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ABSTRACT

Persistent hyperglycemia resulting from diabetes mellitus causes microvascular lesions and long-term diabetic
complications, such as nephropathy.

The aim of the study was to analyze the levels of insulin-like growth factors (IGFs), their carrier proteins (IGFBP),
and markers of kidney tissue damage (IL-18, L-FABP, cystatin C, NGAL, and KIM-1) in male rats with diabetes
mellitus, tumor growth, and their combination.

Materials and methods. The study included white outbred male rats (n = 32) weighing 180-220 g. The animals
were divided into four groups (n = 8 each): group 1 — intact animals; controls (2) — animals with diabetes mellitus;
controls (3) — animals with Guerin carcinoma; experimental group (4) — animals with Guerin carcinoma against the
background of diabetes mellitus. Levels of IGF-1, IGF-2, IGFBP-1, IGFBP-2 and markers of acute kidney injury
(IL-18, L-FABP, cystatin C, NGAL, and KIM-1) were determined in the kidney homogenates using enzyme-linked
immunosorbent assay.

Results. Increased levels of acute kidney injury markers were found in the kidneys of male rats with diabetes
mellitus alone and in combination with Guerin carcinoma. In the animals with diabetes mellitus, the levels of
IGF-1, IGFBP-1, and IGFBP-2 were decreased on average by 1.3 times, and the level of IGF-2 was increased by
2.1 times compared with the values in the intact male rats. The elevation of IGF-2 / IGF-1 on average by 2.8 times
indicated increasing hypoglycemia in the kidney tissue of the animals with diabetes mellitus and in the experimental
group with diabetes mellitus and Guerin carcinoma. In the kidney tissues of the rats with Guerin carcinoma, IGF-1
and IGF-2 were elevated on average by 1.5 times, and IGFBP-2 was decreased by 1.7 times. In the animals with
malignant tumors growing against the background of diabetes mellitus, IGF-2 and IGFBP-1 were increased by 2.3
and 1.7 times, respectively, and the levels of IGF-1 and IGFBP-2 were similar to those in the intact animals.

Conclusion. The study demonstrated abnormalities in the metabolic profile of the kidneys in male rats with
experimental diabetes mellitus, Guerin carcinoma, and their combination.
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NHcynnHonogo6Hble paKkTOpbl pocTa 1 NX 6eNKn-nepeHoCcHnKn
B MOYKAX KPbIC NPy 3KCNepuMeHTaNbHOM anaberte,
3/10KaYyeCTBEHHOM POCTEe M MX COYeTaHUN

OpaHuymaHy E.M., bavgoskuHa B.A., Kannuesa U.B., Cypukosa E.lU., Hecky6una U.B.,
Moropenosa [0.A., Tpenutaku J1.K., Yepapuua H.[l., Kotnesa .M., Mopo3sosa M.U.

Hayuonanvuwiii meduyunckuil uccredosamenvckuil yenmp (HMUL]) onxonozuu
Poccus, 344037, e. Pocmos-na-/{ony, ya. 14-sa Jlunus, 63

PE3IOME

YcroitunBas TUIICPTIIMKEMHUA B PE3YJIbTATE CaXapHOI'0 nnaﬁe’ra BbI3BIBACT IMOBPCIKACHUE MUKPOCOCYIOB H
JOJTOCPOYHBIC ,I(I/Ia6eTI/I‘{eCKI/Ie OCJIO)KHCHUA, TAKHUC KaK Heq)pona’mﬂ.

Llesb10 HACTOAIIErO MCCIEIOBAHUS SBUIOCH U3yYCHHE YPOBHS MHCYJIHHONOMOOHBIX (akTopoB pocta (IGF), nx
oenkxo-nepenocunkoB (IGFBP) u mapkepo nmospexaenus (IL-18, L-FABP, mucraruna C, NGAL, KUM-1) B
TKaHH MOYEK CaMIIOB KPBIC IIPH CaXapHOM JHaleTe, OIyX0JIeBOM POCTE U X COYCTAHUH.

