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NORMAL ADULT, AND GLOMERULONEPHRITIC KIDNEYS

Abstract

Introduction: During organogenesis, the number and capacity of
pluripotent stem cells capable of generating all types of kidney cells pro-
gressively decreases, and normal adult kidneys host a few immature mul-
tipotent cells with the capacity of self-regenerating.

Aims: We aimed to compare the expression of Pax-2, Oct-4, genes,
which are responsible for the development and the differentiation of the
embryonic stem cells in fetal, normal adult, and glomerulonephritic kidneys
and compare these with CD133-main stem cell marker expression.

Material and Methods: Immunohistochemical analyses were per-
formed with commercial antibodies against Pax-2, Oct-4 and CDI133 on
formalin-fixed, paraffin embedded tissue samples from 20 fetal kidneys
with different gestational ages, 40 adult and 40 glomerulonephritic kidneys.

Results: The analyses showed a nuclear presence of both markers in
fetal kidney structures, immature blastemic mesenchyme and early glo-
merular and tubular precursors, with decreasing to absent signals in imam-
ture glomeruli, except in parietal cells. A weak Pax-2 signal was also pre-
sent in the parietal cells and in some distal tubules of the adult normal
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kidneys, unlike Oct-4, which was entirely negative. An increased signal of
both markers was observed in the glomerulonephritic kidneys: parietal glo-
merular cells and cellular crescents in cases of extra-capillary glomeru-
lonephritis, and the number of positive atrophic tubules was higher (p<0.05)
than the number of positive cortical tubules in normal adult kidneys. The
interstitial cells in the three groups except rare cells were negative.

Conclusions: The presence of both markers in the immature fetal
kidney points to the pluripotency of the mesenchymal-blastemic cells that
precede the mature cells of all types, some of which undergo the process of
mesenchymal-epithelial transition mediated by Pax-2. Their decreased
expression in adult kidney tissue points to the differentiation and maturity of
the cells that have lost their pluripotency. Since the hyperplastic crescent
lesions are a result of the proliferation of parietal epithelial cells, Pax-2 and
Oct-4 expression in cellular crescents indicates the presence of immature
and undifferentiated cells which proliferate as a result of the impaired
regeneration and differentiation of the damaged tissue. The positivity of the
atrophic tubules can be attributed to the activation of the kidney's own
potential stem cells in the process of defense and protection of its tissue.

Key words: Pax-2 and Oct-4, pluripotent kidney stem cells, glomerulo-
nephritic lesions

Introduction

Traditionally, the kidneys have been considered to consist of stable
cells with minimal capacity for regeneration. However, in the past decades
investigations in this field have shown that the kidneys have a remarkable
capacity for regeneration after damage has been done. This is due to the role
of stem cells which are able to proliferate and differentiate in more than one
terminally differentiated cell type (1, 2). Different authors have different
ideas as to whether only immature structures might have progenitors capa-
city or mature differentiated tissues, in the conditions of injury might be
activated and make use of the capacity of stem cells. Potential stem cells
have been identified in the interstitium of normal adult kidneys (3) and at
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the urinary pole of Bowmann's capsule (4) as well in fetal kidneys (5), and
most of these had the characteristic expression of CD133 and CD24 (6).
However, Oliver et al (2004) discovered that the renal papilla is a niche for
adult kidney stem cells (9).

In our previous study on normal adult renal tissue and renal tissues
with glomerulonephritic lesions we found the expression of CD133 in
parietal epithelial cells. These were also found in rare proximal tubular
epithelial cells and epithelial cells from the collecting ducts and Henle loop
in cases from normal renal tissue as well as a higher expression of CD133 in
the areas of the tubular lesions and interstitial inflammation.

