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Abstract

Background. Diabetes mellitus (DM) is a multisystem disorder. Type 1 DM can be experimentally induced in rats
with streptozotocin (STZ). Diabetic conditions result in testicular oxidative stress and suppressed male reproduc-
tive activity as well as decreases in both testicular organ weights and subject weights.

Objectives. The purpose of this study was to investigate immunohistochemical differences in testicular tissue due
to STZ induced diabetes regarding pluripotency via transcription factors like Klf4, Sox2, c-Myc and Oct4, and to
determine weight changes in both the subjects and the testes during the experiment.

Material and Methods. Diabetes was induced in male adult rats for this study. A healthy control group and a dia-
betic group were observed for one month. Blood glucose levels over 250 mg/dL were considered diabetic.

Results. On days 0, 3, 15 and 30, the subjects’ weights and testicular organ weights were determined and analy-
zed. The results revealed statistically significant decreases (p < 0.05 and p < 0.001, respectively). Semiquantitative
immunohistochemical analyses of Klf4, Sox2, c-Myc and Oct4 were studied in testes paraffin sections via light
microscopy. Decreased immunoreactivity of KIf4 was observed in the diabetic group in comparison to the controls.
Spermatogonial cells and Sertoli cells showed increased immunostaining for Sox2 and c-Myc, while decreased
immunoreactivity of Oct4 was noted for both spermatogenic and Sertoli cells compared to the control group.
Conclusions. This study clearly demonstrated that KIf4, Sox2 and Oct4 immunopositive cells in adult male rat
testes manifested sustainable pluripotency and that diabetes has dramatically detrimental effects on this trait (Adv
Clin Exp Med 2013, 22, 3, 327-335).
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Streszczenie

Wprowadzenie. Cukrzyca (DM) jest wielonarzadowa choroba. Typ 1 DM mozna doswiadczalnie wywota¢ u szczu-
réw za pomocy streptozotocyny (STZ). Warunki, jakie wywoluje cukrzyca, powoduja stres oksydacyjny jader
i hamujg aktywnos¢ reprodukcyjng osobnikéw pici meskiej, a takze zmniejsza si¢ masa jader i samych osob-
nikéw.

Cel pracy. Zbadanie immunohistochemicznych réznic tkanki jader na skutek cukrzycy wywolanej przez STZ
dotyczacych omnipotencjalnosci za pomocg czynnikéw transkrypeyjnych, takich jak Klf4, Sox2, c-myc i Oct4, oraz
ustalenie zmian masy ciala u badanych osobnikéw i ich jader podczas badania doswiadczalnego.

Material i metody. W tym badaniu cukrzyce wywolano u dorostych samcéw szczurdéw. Grupe kontrolna i badana

* This study was presented in part as a poster at the Advances in Stem Cell Research: Development, Regeneration
and Disease conference at Institut Pasteur, Paris, 2011.
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obserwowano przez miesigc. Jedli stezenie glukozy we krwi byto powyzej 250 mg/dl, osobnika uznawano za chorego
na cukrzyce.

Wyniki. W dniach 0, 3, 15 i 30 zmierzono mase ciala osobnikéw i ich jader. Wyniki wykazaly jej statystycznie
istotne zmniejszenie (p < 0,05 i p < 0,001). Wykonano pétilosciows immunohistochemiczng analize Klf4, Sox2,
c-myc i Oct4 parafinowych wycinkéw tkanki jader za pomocg mikroskopu optycznego. Wykryto zmniejszona
immunoreaktywnos¢ Klf4 w grupie chorych na cukrzyce, w poréwnaniu do grupy kontrolnej. Spermatogonia
i komorki Sertoliego wykazaly zwickszone barwienie immunologiczne dla Sox2 i c-myc, a zmniejszona
immunoreaktywnos$¢ Oct4 zaobserwowano zaréwno dla spermatogonidw, jak i komorek Sertoliego w poréwnaniu
z grupa kontrolng.