MarepuaJibl 1 MeTOJbI. B HccieioBaHre BKIIOUYECHBI caMIlbl OesbIX OecropoIHbIX Kpbic (7 = 32) maccor 180—
220 T, pa3zeseHsl Ha YeThIpe TPYMIBI M0 8 ocobell B Kaxa0il. ['pynmna |—MHTaKTHBIC )KUBOTHBIC, KOHTPOJIbHAS
rpynna (2) —KHUBOTHBIE C CaxapHbIM IUa0eTOM, KOHTpoJIbHas rpymmna (3) — JKUBOTHbBIE ¢ KapuuHOMOH I'epeHa,
OCHOBHasi rpyrmma (4) — )KUBOTHBIE ¢ KapunHoMmoi ['epena Ha (one caxapHoro nuabera. B romorenarax mouek
MeToIoM UMMyHO(epMeHTHoro ananusa onpenessiin IGF-1, IGF-2, IGFBP-1, IGFBP-2 u mapkeps! ocTporo mo-
Bpexxaenus nouek: [L-18, L-FABP, uucratun C, NGAL, KIM-1.

PesyasTatel. [Ipu caxapHoMm guabere B CaMOCTOSTEIBHOM BapHaHTE W COYETAHHOM C POCTOM KapIMHOMBI
I'epeHa y caM110B KpBbIC B IIOUKAX YCTAHOBJICHO IIOBBIICHUE YPOBHS MapKEepPOB OCTPOro MOBpekAcHUs nodek. [1pu
pa3BuTHH caxapHoro nuadera yposeHb IGF-1, IGFBP-1 n IGFBP-2 6bu1 cHinkeH B cpennem B 1,3 pasa, a ypoBeHb
IGF-2 nosimes B 2,1 pa3a OTHOCHTENBHO TT0Ka3aTels y HHTaKTHBIX camioB. [Toseimenne IGF-2/IGF-18 cpennem
B 2,8 pa3a CBHAETEIHCTBOBAJIO O HApaCTAHUH TUITOTIMKEMUH TKaHH MOYEK JKMBOTHBIX IIPH CaxapHOM JuabeTe U B
IpyIIIe ¢ caxapHbIM quadeToM u omyxosnbtio ['epena. [1pu onyxonu ['epena B Tkanu movek camuos yposeHb IGF-1
n IGF-2 6b11 noBsIeH B cpegueM B 1,5 pasa, a ypoBens IGFBP-2 chwxen B 1,7 pa3za. [Ipu couetanHOM pa3BuTHH
3JI0KQUECTBEHHOIT oIryxoui Ha hoHe caxapHoro auadera coaepxanue IGF-2 nu IGFBP-1 6puto nossimeno B 2,3 u
1,7 paza coorBercTtBeHHO, a IGF-1 u IGFBP-2 He ornuuanucs ot rnoka3aTeliell y HHTaKTHBIX )KMBOTHBIX.

3akiouenne. OOHapYKEHBI HAPYHICHHS META0OJMYECKOTO COCTOSIHUS TKaHH TMOYEK CaMIOB NPU Pa3sBUTUH
caxapHoro quabera, oryxoiu I'epeHa u ux co4eTaHusl.

KunroueBble cioBa: caxapHslil quaber, kapunHoMa ['epena, Mapkeps! octporo nospesxaenus nouek, IGF, IGFBP

Konduaukt uHTEpecoB. ABTOPHI JACKIAPUPYIOT OTCYTCTBUE SBHBIX U IMOTCHIMATBHBIX KOH(PIUKTOB HHTEPECOB,
CBSI3aHHBIX C MyOJUKAIUEH HACTOSIICH CTAThH.

Hcrounuk ¢unancupoBaHus. ABTOPHl 3asBISIIOT 00 OTCYTCTBHHM (PUHAHCHPOBAHHS IIPH IIPOBEICHUH
HCCIICIOBAHUSL.

CooTBeTcTBHE MPUHIUNAM 3THKHU. VccrienoBanne ogo0peHO OHOITHYECKIM KOMHTETOM II0 PadOTe ¢ KUBOT-
HeIMH DI'BY «PocToBCKHil Hay4HO-HCCIEIOBATENECKII OHKOJIOTHUSCKHNA MHCTUTYT» (mpoTokon Ne 21/99 ot
01.09.2020).