It was postulated that the regeneration processes may recapitulate
parts of the genetic program, which is evident during organogenesis, in
order to reestablish proper tissue function after damage. During organoge-
nesis, embryonal stem cells are the direct progenitors of kidney component
cells, including podocytes, mesangial cells, and tubular epithelial cells, or
via an additional appearance of kidney stem progenitor cells around mature
kidney component cells. According to Saffirstain et al., third and fourth
pathways are possible, including the role of extrarenal stem cells, either
directly to mature kidney component cells or through the kidney stem pro-
genitor cells to mature kidney component cells, including mesangial cells,
podocytes and tubular epithelial cells.

Several genes have been shown to be modulated in response to kid-
ney damage (7). Prominent among them is the expression of the immediate
early genes that code for transcriptional factors that are rapidly and briefly
expressed well before the onset of DNA synthesis. One of these genes is the
transcription factor Pax-2, which is transiently expressed during nephroge-
nesis. This may be part of the genetic cascade leading to kidney regenera-
tion in adulthood after kidney damage. It has been speculated that Pax-2
would show a biphasic expression pattern during kidney development and
disease. M. Imgrund et al. (1999) in the study on experimentally induced
ATN in adult mice, found transient temporally and locally restricted re-
expression of Pax-2 in regenerating proximal tubular epithelial cells follo-
wing kidney damage (8). During regeneration of the adult kidney, Pax-2
may play role by influencing proliferation.
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Gupta et al. in her in vitro and in vivo differentiation of multipotent
renal progenitor cells (MRPC-s) by ischemia-reperfusion experiment, found
these cells expressed vimentin, CD90, Pax-2 and Oct-4, but not cyto-
keratin, MHC class I and II and other markers of more differentiated cells.
The authors proposed that MRPC participate in the regenerative response of
the kidney to acute injury. Oct-4 is required to prevent trophectodermal
differentiation and, with the process of transcriptional repression, Oct-4,
together with Nanog and Sox-2, are the key controllers of human embryonal
stem cell pluripotency.

Data from the literature are mostly based on experimental animal
models of embryonic tissues as well as in cell cultures. There are few data
points for the studies done on human biopsy material, surgical, or autopsy
material from fetal tissues.

The purpose of this study was to determine the expression of Pax-2
and Oct-4 genes responsible for the development and differentiation of
embryonic stem cells in human fetal kidneys and to compare the results with
the expression of Pax-2 and Oct-4 genes in in normal adult and glomeru-
lonephritic kidneys. The final aim was to test the hypothesis that kidney
stem cells exist in adult kidneys and that they participate in the processes of
tissue reparation in damaged kidney tissue.

Material and Methods

The study included /00 cases divided in three groups: (1) twenty
fetal kidneys (FKs) received from autopsy archive material, (2) forty sur-
gically extracted adult kidneys (Aks) due to diagnosed renal cell carcinoma,
(3) forty renal biopsies taken in routine diagnostic procedures for glome-
rular disease (GD).

Tissue specimens from all cases from the three groups were fixed in
10% buffered formalin for 24 hours and paraffin embedded. Prepared paraf-
fin sections were histochemically stained with H&E, PAS, PASM-Jones,
and Trichrome Mason. Immunohistochemical analysis was done via the PT
LINK immunoperoxidase technique for the following antibodies: Pax-2,
Zymed, USA Polyclonal, 1:50, with nuclear staining in positive control cells
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from Renal Cell Carcinoma; Oct-4, Santa Cruz, USA Polyclonal, 1:50, with
nuclear staining in positive control cells in bone marrow, and CD133,
Miltenyi, MoAC133, 1:11, with cytoplasmic staining in positive stem cells
from bone marrow. The slides were then analyzed on a NICON Eclipse
2000 microscope, and the results were photographically documented.

The results have been statistically analyzed with Statistica 7.0,
StatSoft Inc. software for descriptive and (non) parametric analyses.

Results

In the study of the first group, specimens from 20 fetal kidneys with
a gestational age between 14™ and 24™ week were analyzed. In the second
group, specimens from 40 surgically extracted adult kidneys (Aks) due to
renal cell carcinoma, were analyzed. The mean age of the group was 59.4
years (minimum 34 years and maximum 79 years, and SD=8.4). In the third
group, 40 renal biopsies taken in routine diagnostic procedures for glome-
rular disease were analyzed. The mean age of the group was 44.5years
(minimum 21 years and maximum 73 years, SD=14.4).