Whioski. Badanie to wyraznie pokazalo, ze immunopozytywne komorki Klf4, Sox2 i Oct4 w jadrach dorostych
szczurow wykazuja zréwnowazong omnipotencjalnosé i ze cukrzyca ma znaczaco niekorzystny wptyw na te ceche
(Adv Clin Exp Med 2013, 22, 3, 327-335).

Stowa kluczowe: biatko Klf4, Sox2, czynnik transkrypcyjny c-Myc, biatko Oct4, szczur, jadra, cukrzyca, badanie

doswiadczalne.

Diabetes mellitus (DM) is a multisystemic dis-
order which, in the end, results with serious micro
and macrovascular diseases [1] Type 1 DM can be
induced with streptozotocin (STZ) in rats by de-
creasing insulin receptors on target cells, thereby
inhibiting pancreatic insulin release and tyrosine
kinase activity [2]. Diabetic conditions result in tes-
ticular oxidative stress and suppressed male repro-
ductive activity in experimental animals, which also
exhibit testicular dysfunction as well as decreased
testicular weight, sperm count and sperm motility.
Previous studies about morphological evaluations
of the testes of diabetic rats revealed a decrease in
seminiferous tubule diameter as well as increased
numbers of hollow testicular tubules and apoptotic
germ cell death [1, 3, 4] Other studies, in which
adult tissues were investigated, reported early de-
velopmental markers such as embryonic antigen
and transcription factors being expressed via a pop-
ulation of testicular stem cells [5]. Sun and Liu [6]
have already pointed out: “Induced pluripotent
stem (iPS) cells are a group of pluripotent stem cells
artificially derived from non-pluripotent cells typi-
cally by a forced expression of specific transcription
factors.” This technology offers novel opportunities
for the development of stem cell-based therapies.
Reprogramming mouse fibroblasts to a pluripotent-
like state by viral transfection of four transcription
factors — Oct3/4, Sox2, Klf4 and c-Myc - has been
reported previously [7]. These transcription fac-
tors and their expressions were adopted in order to
generate iPS cells from many types of differentiated
somatic cells [8]. KlIf4 is highly expressed both in
terminally differentiated and undifferentiated pro-
liferating cells. Klf4 contributes to the generation
of induced pluripotent stem cells, and increased
expression of Klf4 has been reported for adult tis-
sues such as skin, colon and testes [9]. KIf4 interacts
directly with Oct4 and Sox2 in iPS cells and embry-
onic stem cells (ESC). Direct interaction of Oct4,
Sox2, and KIf4 indicates that they function through
down-regulation and re-programming [10]. Oct4 is

critical to maintaining the pluripotency of the inner
cell mass (ICM) and the survival of germ cells [11,
12]. Oct4 is also expressed in primordial germ cells
(PGCs) and adult gonads [11, 12]. Sox2 is a High
Mobility Group (HMG) box transcription factor; it
was first identified while screening for genes related
to the sex-determining gene, SRY. Oct4 and Sox2
act together as pluripotency-promoting transcrip-
tion factors and induce differentiation [13]. Addi-
tionally, Myc transcription factor is known to be re-
quired for the successful growth and replication of
all the cell types examined; therefore it is associated
with apoptosis as well [14]. c-Myc has molecular
interactions with Oct4, Sox2 and Klf4, but recently
the role of c-Myc in the identification of iPS cells
and reprogramming is being discussed [15].

In this study, immunostaining of iP$ cell mark-
ers Klf4, Sox2, c-Myc and Oct4 and the potency of
iPS capacity were evaluated in adult controls and in
an experimental diabetic group in this context. The
authors hypothesized that stem cells in the testes
and the pluripotency capacity of these cells probably
play critical roles in diabetes related changes and in
the repair of the injured testes tissue.