Jns nurupoBanusi: Opannusain E.M., bannoskuna B.A., Kamumesa U.B., Cypukosa E.W., Heckyouna U.B., [To-
ropenosa FO.A., Tpermraku JI.K., Yepspuna H./I., Kotuesa 11.M., Mopo3zosa M.1. MucynmmHOIO100HbIE (haKTOPEI
pocTa 1 ux OEIKH-TIEPEHOCYHKH B ITOYKAX KPBIC IIPH SKCIIEPUMEHTAIFHOM THadeTe, 3T0KaYeCTBEHHOM POCTE H HX
coueTanuu. bromemens cubupckoti meouyunst. 2022;21(3):112-119. https://doi.org/10.20538/1682-0363-2022-3-
112-119.
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INTRODUCTION

The growing incidence of diabetes mellitus (DM)
and chronic kidney disease (CKD) worldwide has
prompted research efforts to overcome the grow-
ing prevalence of diabetic nephropathy (DN), which
has become a global disaster due to the limited ef-
fectiveness of existing treatments [1]. Persistent hy-
perglycemia resulting from DM causes microvas-
cular damage and long-term diabetic complications,
such as nephropathy, also known as diabetic kidney
disease (DKD) [2]. The kidneys play an important role
in maintaining blood glucose homeostasis. In normal
conditions, about 180 g of glucose is filtered through
the glomeruli every day and almost completely reab-
sorbed by the renal tubules, of which about 90% is
reabsorbed by the proximal tubules of the kidneys [3].
Both DM and CKD are known to be associated with
aging. The incidence of DM in people over 65 years
more than doubles that in people over 20 years [1],
and aging is a key factor explaining the loss of neph-
rons and leading to CKD [4].

DM is believed to be an inducer of accelerated
cellular aging and is associated with cardiovascular
and kidney diseases due to high glucose levels [5].
However, tissue-specific aging remains poorly under-
stood. DM is the leading cause of end-stage renal dis-
ease worldwide, especially in the elderly [6]. Accele-
rated kidney aging in DM is associated with multiple
stressors, such as accumulation of advanced glyca-
tion end products, hypertension, oxidative stress, and
inflammation [7].

IGF, a peptide growth factor secreted by the
collecting duct of the adult kidney, binds to IGF1R
and phosphorylates insulin receptor substrate pro-
teins, thereby initiating downstream pathways, includ-
ing PI3K-Akt-mTOR, to participate in the regulation
of cell proliferation and apoptosis [8]. IGF-1 infusion
improves hemodynamic parameters, such as renal
plasma flow, inulin clearance, and renal vascular re-
sistance in fasted rats. Studies have shown that IGF
signaling is significantly involved in kidney develop-
ment and various kidney diseases [9]. IGF-1 decreases
after ischemic injury, and treatment with exogenous
IGF-1 accelerates recovery by limiting cell apoptosis
and promoting cell proliferation [10]. These findings
were further supported by a study showing that admin-
istration of thIGF-1 2 hours after injury suppressed the
inflammatory response in the kidneys and increased
EGF levels. IGF-1 also promotes tubular regenera-
tion after acute kidney injury (AKI) by transactivating

EGFR [7]. In addition to ligands, receptors, insulin,
and IGF, there is a family of high affinity insulin-like
growth factor binding proteins (IGFBPs). These pro-
teins primarily counteract IGF function and can serve
as independent biomarkers [11].

The DKD-affected kidney is believed to be partic-
ularly prone to hypoxic medullary injury [12]. The use
of biomarkers of AKI for detection and assessment
of its severity is expanding, and combined analyzes
of several biomarkers increase their sensitivity and
specificity [13]. However, although elevated markers
in young and stable patients with intact kidneys are a
strong sign of AKI, they are less predictable in elderly
patients with comorbidities, especially with DM and
pre-existing renal failure [13]. A study [14] measured
serum and urine KIM-1 levels in addition to liver
fatty acid binding protein (L-FABP), another mark-
er of proximal renal tubular damage, in DM patients
to clarify the relationship between these parameters.
Experimental studies in vivo can reveal characteristics
of cancer development in the presence of comorbid
diseases [15].

The aim of this study was to analyze the levels
of IGF, their carrier proteins (IGFBP), and markers
of kidney tissue damage (IL-18, L-FABP, cystatin C,
NGAL, and KIM-1) in the kidneys of male rats with
DM, tumor growth, and their combination.

MATERIALS AND METHODS

The study included white outbred male rats weigh-
ing 180-220 g obtained from the Research Center
for Biomedical Technologies of FMBA (Andreev-
ka branch, Moscow Region). The animals were kept
under natural light conditions with free access to wa-
ter and food. The animals were used in accordance
with the European Convention for the Protection of
Vertebrate Animals used for Experimental and other
Scientific Purposes (Directive 86/609/EEC), the Inter-
national Guiding Principles for Biomedical Research
Involving Animals, and the order of the Ministry
of Health of Russia No. 267 of 19.06.2003 “On the
approval of the rules of laboratory practice”.

