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Abstract
In kidney of spontaneously hypertensive rats in early postnatal ontogenesis, we studied the changes

in the expression of NAP-22 quantitatively predominant protein kinase C substrate mRNA, which
served us as an indicator of the severity of disruption in cell apparatus. Exogenous calcium deficiency
increased the expression of NAP-22 mRNA. Based on the changes in the expression level of this pro-
tein, it can be resumed that disorders of kidney function precede the formation of lasting hypertension
in the animals.
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Pesrome

Heab uccaenopanus. M3yunte nzmenenus yposHs skcrpeccun MPHK NAP-22 B noukax kpbic
CO CIIOHTAHHOM TMIEPTEH3UEN B pa3IMYHbIE MEPHUO/BI PAHHETO IMOCTHATAJIBHOIO OHTOTE€HE3a U OLe-
HUTh UX 3aBUCUMOCTbH OT YPOBHS IOCTYIUIEHMSI B OPTaHM3M DK30I€HHOro Kanbuus. MarepuaJbl U
MmeToabl. B pabote ucnonbsizoanu kpsic inHuit SHR u WKY B Bozpacre 5, 13, 18 u 30 nueit. YpoBeHb
MPHK NAP-22 onpeznensuin B KOpKOBOM M MO3TOBOM CJIOSIX ITOYEK METOJIOM IOJIMMEPA3ZHOM LETHON
peakuuu B peanbHOM BpeMeHu. PesyabTarsl. B nepuon, npeamectByomuii popMHUPOBaAHUIO CTOMKOMN
apTeprajbHOM TUIIEPTEH3HUH, y KpbIC JIMHUM SHR npu 10CTaTOYHOM IOCTYIUIEHWH KaJIbLIMS B Opra-
HU3M ypoBeHb skcnpeccun MPHK NAP-22 B noukax ObL1 HIKE, YEM Y HOPMOTEH3UBHBIX KpbIc. [1pu
neduuTe NOCTYNAlOIIEro KalbIuUs y KPbIC CO CIIOHTAaHHOW runepreH3uei yposeHs sxcnpeccun MPHK
NAP-22 cymecTBeHHO NOBBIIIAJICS MO CPABHEHUIO ¢ HOpMOTEeH3UBHBIMU WKY, y KOTOpPBIX ypOBEHb
skcripeccu MPHK NAP-22 3naunmo cumxkancs. BeiBoabl. [Ipu nedunure 5K30reHHOro Kayiblius y
CIIOHTAHHO MIEPTEH3MBHBIX KPbIC HAPYIIAETCs paboTa KJIETOYHOIO arnrapara KOpKOBOT'O CJ10s1 MOYEK,
0 YeM MOYKHO CYJIUTh 110 KOMIIEHCATOPHOMY yBennueHuto ypoBHs skcnpeccun MPHK NAP-22. VBe-
mnuenue sxcnpeccun MPHK NAP-22 y kpsic SHR 6onee BoipaskenHoe, yem y WKY, MokHO cBsi3aTh
C aKTUBALMEH BHYTPUKJIETOYHBIX KAJIbIIMII-3aBUCUMBIX KaCKaJI0B €II€ 3a0JIT0 10 YCTOMYNBOIO MOBbI-

ICHUA apTCPUAJIBHOT'O JJaBJICHUS.

KioueBble cj10Ba: CIOHTaHHAS TUTIEPTEH3US, TOYKH, NE(OUIIAT SK30TEHHOTO Kasibiins, 0emok NAP-

22, kpbickl TuHUM SHR, oHTOrEHE3.

Cmamus nocmynuna 8 peoaxkyuto 26.06.14 u npunama x neuamu 20.07.14.

Introduction

Pathogenesis of hypertension (HTN) and
related diseases in exogenous calcium deficiency
seems an unsolvable problem if there is lack
of understanding of the molecular mechanisms
of Ca2+ homeostasis inside target organ cells
(myocardium, kidneys and brain). Previously,
we have shown [1] an increase in the level of
NAP-22 protein (in aggregated and unaggregated
forms) in neurons of telencephalon at early stages
of ontogenesis in spontaneously hypertensive
rats with genetically determined disorders
of intracellular calcium homeostasis.

NAP-22 is an universal regulator protein,
one of the main targets of protein kinase C
that is a calcium-dependent enzyme, responsible
for phosphorylation of proteins, involved in
transmission of cellular signals. In particular,
NAP-22 is found in kidneys, and kidney functional
disorders can change its metabolism [2]. In this
regard, studying kidney NAP-22 at early stages
of ontogenesis in spontaneously hypertensive
rats might contribute to the better understanding
of HTN pathogenesis and the role of exogenous
calcium.
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Whether the leading mechanism of HTN is
the violation of glomerular perfusion, or intracellular
processes in podocytes and glomerular smooth
muscle cells (SMC) of the renal arteries, is not clear.
To answer this question, the level of mitochondrial
ribonucleic acid (mRNA) encoding NAP-22
protein was assessed in the cortical and medullar
kidney layers in early postnatal ontogenesis (in
age 5, 13, 18, 30 days before the development of
resistant HTN).

