjugates in renal tubules of
scale bar 20 um pttg-KO compared to control mice. Objective 40 x, scale bar 20 um

Fig. 5. Accumulation of RCA-reactive glycoconjugates in the brush
border of renal tubules, basement membrane of renal corpuscles: pttg-
WT (a, ¢) and pttg-KO (b, d), animals 1 month (a, b) and 1 year (c, d) of
age. No significant differences between different group animals.
Objective 40 x, scale bar 20 pm

Fig. 6. Selective WGA reactivity with basement membrane of renal
corpuscles, moderate reactivity with brush border of renal tubules. Ani-
mal groups: pttg-WT (a, ¢) and pttg-KO (b, d), 1 month (a, b) and 1
year (¢, d) of age. Objectives 20 x(a, ¢, d) and 40 x(b), scale bar 20 pm
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tes. However, while hypoplasia of spleen and thymic
hyperplasia leveled with age, testicular hypoplasia ag-
gravated during sexual maturation of mice [4]. Based
on these data, a cell-specific effect of the pttg-derived
protein on the proliferative activity was assumed [4].

For all tissues and organs, the actively expressing
pttg gene, intense growth and cell division were cha-
racteristic. A large quantity of the pttg mRNA was
detected in normal cells of adult rat testes and in liver of
rat embryos [1], as well as in most mammalian tumor
cell lines [2]. In malignant tumors of pituitary gland,
the expression of the pttg-1 gene is significantly higher
than in the benign tumors of the same organ. Therefore,
pttg-1 is considered as a proto-oncogene whose ex-
pression is activated in the malignant growth. This im-
pairs the cell signaling pathways responsible for the re-
gulation of the cell cycle, that indicates the transforma-
tion of this gene into an active oncogene.

Apparently, the influence of the pttg-1 gene pro-
duct on the qualitative and quantitative composition of
the carbohydrate determinants of individual cells of or-
gan tissues is indirect. Analysis of the nucleotide sequ-
ence of this gene in mice showed that its promoter site
contains the centers for potential binding of several
transcription factors, including SP-1, AP-4 and c-Myb
[25]. It is known, that SP-1 factor which interacts with
the nucleotide sequences rich in G and C nucleotides, is
involved in regulation of both constitutive, as well as in-
ducible transcription of so-called «house-keeping» ge-
nes, as well as tissue-specific regulation of hormone-
inducible changes in the expression of several genes
[26]. In particular, SP-1 regulates the expression of ge-
nes characteristic for erythroid [27], lymphoid [28] and
monocyte-like [29] cells.

Conclusions. Presented results indicate a potential
role of the pttg-1 gene products in histophysiology of
the urinary system, particularly, in an increased urinary
space of the renal corpuscles, and this phenomenon is
possibly associated with an increased filtration rate of
primary urine. The application of lectins with different
carbohydrate specificity showed an important role and
vast range of glycoconjugates involved in the forma-
tion of both the filtration barrier and in the re-absorp-
tion processes. However, a lack of qualitative changes
of lectin receptor sites in structural components of kid-
ney in the pttg-deficient mice does not provide direct

evidence on the effects of this gene product in proces-
sing and exposure of renal carbohydrate determinants.
Comparison of lectin binding profiles of renal structu-
res of mice aged one month and one year showed no sig-
nificant differences. Apparently, that observation indi-
cate that maturation of carbohydrate determinants in
kidneys of BL6/C57 strain mice is completed by 30"
postnatal day. WGA can be recommended as a selective
histochemical marker of the renal corpuscles, and SBA —
of the renal collecting ducts in mice.
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HoxkayT rena pttg y Muiei CynpoBOKY€TbCS 301IbIICHHIM

CEYOBOT0 NMPOCTOPY HUPKOBUX TiJIELb

0. 10. Bapusona, A. M. fmenko, O. 1. JIyuuk, P. O. Binuii,
C. B. A¢anacees, €. 3. ®insik, P. C. Croiika