Analysis for the Pax-2 expression in fetal kidneys revealed strong
nuclear positivity in the S&comma shaped bodies from the 14" to the 24"
gestational week, moderate positivity in the fetal glomeruli especially in the
parietal epithelial cells in the 14th to the 16™ gestational week and tubuli. In
the medulla we found positivity in the cells from the collecting duct, Henle
loop cells, and cells from the urothelial bud (Figure 1 A, B, C). Staining for
Oct-4 in the fetal kidney specimens showed strong nuclear expression in the
immature renal mesenchymal blastema, S&comma shaped bodies, parietal
epithelial cells, tubuli and ureteral buds (Figure 1D). Immunohistochemical
analysis for CD133 revealed positivity in the parietal cells of the immature
glomeruli and rare cells in the proximal and distal tubuli, ureteral buds, and
Henle loop cells. What is peculiar about this study is the finding of Oct-4
expression in rare podocytes of immature glomeruli and rare cells in the blood
vessels of the fetal kidneys, as well as the low level of re-expression in GNKs.
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Figure 1 — (A) and (B) Pax-2 nuclear positivity in S & comma shaped bodies, positive
parietal epithelial cells, and tubular epithelial cells; (C) Pax-2 positive epithelial cells in
collecting ducts and urothelial bud; (D) Oct-4 nuclear positivity in renal mesenchymal
blastema, S & comma shaped bodies and tubuli. (NIKON Eclipse 2000)

In the second group of adult mature kidney tissue, moderate Pax-2
positivity was found in the parietal cells of the glomeruli, collecting duct
cells, and some of the distal tubules while Oct-4, was not present in any
adult normal kidney structure (Figure 2A, B). Staining for CD133 revealed
positivity in the parietal epithelial cells of the mature glomeruli and there was
luminal positivity in the proximal tubuli and the cells of the Henle loop (Figure
2C, D and Table 1). In table 1 one can see that there is overlapping in the
expression of CD133 with Pax-2 in parietal epithelial cells of the glomeruli,
tubular epithelial cells, as well in the epithelial cells of the collecting duct.
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Figure 2 — (A) and (B) Pax-2 nuclear positivity in the parietal epithelial cells and epithelial

cells of the collecting duct in adult kidney tissue; (C) and (D) CD133 expression in the parietal
epithelial cells of mature glomeruli and tubular epithelial cells (NIKON Eclipse 2000).

Table 1
Expression of Pax-2 and Oct-4 in adult kidneys in relation with CD133 expression

Expression of Pax-2 and Oct-4 in AKs AKs
Cortex Medulla

CD133 Parietal cells Proximal / +Collecting
*Henle loop

Pax-2 Parietal cells Distal / + Collecting

Oct-4 / / / /

The third group consisted of tissues from 20 cases with diagnosed
primary glomerular disease. Ten cases (25%) had mesangial glomeruloneph-
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ritis, 9 cases (22,5%) had membranous glomerulopathy, 7 cases (17%) had IgA
nephropathy, 8 cases (20%) had extracapillary glomerulonephritis, 4 cases
(10%) had focal segmental glomerulosclerosis, and 2 cases (5%) had mesan-
gioproliferative glomerulonephritis. The analysis of the results revealed a
nuclear expression of Pax-2 similar to the expression in normal kidney
specimens, i.e. expression in the parietal epithelial cells of the Bowman cap-
sule, which was especially strong in the epithelial crescents of the extraca-
pillary glomerulonephritis (Figure 3A). We also found positive expression
in the areas of atrophic tubuli. Interestingly, the number of positive atrophic
tubules was higher (p<0.05) than the number of positive cortical tubules in
normal adult kidneys (Figure 3B). Higher level of expression has been found in
the epithelial cells of collecting ducts. The interstitial cells were negative.