NAP-22 protein is associated with the
cytoskeleton [2], located in nucleus in kidney
tissues; its cellular localization and expression
may depend on the cell type [3]. Wilms-tumor
suppressor protein WT1 frequently mutates in
childhood renal tumors [4]; it can interact with
protein NAP-22, which in this case functions as
a transcriptional WTI co-suppressor [3]. Both
proteins are found in podocytes, and level of
mRNA NAP-22 expression may serve an indicator
of pathological changes in kidneys, including
those, associated with vascular tone [1].

Calcium intake plays an important role in
spontaneous HTN formation in SHR rats [6].
Therefore, we evaluated expression dynamics
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of mRNA NAP-22 both in normal and reduced
calcium consumption.

Design and methods

The study was conducted on SHR rats and
normotensive rats (WKY) of 5, 13, 18 and
30 days old of both genders. Animals were
divided into two groups. Three generations of the
animals form the first group received water with
normal Ca level (80 mg/l) (recommendations
of the World Health Organization). The second
group received low-Ca-mineralized water
(8 mg/l). Solid food contained daily dose of
calcium in both groups.

The expression of mRNA NAP-22 was
measured in the cortical and medullar kidney
layers in both rat lines. Animals were kept in one
cage with mother with free access to food and
water. Twelve hour photoperiod was set.

In the third generation in both groups 5 rats
at 5, 13, 18 and 30 days were taken for studies.
The study was performed according to Helsinki
Declaration (2008).

Kidney fragments were used for the extraction
of total mMRNA (Quick-RNA ™ MiniPrep Kit,
Zymo Research). Reverse transcription was
carried out using «Reverte» reagents. Real-time
polymerase chain reaction (PCR) and termostating
were performed using amplificator ANC-32
(Institute of Analytical Instrumentation). NAP-22

Figure 1. mRNA NAP-22 expression
in medullar and cortical layers (group 1)
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primers sequences and fluorescent probes (JSC
«Syntol», Russia) were used. B-actin gene was
used for internal control. The difference in mRNA
NAP-22 expression was evaluated by Wilcoxon-
Mann-Whitney test. Differences were considered
significant, if the probability exceeded 95% (n =
12, U=1).

Results

In SHR rats aged 13 days, with normal
calcium intake (the first group) (Fig. 1A), the
level of mRNA NAP-22 expression increased in
the cortex and in the medullar kidney layers. At
the age of 18 days mRNA NAP-22 expression in
the medullar layer was significantly lower than in
the cortex, and on the 30th day it was lower than
on the 5th day after birth. In WKY rats (Fig. 1B)
mRNA NAP-22 expression in both layers varied
similarly with SHR, but was significantly higher
(p <0.05).

In animals with calcium deficiency (second
group), interline ratio of mMRNA NAP-22 expression
changed dramatically: in SHR rats (Fig. 2A)
expression in both layers was significantly higher,
and in WKY rats expression (Fig. 2B) was lower
than in the first rat group (Fig. 1).

In SHR rats, number of mRNA NAP-22 copies
was significantly (p <0.05) higher in cortical layer
(Fig. 3A). In WKY rats (Fig. 3B) this difference
was not detected.

Figure 2. mnRNA NAP-22 expression
in medullar and cortical layers (group 2)
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Note: SHR (A) and WKY (b) rats of different ages.
Grey column — cortical layer, black column — medullar
layer. Each column represents average (M+m) result of
6 animals.

Note: SHR (A) and WKY (b) rats of different ages.
Grey column — cortical layer, black column — medullar
layer. Each column represents average (M=+m) result of
6 animals.
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Figure 3. Number of mRNA NAP-22 copies in medullar and cortical layers
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Note: SHR (A) and WKY (b) rats 13 and 18 days old. Axis of abscises shows numbers of PCR threshold cycles. Axis

of ordinates shows signal intensity (ID).

Therefore, in ontogenesis, interline differences in
mRNA NAP-22 expression in rat kidney structures
were revealed. In normotensive rats with normal
calcium intake, expression was higher than in SHR
rats up to 30th day, and then it decreased.

Discussion

There might exist compensatory mechanisms in
normotensive rats normalizing cytoplasm calcium
levels, for example effective work of sodium-
calcium adenosinetriphosphatase (ATPase)
[7]. In this case, temporal increase in protein
kinase C (PKC)-mediated pathway activity may
occur leading to the changes in mRNA NAP-22
expression.

In case of exogenous calcium deficiency, there is
a dramatic change: in spontaneously hypertensive
rats mMRNA NAP-22 expression increases, while in
WKY rats, on the contrary, it goes down.

In SHR rats this can be explained by genetically
determined calcium channels abnormalities in
kidney cells [8, 9] and reduced ATPase activity [7].
In normotensive rats the same calcium deficit may
reduce PKC-dependent cascades and intracellular
signaling that, respectively, reduces mRNA
NAP-22 expression.

Therefore, changes inmRNANAP-22 expression
with different calcium intake may indicate a degree
of calcium metabolic disorders in kidney cells.
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Conclusions

1. Genetic calcium metabolic disorders in
association with decreased Ca2+ intake cause
cell dysfunction in kidney cortical layer. This is
reflected by compensatory increase in mRNA
NAP-22 expression.

2. An increase in mRNA NAP-22 expression
can be attributed to the intracellular calcium-
dependent cascade activation. In SHR rats, this
reaction depends more on calcium intake, and
develops long before sustained improvement in
arterial vascular tone.

The role of circulating volume, filtration
and reabsorbtion in HTN pathogenesis needs
further investigation. In accordance with our
results, they appear long before changes in vascular
SMC.
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