Pesrome

Mema. [locrioumu ennueé noxaymy eena pttg-1 na mopgomempuuni
NOKA3HUKU | 8Y2N1e600HI 0emepMIHaAHMU CMPYKMYPHUX KOMNOHEHMIE
nupku muwtei. Memoou. Tecm-06’exmom ciyeysanyu mKaHuHy HUPKU
muweti ninii BL6/C57 3 noxaymom eena pttg-1 (pttg-KO) i muweti ou-
koeo muny (pttg-WT) eixom 1 micaye ma 1 pix. Mopgomempuuni
00CNIONHCEHH. NPOBOOUNU 3d OONOMO20I0 NPOZPAMHUX KOMNIEKCI8
ananizy 30opasxcenv ImagePro Plus ma ImageJ. Byenesooni demep-
MIHAHMU 8UBYANU 3 BUKOPUCIIANHAM HADOPY 3 60CbMU JNEKMUHIE Di3-
HOI' 8yene800HOI cneyuiunocmi, MiYeHUxX nepoKcuodsorn, 3 HACMyn-
Hoto sizyanizayieto diaminobensuounom. Pesynemamu. Bemanogne-
HO, W0 HOKaym zeHa pttg-1 cynposooicyemvcs 30iNbUeHHAM ceyuo-
6020 NPOCMOPY HUPKOBUX mineyb y cepeonbomy na 30 %, niosuwenum
excnounysanuam peyenmopie nekmunie LCA i PNA, a maxooic pedyk-
yicro peyenmopie LABA, WGA i SNA. Bucnoexku. Ompumani pe3yno-
mamu ceiouamo npo 0ilo NPOOYKmYy 2ena pttg na npoyecunz ma eKxcno-
HYBAHHS 2IKONONIMEPIE Y CMPYKMYpPax HUPKU, Wo Modice 6Nnauea- mu
Ha npoyecu yiempaghinempayii nepeuHHoI ceui.

Kniouosi cnosa: degpiyum cena pttg-1, nekmunosa eicmoximisi, Hu-
PKOSI Mminbysl, MOpGHOMempis, Muuli.

HoxkayT rena pttg y Mpliieil COIpOBOKAAETCS yBETUUEHHEM

MOYEBOTO MPOCTPAHCTBA IMTOYEYHBIX TEJICI]

O. 0. BapuBoga, A. M. fmenko, A. /1. Jlynuk, P. A. bumsri,
C. B. A¢anacees, E. 3. dusik, P. C. Croiika

Pestome

Lens. Uccreoosams srusnue nokayma 2ena pttg-1 na mopghomempu-
uecKkue napamempvl U y2ie6o0Hble 0emepMUNAHmbl NOYKU MblUlel.
Memoovt. B xauecmse mecm-o6vexma ucnonb3068anbl MKAHU NOYKU
mouweti iunuu BL6/C57 ¢ nokaymom eena pttg (pttg-KO) u mvreii ou-
ro2o muna (pttg-WT) 6 6ozpacme 1 mecsiy u 1 200. Mopghomempuuec-
Kue ucciedosanust npo8OOULU ¢ HOMOWLIO NPOSPAMMHBIX KOMNIEKCO8
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ananusza uzoopasicenuti ImagePro Plus u ImageJ. Yeneeoonwie demep-
MUHAHMbL BBIAGIANU C UCNONIL308AHUEM HAOOPA U3 BOCLMU JIEKMUHOB
PA3IUYHOU Y2NIeBOOHOU CReYUPDUUHOCTIU, MEYEHHBIX NEPOKCUOA30U, C
nocredyroueli guzyaiusayuei ouamurobenzuourom. Pezynemameot.
Hoxaym eena pttg-1 conpogodcoaemcs yeeauvenuem mouego2o npo-
cmpancmea noueunvlx meney 6 cpeonem na 30 %, éospacmanuem sKc-
nonuposarus peyenmopog nekmunos LCA u PNA, a maxace pedyk-
yueii peyenmopos LABA, WGA u SNA. Bvtgoowt. [lonyuennvie pe3yinb-
mamul c6UOEMenbCMBYIOm 0 OeliCmauu NpoOykma cena pttg-1 na npo-
yeccune U IKCNOHUPOBAHUE 2IUKONOIUMEPOS 8 CIPYKMYPAX NOUYKU,
Mo ModCem GUAMb HA NPOYECchl YIbMpaGuiIbmpayuy nepeutHoll
Mouu.

Knrouesvie crosa: oepuyum eena pttg-1, 1ekmunosas eucmoxu-
Musi, noyeunvle meavyd, MOpHOMEempus, Mluil.
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