Figure 3 — (A) Pax-2 nuclear positivity in parietal epithelial crescents; (B) Pax-2 nuclear
positivity in atrophic tubular epithelial cells; (C) Oct-4 nuclear positivity in parietal
epithelial crescents (D) Oct-4 nuclear expression in atrophic tubular epithelial cells.

(NIKON Eclipse 2000)
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Cases with extracapillary glomerulonephritis and focal segmental
glomerulosclerosis showed the strongest expression compared to other forms
of glomerular lesions (p<0.05). This was confirmed via a strong correlation
between the Pax-2 expression in tubular epithelial cells and interstitial
fibrosis (Figure 4A). When we compared the level of expression in different
forms of glomerular lesions and the control group, we found a significantly
higher expression of Pax-2 positive tubuli between each of the entities and
the control group (Figure 4B). One could speculate that this might be on
account of a more extensive degree of damage of the glomeruli and the
tubulointerstitial tissue in these forms of glomerulonephritic lesions.

Similar results were obtained when staining the specimens with Oct-
4 (Figure 3C, D). We found a strong expression of Oct-4 in the epithelial
crescents of the extracapillary glomerulonephritis, atrophic tubuli, and a
small number of collecting duct cells. We also found low level of re-
expression in glomerulonephritic kidneys in this group.
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Figure 4 — (A) and (B) Pax-2 nuclear positivity in S & comma shaped bodies, positive

parietal epithelial cells and tubular epithelial cells; (C) Pax-2 positive epithelial cells in

collecting ducts and urothelial bud; (D) Oct-4 nuclear positivity in renal mesenchymal
blastema, S & comma shaped bodies and tubuli.

CD133 expression in the glomerulonephritic group was found to be
increased in the tubular epithelial cells in glomerulonephritic kidneys. Rare
interstitial cells were also positive for CD133. We found a positive
correlation between the Pax-2 and CD133 expression in the areas of
atrophic tubuli (Figure 4C).

Table 2 displays the results from the comparative expression of Pax-

2 and Oct-4 in the cortical and medullary tissue of glomerulonephritic

lesions in relation to the expression of CD133 as the main stem cell marker.

There is a strong overlap in the expression of Pax-2 and Oct-4 in the

glomeruli and tubular compartments with partial overlapping with CD133
expression.
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Table 2
Comparative expression of Pax-2 and Oct-4 in the cortical and medullary tissue of
glomerulonephritic lesions in relation to the expression of CD133 as main stem cell marker.