Material and Methods

The Animals and the
Experimental Design

The study protocol complies with the Euro-
pean Community guidelines for the use of experi-
mental animals. All the experiments were approved
by the Local Animal Care Ethics Committee at Ege
University. Twenty adult Rattus albinus male rats
weighing 230-350 g were selected for this investi-
gation, and were observed for one month in two
equally distributed groups: Group 1, comprised
of healthy controls, and Group 2, comprised of
diabetic rats. Diabetes was induced by a single in-
traperitoneal injection of streptozotocin (STZ) at



STZ Alters Testicular K1f4, Sox2, c-Myc and Oct4

329

a dosage of 55 mg/kg body weight, dissolved in
0.1 mol/L sodium citrate buffer (pH:4.7). At 24
and 48 hours after administration of STZ, the tail
vein blood glucose level was measured in all ani-
mals. Blood glucose levels of 250 mg/dL and above
were considered diabetic and measured at the end
of the first month. All the rats were weighed be-
fore the commencement of the study (day 0) and
also after the diabetes induction with STZ on day
3, day 15 and day 30. Two rats in Group 2 died
during the experiment. At the end of the observa-
tional and experimental period, the animals were
sacrificed and the testes were removed in order to
determine organ weight alterations in comparison
to the controls.

Histologic
and Immunohistochemical
Procedures

The removed testes were fixed by overnight
immersion in 4% paraformaldehyde (Merck); then
dehydrated, embedded in paraffin and sectioned
via microtome (Leica RM 2145). For the immuno-
histochemical analyses, 5 um-thick sections were
used. In brief, the deparaffinization procedure was
conducted in xylene for one hour. Rehydration
was done in sequential 100%, 95%, 80%, and 70%
alcohol series for two minutes each. After leaving
the sections in distilled water for five minutes, en-
dogenous peroxidase activity was blocked by in-
cubation with 3% H,O, in methanol for 20 minu-
tes. Then the tissues samples were delineated on
object slides with a marker pen (Dakopen, Glos-
trup, Denmark), washed in phosphate buffered
saline (PBS) for ten minutes, and then left in 2%
trypsin (Sigma Chemical Co., St. Louis, Missouri,
USA) in 50 mM Tris buffer (pH 7.5), at 37°C for
15 minutes and washed again with PBS. To reduce
non-specific background staining, the slides were
incubated at room temperature for 30 minutes in
0.3% bovine serum albumin/1x Tris-buffered sali-
ne. The primary antibodies - KIf4 and Oct4 (Ab-
cam), Sox2 (Abnova) and c-Myc (Santa Cruz), all
diluted at 1/300 — were then applied in a humidity
chamber in an incubator at 57°C for one hour. The
sections were washed three times with PBS for fi-
ve minutes each time, followed by incubation with
biotinylated secondary antibody (Histostain plus
peroxidase kit, Zymed Laboratories Inc., South
San Francisco, CA, USA) and then with strepta-
vidin conjugated to horseradish peroxidase in PBS
for 30 minutes each (Santa Cruz Biotechnology,
Santa Cruz CA sc-2053) and 3,3-diaminobenzidi-
ne tetrahydrochloride (DAB). After being washed
with distilled water, the sections were stained with
Mayer’s hematoxylin (Zymed Laboratories) and

the slides were dehydrated, cleared in xylene, and
mounted with entellan. The presence of a brown
precipitate indicated positive findings for the pri-
mary antibodies. The negative control samples
were processed in an identical manner; instead of
primary antibodies, the same type IgGs were used.
All the sections were examined and photographed
with an Olympus C-5050 digital camera. An Olym-
pus BX51 microscope connected to a computer
system running the software-program (Image-Pro
Express, Media-Cybernetics, Inc., Bethesda, MD,
USA) was used for the analysis. The immunoreac-
tivity pattern was evaluated independently by two
investigators. Nuclear immunostaining was scored
for all the primary antibodies. Both investigators,
blind to the group distinctions of the specimens,
obtained at least five images from ten different se-
ctions per animal for each primary antibody. The
preparations were screened systematically using
a random start. Sampling at magnification x100
was started at the top right corner of the prepa-
ration and intensely immune reactive cells were
analyzed. The intensity of Klf4, Sox2, c-Myc and
Oct4 immunohistochemical stainings was graded
semiquantitatively according to the nuclear im-
munoreaction of the spermatogonial series cells,
Sertoli and Leydig cells in testes sections as fol-
lows: (-) no immunostaining, (+) weak staining,
(++) moderate staining, (+++) strong staining.