Comparative expression of Pax-2 and Oct4 in GNK -
Cortex Medulla

Glomeruli Tubules Interstitium

CD133 Parietal cells / +++ + * Collecting

Negative crescents (apico-lateral) ducts

= Henle loop

Pax2 Parietal cells / +++ / = Collecting

Positive crescents (nuclear) ducts
Oct-4 Parietal cells / R / * Collecting

Positive crescents (nuclear) ducts

Discussion

We have presented a study on the expression of two transcriptional
genes, Pax-2 and Oct-4, in kidney tissue from glomerulonephritic lesions
and compared these with the expression of such genes in fetal kidneys and
adult mature kidney tissue, having normal control groups of different ages.
These results were compared with the expression of CD133, since it has
been demonstrated the presence of CD133+ cells in a normal adult human
kidney, which expressed Pax-2, is otherwise defined as an embryonic renal
marker, suggesting their renal origin (3, 4, 5). These cells may respond to
local environmental stimulation, with differentiation into endothelial or
epithelial tubular cells, both in vitro and in vivo. The discovery of pluri-
potent bone marrow-derived stem cells has raised the possibility that the
stemness of the kidney tissue could be due to bone marrow derived stem
cells, and there is a need to re-examine the cellular source further in the
future (1, 5, 6). In our study, we showed the presence of cells that express
activity of two immature transcriptional genes in both localizations —
parietal epithelial cells as well in the cells of collecting ducts and ureteral
epithelium. These results allow for the presence of at least two localizations
in the kidney for cells with stemness capability — glomeruli and renal papilla.
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During early embryogenesis, Oct-4 is a master transcriptional regu-
latory gene, and the presence of both markers in the immature fetal kidney
structures points to the pluripotency of the mesenchymal blastemic cells that
precede the mature cells of all types. Some of these cells undergo the pro-
cess of mesenchymal-epithelial transition mediated by Pax-2. Their decree-
sed expression in adult kidney tissue points to the differentiation and matu-
rity of the cells that have lost their pluripotency. Since hyperplastic crescent
lesions are the result of proliferation of parietal epithelial cells, the presence
of Pax-2 and Oct-4 in cellular crescents indicates that they are composed of
immature and undifferentiated cells that proliferate as a result of impaired
regeneration and differentiation of the damaged parietal epithelial cells.
Another optional hypothesis is that the damaged parietal epithelial cells under-
went a process of dedifferentiation with re-expression of immature trans-
criptional genes Pax-2 and Oct-2. The positivity of the atrophic tubules can also
be attributed to the activation of the kidney's own resources, potential stem cells
in the process of defense, and protection of its tissue. This ability of re-expres-
sion of immature transcriptional genes in the parietal epithelial cells, as well in
some of tubular epithelial cells of damaged renal tissue, suggests their potential
in the treatment of kidney damage.

Conclusions

Re-expression of Pax-2 and Oct-4 in the hyperplastic crescent
lesions, which are result of proliferation of parietal epithelial cells, indicates
that they are composed of immature and undifferentiated cells that pro-
liferate as a result of impaired regeneration and differentiation of the dama-
ged parietal epithelial cells.

The positivity of the atrophic tubules can also be attributed to the
activation of the kidney's own resources, potential stem cells in the process
of defense, and protection of its tissue in the process of epithelial mesen-
chymal transformation.

The findings of Oct-4 expression in rare podocytes of immature
glomeruli and rare cells in the blood vessels of the fetal kidneys, as well as its
low level of re-expression in GNKs displays that some bone marrow stem cells
might also play a role in the process of regeneration of damaged kidney tissue.
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l'opnana IIETPYIIEBCKA, Cnasuua KOCTAIMHOBA-KYHOBCKA,
JlamucnaBa I'PYEBCKA, Momup [TOJIEHAKOBUK

KOMITAPATUBHA EKCIIPECUJA HA PAX-2 1 OCT-4
KAJ ®ETAJIHU, HOPMAJIHM 3PEJIN
N T'JIOMEPYJIOHE®PUTUYHU BYBPE3U

AOcTpakT

3a BpeMe Ha opraHoreHesara, OpojoT M KamalUTeTOT Ha IUTypPHIIO-
TEHTUTE MATUYHU KIJIETKH CIIOCOOHHU Jla TM MPOJYyIHMpaaT CUTE BUIOBU Ha
KJIETKH TIPOTPECUBHO C€ HaMajyBa, U HOPMAIHUTE 3peiu OyOpe3u compxar
MaJIKy He3ped MYJATUIIOTEHTHH KJIETKH CO Kalall|TeT 3a caMO-pereHeparyja.

Hamara nen Geme na ce cropenu ekcrpecujara Ha Pax-2 u Oct-4,
TeHU KOU Cc€ OATOBOPHU 3a Pa3BOjoT U AudepeHIHjalujata Ha eMOpruoHa-
HUTEe MATUYHU KICTKH Ka] (DeTaTHH, HOPMAJTHU 3pEIH W TIIOMEpYJIOHE]-
puTHYHU OyOpe3u | Ja ce CIIOpeaaT co eKCIpecujara Ha TJIaBHUOT MapKep
Ha MatuyHu kinetku CD133.

Hue nHampaBuBME MMYHOXHCTOXEMHCKA aHAIM3a CO KOMEpIIUjaIHU
antutena 3a Pax-2, Oct-4 u CD133 na ¢opmanun ¢ukcupanu u napadux
BKJIOTICHH TKUBHU mipumeponu o1 20 deramHu OyOpe3n co pa3anyHa recTa-
ucka ctapoct, 40 3penu u 40 rmomepynoHepputudau 6yopesu.

Amnanm3ara mokaxka jaJpeHo MPHCYCTBO Ha JBaTa Mapkepu Bo (e-
TaJHUTE OYyOpEXKHH CTPYKTYPH, HE3PEIHOT OIACTEMCKH ME3EHXHM H PAaHUTE
TJIOMEpYNIapHU U TyOyJIapHU MPEKyp30pH, CO HAMAITyBamke 10 OTCYCTBO Ha
CHTHAJIOT BO HE3PENU TIIOMEPYIH, OCBEH BO TapueTatHuTe KieTku. Ciad
Pax-2 curnan Oemie MpUCYTEH MCTO Taka BO MApPUETATHUTE KIETKH U BO
HEKOW JMCTAHU TYOYJIM Ha 3pesid HOpMaidHu O0yOpesu, 3a paznuka on Oct-
4, xoj Oemie HEraTMBEH BO IEJIOCT. 3TOJIEMEH CHUTHAI 3a JBaTa MapKepu
Oele HajaeH Kaj riiomepyloHedputuuHu OyOpesu: HmapueTaIHu IIoMepy-
JapHU KIETKU W KJIETOYHM KPECUEHIIM U BO CIIyYauTe CO EKCTpaKammiIapeH
riioMepysioneppuTuc, a OpojoT Ha MO3UTUBHU aTpoPpUyUHM TyOynu Oerie mo-
BUCOK (p<0,05) o1 Op0joT Ha MO3UTHBHUTE KOPTUKAIHU TYOYJIH BO HOpMAJI-
HUTEe 3penu OyOpesu. MHTepcTUlMjaqHUTE KIETKH BO TPUTE TPYIU OCBEH
PETKH KIIeTKH Oea HeraTUBHH.
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[MpucycTBOoTO Ha JMBaTa Mapkepu BO UMATYpHHU (eranHu Oyopesn
YKaXyBa Ha IUTYPUIIOTEHTHOCT HA ME3CHXMMAITHUTE-0JIACTEMCKU KIICTKH
KOM TIPETXOJaT Ha 3pEIUTe KIETKH O]l CUTE BHJOBH, OJ] KOM HEKOHM MOJJIe-
KaT Ha IpOIleC HAa ME3CHXMMAIHA-CMUTEHA TPaH3UIIMja MOCpeayBaHa CO
Pax-2. HuBHaTa HamaieHa excnpecuja Kaj MaTypHUTE 3peiu OyOpe3u yka-
’KyBa Ha qudepeHnyrjanyja u 3peemhe Ha KICTKUTE KOU ja U3TryOuie HUBHATa
TUTYpPUTIOTEHTHOCT. BUIEjKN XUMEepIUIacTUYHUTE KPECIICHTHU JIE3UU CE pe-
3yATaT Ha mpoiudepanyja Ha MapUeTATHUTE CMUTEITHU KIeTKH, Pax-2 u
Oct-4 excrpecujaTa BO KJICTOUYHHTE KPECLUEHLM HWHAWIMPA MPUCYCTBO Ha
UMaTypHU U HequdepeHInpaHu KISTKH KO mpoiudepupaar Kako pe3yarat
Ha OIITEeTEeHA pereHepanuja u audepeHiyjaiyja Ha omTeTeHoTo TKUBO. [1o-
3UTHBHOCTA Ha aTpo(uuHUTE TyOYyTH MOXKE Jia C€ MPUIHIIE HAa aKTHBALM]ja
Ha OyOpeXHUTE COTICTBEHHU TTOTEHIIMjATHH MaTUYHH KJIETKH BO MTPOIIECOT Ha
oJ0paHa 1 3alITUTa Ha TKUBOTO.

Kayunu 300poBu: Pax-2 u Oct-4, miypunoTreHTHH OyOpeKHM MaTUYHU
KJIETKH, TIIOMEPYIOHE(PPUTHIHH JIC3UH
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