Statistical Analysis

Alterations in the weights of the subjects on
day 0, day 3, day 15 and day 30 were analyzed in
pairwise comparisons via the Bonferroni test used
in multiple comparisons, and the generated data
were displayed on a general linear model. The
testicular organ weights were statistically compa-
red for both the experimentally-induced diabetes
group and and the control group via univariate
analysis of variance (ANOVA). All hypotheses
were analyzed using SPSS (Statistical Package for
the Social Sciences) software for Windows (versi-
on 17.0), and significance was defined as a P value
of < 0.05.

Results

On day 0, day 3, day 15 and day 30 changes
in the weight of all the subjects were determined.
The testicular organ weights were recorded after
the subjects were sacrificed and statistical compar-
isons were conducted. The statistical analysis of
the subject weights revealed statistically significant
differences in pairwise comparisons (p < 0.05, see
Table 1). The statistical analysis of the rat weights
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Table 1. The multiple comparison analysis of the weight of the subjects on day 0, day 3, day 15 and

day 30 showed a significant decrease (p < 0.05)

Tabela 1. Wielokrotna analiza poréwnawcza masy ciala badanych osobnikéw w dniu 0, 3, 15 i 30

wykazala jej znaczne zmniejszenie (p < 0,05)

(1) Days** Mean Std Error Sig.* 95% Confidence Interval
(J) Days Difference (1-]) for Difference®
lower bound | upper bound
1234 35.625* 7.8749 0.016 6.997 64.253
48.375* 0.264 0.007 14.693 82.057
63.625* 9.519 0.002 29.017 98.233
2134 -35.625% 7.874 0.016 -84.253 -6.997
12.750* 2.684 0.013 2.990 22.510
28.000* 3.756 0.001 14.344 41.656
3124 -48.375* 9.264 0.007 -82.057 -14.693 -
-12.750* 2.684 0.013 -22.510 2.990
15.250* 1.666 0.000 9.191 21.309
4123 -63.625* -28.000*% | 9.519 0.002 -98.233 -29.017 -
-15.250% 3.756 0.001 -41.656 14.344 -
1.666 0.000 -21.309 9.191

Based on estimated marginal means

*. The mean difference is significant at the 0.05 level, a. Adjustment for multiple comparisons:
Bonferroni, **. The days compared to each other are as follows: 1: day 0; 2: day 3; 3: day 15; 4: day 30.

Subject weights

T T T - T
Day 0 Day 3 Day 15 Day 20

Fig. 1. Statistical analysis of the changes in the weights
of the subjects for the diabetic model showed a signifi-
cant decrease on a general linear model (p < 0.05)

Ryc. 1. Analiza statystyczna zmian masy ciala osob-
nikéw na modelu cukrzycy wykazala ich znaczace
zmniejszenie zgodnie z ogdlnym modelem liniowym
(p < 0,05)

showed a significant decrease in the diabetic group
weights on a daily basis (p < 0.05, see Fig. 1). Testes
organ weights were also found to be significantly
decreased for the diabetic group on a daily basis
(p < 0.001, see Fig. 2).

¥

Testes weight
g

L]
-~ .

T T
Diabetes Controls
Groups

Fig. 2. Testicular organ weights compared statistically
for both the experimental induced-diabetes group
and the control group were found to be significantly
decreased for the induced-diabetes group on a daily
basis (p < 0.001)

Ryc. 2. Masa jader poréwnana statystycznie w grupie
z wywotlang cukrzycg i grupie kontrolnej kazdego
dnia byta znaczgco zmniejszona w grupie z wywotang
cukrzycy (p < 0,001)

Comparisons of Klf4, Sox2, c-Myc and Oct4
immunoreactivity were studied in the rat testes sec-
tions from both the control and diabetic groups.
The intensity of immunoreactivity was graded semi-
quantitatively, and the scores are shown in Table 2.
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Table 2. The intensity of immunostaining is grouped into the following categories: — no staining; + weak staining; ++ mod-

erate staining; and +++ strong staining

Tabela 2. Intensywno$¢ wybarwienia podzielono na nastepujace kategorie: — brak barwienia, + slabe barwienie; + + umiar-

kowane barwienie, + + + silne barwienie

Immunostaining Spermatogonia Spermatocytes Spermatids Sertoli cells Leydig cells
(Wybarwienie) (Spermatogonia) | (Spermatocyty) (Spermatydy) (Komorki Serto- | (Komorki Ley-
liego) diga)
Klf4
Control +++ +++ +++ +++ +++
Diabetes + + + + +
Sox2
Control + + .
Diabet +
c-Myc
Control + + + 4+
Diabetes +++ +++ ++ +++ ++
Oct4
Control +++ +++ +++ ++
Diabetes + + ++

Intensity scores: — no staining; + weak staining; ++ moderate staining; +++ strong staining.

The normal histological structure of the testes
was preserved in the cells of spermatogonial series
and the Sertoli and Leydig cells in the control group.
A significant loss of normal morphology for the sper-
matogonial series of the diabetic testes was noted.

KlIf4 Immunostaining

Strong (+++) immunostaining for Klf4 was
observed not only in the cells of the spermatogenic
series, such as spermatogonium, spermatocyte and
spermatid cells, but also in a remarkable number
of Leydig and Sertoli cells in the control group
(Figs. 3A and 3B). Immunostaining for Klf4 for
the diabetic group was significantly decreased in
spermatogenic cells and graded as weak (+) com-
pared to the control group. Weak staining (+) of
Klf4 was also determined in the Leydig and Sertoli
cells of the diabetic group. Additionally, signifi-
cant loss of early spermatids was observed in the
diabetic testes (Figs. 3C and 3D).

Sox2 Immunostaining

While some of the spermatogonial cells and
Sertoli cells showed weak (+) immunostaining for
Sox2, there was no staining (-) in spermatocytes
and spermatids (Figs. 4A and 4B) in the control
group. Sox2 immunostaining in the Leydig cells of
the control group revealed extensive strong (+++)
staining (Fig. 4B). There was no immunostaining
(=) determined either for the whole spermatogo-

Fig. 3. KIf4 immunostaining: KIf4 expression is strongly
observed in spermatogenic cells (spermatogonium - S,
spermatocyte — §, spermatid — spt) and in a remarkable
number of Leydig (L) and Sertoli (Srt) cells in the control
group (A, B). A significant loss of early spermatids was
also observed in the diabetic testes. Klf4 expression is sig-
nificantly decreased and weakly stained in the spermato-
genic cells as well as in the Leydig and Sertoli cells com-
pared with the control group (C, D). Magnification x100

Ryc. 3. Immunowybarwianie Klf4. Silna ekspresja Klf4
jest obserwowana w komorkach spermatogenezy (sper-
matogonium - S, spermatocyt — §, spermatyda — spt)

i w duzej liczbie komorek Leydiga (L) i Sertoliego (Srt)
w grupie kontrolnej (A, B). Znaczng utrate wczesnych
spermatyd zaobserwowano takze w jadrach osobnikéw
chorych na cukrzyce. Ekspresja Klf4 znacznie maleje

i jest stabo zabarwiona w komdrkach spermatogenezy,
a takze w komorkach Leydiga i Sertoliego w poréwna-
niu z grupg kontrolng (C, D). Powigkszenie x100
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Fig. 4. Sox2 immunostaining. While some of the
spermatogonial (S) and Sertoli cells (Srt) showed

weak Sox2 expression, there was no staining in the
spermatocytes ($) and spermatids (spt) in the control
group. Sox2 expression in the Leydig cells (L) also
revealed an extensive strong staining pattern compared
with the diabetic group (A, B). No Sox2 expression was
determined for spermatogonial and Sertoli cells in the
diabetic group (C, D). Magnification x100

Ryc. 4. Immunowybarwianie Sox2. Niektdre z sper-
matogoniow (S) i komorek Sertoliego (Srt) wykazaly
stabg ekspresje Sox2, ale nie bylo barwienia w sper-
matocytach ($) i spermatydach (spt) w grupie kontrol-
nej. Ekspresja Sox2 w komorki Leydiga (L) ujawnito
réwniez szeroki silny wzor barwienia w poréwnaniu

z grupa chorych na cukrzyce (A, B). Brak ekspresji
Sox2 wykazano dla spermatogoniow i komorek
Sertoliego w grupie chorych na cukrzyce (C, D).
Powiekszenie x100

nial series of cells or the Sertoli cells in the diabetic
group (Figs. 4C and 4D). Sox2 immunostaining in
the Leydig cells of the diabetic group was weak (+)
compared to the control group (+++) (Fig. 4D).

c-Myc Immunostaining

Strong (+++) immunostaining was observed
for the spermatogonia, spermatocytes and Sertoli
cells in the diabetic group compared to the con-
trol group (+) (Fig. 5A). There was strong staining
(+++) of the Leydig cells (Fig. 5B) and no stain-
ing (-) in the spermatids of the control group
(Fig. 5A). The spermatogonia, spermatocytes and
Sertoli cells manifested increased immunostain-
ing patterns, which were graded strong (+++) in
the diabetic group (Fig. 5C). The spermatids and
Leydig cells in the diabetic group showed moder-
ate staining (++) compaired to the control group
(Fig. 5D, Table 2).

Oct4 Immunostaining

In the control group, strong immunostaining
(+++) for Oct4 was observed in the spermatogonia,

Fig. 5. c-Myc immunostaining. Weak expression

was observed for the spermatogonial cells (S) and
spermatocytes ($), while, the Leydig cells (L) were
strongly stained (A, B). In addition, the spermatids
(spt) showed no staining (5A). Nevertheless, the sper-
matogonial cells and spermatocytes (§) demonstrated
increased expression (C). The spermatids and Leydig
cells also showed c-Myc expression in the diabetic
group (D). Magnification x100

Ryc. 5. Immunowybarwianie c-Myc. Stabg ekspresje
zaobserwowano dla komorek spermatogoniow (S)

i spermatocytow ($), a komorki Leydiga (L) byly sil-
nie zabarwione (A, B). Ponadto spermatydy (spt)

nie wykazywaly wybarwienia (A). Komorki sper-
matogoniow i spermatocytow (§) wykazaly zwiekszona
ekspresje (C). Spermatydy i komdrki Leydiga wykazaty
réwniez ekspresje c-Myc wyraz w grupie chorych na
cukrzyce (D). Powigkszenie x100

spermatocytes and Sertoli cells, but no immunos-
taining (-) was found in the spermatids (Figs. 6A
and 6B); moderate immunostaining (++) in the
Leydig cells was observed (Fig. 6B). Decreased
Oct4 immunostaining (+) pattern was observed
for the spermatogonia and primer spermatocytes,
while there was no staining (-) for the spermatids
and Sertoli cells (Figs. 6C and 6D). Moderate stain-
ing (++) in the Leydig cells was also determined in
the diabetic group (Fig. 6D).

Discussion

In this study, in vivo expression patterns of the
most common transcriptional factors (KIf4, Sox2,
c-Myc and Oct4) that are in use for the generation
of iPS cells from somatic cells and their possible
effects on induced-diabetes adult rat testes tissue
were investigated [7]. The STZ model, widely used
for many previous experimental observations, was
used for the induction of diabetes in this study [2].
Four-month-old male rats were randomly chosen
due to the fact that spermatogenesis is completed
by 56 days of age, while the testes would continue
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Fig. 6. Oct4 immunostaining. Strong expression was
observed for the spermatogonial cells (S), spermato-
cytes (8) and Sertoli cells (Srt), though the spermatids
(spt) are not stained (A, B). On the other hand, Oct4
expression was also observed in the Leydig cells (L)
(B). Decreased Oct4 expression was observed in the
spermatogonial cells and spermatocytes, although sper-
matids and Sertoli cells were not stained (C, D). The
Leydig cells (L) also showed Oct4 expression in the
diabetic group (D). Magnification x100

Ryc. 6. Inmunowybarwianie Oct4. Silng ekspresje zao-
bserwowano dla komorek spermatogoniow (S), sper-
matocytow ($) i komorek Sertoliego (Srt), cho¢ sper-
matydy (spt) nie zostaly wybarwione (A, B). Z drugiej
strony ekspresje Oct4 zaobserwowano réwniez

w komérkach Leydiga (L) (B). Zmniejszong ekspresje
Oct4 stwierdzono w komérkach spermatogoniow

i spermatocytach, cho¢ spermatydy i komorki
Sertoliego nie zostaly wybarwione (C, D). Komorki
Leydiga (L) wykazaly réwniez ekspresje Oct4 w grupie
chorych na cukrzyce (D). Powigkszenie x100

to grow through 108 days of age [16, 17]. During
the one-month observation period following the
induction of diabetes, the subjects not only showed
lower body weight gain but also a significant de-
crease in testes weights as well, which is concordant
with the previous reports [17, 18]. Some studies
have demonstrated that Klf4 is strongly expressed
in spermatids in mice [19, 20] and in humans [21],
and also expressed in testicular Sertoli cells [31].
While all the cells in the control group testes — inc-
luding spermatogonia, spermatocytes, spermatids,
Sertoli cells and Leydig cells - manifested strong
immunostaining patterns, STZ induction, probab-
ly due to the negative effect of diabetes on cellular
pluripotency, significantly decreased these expres-
sions. It has previously been demonstrated that
Klf4 possibly inhibits Myc-induced apoptosis via
p53 repression [22]. On the other hand, other re-
searchers have argued that Klf4 supressed cellular
proliferation via activation of p21CIP1 [24], while
still other researchers commented that the antip-
roliferative function of Klf4 was most likely inhibi-
ted by c-Myc via supression of p21CIP1 expressi-
on [25]. Many papers have previously emphasized

the importance of a balance between c-Myc and
KIf4 for the generation of iPS cells. The dramatical-
ly increased c-Myc expression levels in this study
for the diabetes group demonstrates a mechanism
that seems to be triggered in order to balance Klf4
accordingly. At the same time, Oct4 is known as
a vital transcription factor for the maintenance of
pluripotency in both embryonic and epiblast stem
cells of mouse embryos [26, 27]. Moreover, a few
studies related to Oct4 expression in adult gonads
have appeared recently reporting post-embryonic
roles for Oct4 in the mature gonads [26].

In the current study, the lack of expression in
the spermatids while the control group showed
strong immunoexpression of Oct4 for all the other
cells of the testes, including the Sertoli and Leydig
cells, can be explained by a loss of pluripotency
during the second meiotic division in spermatoge-
nesis. The most characteristic alterations in Oct4
expression for the diabetic rat group were noted
for the Sertoli cells, where no Oct4 immunoexp-
ression was detected. Considering the Sertoli cell,
its connections with all the cells of the spermato-
genetic series in the testes and its function of sup-
port, the current authors noted that the pluripo-
tency of the Sertoli cells has significantly declined.
The Leydig cells in the diabetes group are the least
affected cell in this study in terms of Oct4 im-
munoexpression. Sox2 is known to be expressed
differentially not only in female and male germi-
nal stem cells, but also in the epiblast, in embr-
yonic stem cells (ESCs) and subsequently in cells
of the neuroepithelium and multipotent neural
stem cells (NSCs). Sox2 has been designated first
in a study during a screen for genes related to the
sex-determining gene, SRY, by the possession of
a high mobility group (HMG)-box DNA-binding
domain [28]. The immunohistochemical analysis
of the same study group described other modes of
action for Sox2 chaperoned by Oct3/4 and Nanog
under the positive regulation of c-Jun N-terminal
kinases1 (JNK), and stronger expression patterns
of Sox2 were reported in female germinal stem cel-
Is compared to the males [28]. In the present study,
immunoexpression of Sox2 was not determined
for the cells of the spermatogenic series (like sper-
matocytes and spermatids) in the control group,
while spermatogonia and Sertoli cells revealed on-
ly low levels of positivity. The marked immuno-
positivity described for the Leydig cells is striking.
However, considering the important roles of the
Leydig cells during steroidogenesis, the authors
propose probable interactions of mitogen-activa-
ted protein kinase (MAPK) pathways and the JNK
cascade, as molecular and functional evidence for
this was noted. Due to the induction of diabetes,
not only did the immunoexpression of the Leydig
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cells fade, but all the other cells in the testes also
lost immunoexpression. Quantification of gene
expression by confocal immunomicroscopy would
provide even more insight into the subject.

Another factor that was investigated in this
study is the transcription factor c-Myc. Its expres-
sion is generally known to be induced by mitogens
and suppressed by growth-inhibitory signals in
normal cells [30]. A ‘Myc’ transcription factor is
crucial for the successful growth and replication
cycle in the cell. For the adaptation, regeneration
and apoptosis of  cell islets, c-Myc is also signi-
ficantly relevant. Furthermore, recent literature
describes the possible contribution of glucotoxi-
city to Myc-induced apoptosis [14, 31] c-Myc pro-
tein is believed to induce histone acetylation natu-
rally [30], so that Oct3/4 and Sox2 would bind to
their specific target loci. In contrast to the expres-
sion patterns of Oct4 and Sox2 in diabetes, c-Myc
demonstrated an increased expression pattern for
the Sertoli cells and spermatids as a consequence
of glucotoxicity.

The authors concluded that this study has
demonstrated an increase in c-Myc immunoexp-
resssion for the diabetic group that revealed dif-
ferences from other markers. This fortifies myc-
induced apoptosis as an expected outcome due to
diabetes. The data that emerged from the study
showed that for both control and diabetic groups

the immunoexpression of Sox2 and Oct4 was in
accord with results reported in previous studies.
Increased expression of Sox2 in the Leydig cells
(among other cells of the testes) designated MAP
kinase and JNK cascades. In addition, the effect of
c-Myec (proliferative) and Klf4 (antiproliferative)
have changed in terms of the balance of apoptosis
and cell cycle in the diabetes group. The decrease
in weight observed in this study was also concor-
dant with previous studies, both for the weight of
the subjects and the testicular weight. This study
clearly demonstrated that KIf4, Sox2 and Oct4 im-
munopositive cells in adult rat testes manifested
sustainable pluripotency. Although the reported
changes could be the consequence of the toxic
agent streptozotocin on the testes tissue, rather
than sustained hyperglycemia, there is a need for
further sophisticated studies with non-toxic ani-
mal models of diabetes such as NOD mice or Aki-
ta mice to test this latter possibility. Furthermore,
more descriptive and informative results can also
be obtained by evaluating human testes specimens
with these markers. The authors’ final conclusion
here is that stem cells in testes and the pluripo-
tency capacity of these cells are critically impaired
during diabetes-related changes, and repair of the
injured testes tissue is delayed. Until proven ot-
herwise, it appears that diabetes has dramatically
detrimental effects on pluripotency.
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