The animals were divided into four groups, with
8 rats in each: intact animals (1); two control groups:
with alloxan-induced diabetes (2) and Guerin carcino-
ma (3); experimental group (4) with Guerin carcinoma
growing in presence of alloxan-induced diabetes. Ex-
perimental diabetes was reproduced by an intraperito-
neal alloxan injection (150 mg / kg of body weight).
Blood levels of glucose were monitored daily for
one week. The blood glucose levels in intact animals
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were 5.2 £ 0.3 mmol / 1, in rats with induced DM —
27.3 + 2.6 mmol /1, and in the experimental group —
25.4+£2.2 mmol /L. The rats from groups 3 and 4 after
1 week of persistent hyperglycemia received subcu-
taneous injections (downward from the corner of the
right shoulder blade) of 0.5 ml suspension of Guerin
carcinoma cells diluted 1 : 5 in saline. The experimen-
tal animals were monitored daily; subcutaneous tumor
growth could be recorded 3 days after the injections of
Guerin carcinoma cell suspension._ Examinations car-
ried out after 10 days of the malignant tumor growth
corresponded to the exponential phase of Guerin
carcinoma growth. 10 days after, the animals were
decapitated using a guillotine. The levels of IGF-1,
IGF-2 IGFBP-1, and IGFBP-2, as well as AKI mark-
ers (IL-18, L-FABP, cystatin C, NGAL, and KIM-1)

were measured by ELISA in kidney homogenates in
all animals (Cusabio, China).

The results were statistically processed using the
Statistica 13.0 software package. The results were pre-
sented as the mean and the standard error of the mean
M + SE. Normality of data distribution was checked
by the Shapiro — Wilk test. The significance of diffe-
rences between the independent variables was as-
sessed using the Mann — Whitney test. The differences
were considered significant at p < 0.05.

RESULTS

The results of the analysis of IGFs and their carrier
proteins in the kidney tissue of male rats with DM,
Guerin carcinoma, and Guerin carcinoma growing in
the presence of DM are presented in Table 1.

Table 1
Levels of IGF and IGFBP (ng / g of tissue) in the kidneys of male rats, M + SE
Parameter IGF-1 IGF-2 IGF-2/IGF-1 IGFBP-1 IGFBP-2
Group 1 (intact), n=8 125.1+10.8 66.6+5.9 0.5+0.06 63.0+£6.7 456.79 £ 54.2
Group 2 (DM),n=38 93.5+£84! 140.5+13.2! 1.5+0.14! 46.2 + 4.1 349.3 £31.5¢
Group 3 (Guerin carcinoma), n = 8 197.6 + 16.3'2 93.8+£9.5'2 0.5 +0.05? 56.1+5.8 274.3 £26.9'2
Group 4 (DM + Guerin carcinoma), n = 8 120.6 £ 11.82 152.1 +13.7 1.3+0.15! 105.6 £ 11.2'2 372.0+33.8
Note: statistically significant (p < 0.05) compared with: 1 — levels in intact animals; 2- levels in group 2 (here and in Table 2).

The levels of IGF-1, IGFBP-1, and IGFBP-2 in the
animals with DM were decreased on average by 1.3
times (p < 0.05) compared with the values in the intact
males, while IGF-2, on the contrary, was increased by
2.1 times. IGF-1 and IGF-2 in the kidney tissues of
the male rats with Guerin carcinoma were increased
by 1.6 and 1.4 times (p < 0.05), respectively, IGFBP-2
was decreased by 1.7 times (p < 0.05), and IGFBP-1
did not differ significantly from the levels in the intact
males. In the animals with combined DM and Guerin
carcinoma, the levels of IGF-1 and IGFBP-2 in the
kidney tissues did not differ significantly from those
in the intact males, and IGF-2 and IGFBP-1 were in-
creased by 2.3 and 1.7 times (p < 0.05), respectively.

Clinical application of IGF-2 measurement in the
diagnosis of non-islet cell tumor hypoglycemia was
shown. Recent advances in understanding the patho-
physiology of IGF-2 in cancer revealed new clinical
potential of its use [16]. An increase in the IGF-2 /
IGF-1 ratio indicated increasing tissue hypoglycemia.

The tumor tissue was not the subject of the study,
nevertheless, we considered it reasonable to calculate
the IGF-2 / IGF-1 ratio in the kidney tissue of the ani-
mals. IGF-2 /IGF-1 in the kidney tissue increased only
in the male rats with DM and with Guerin carcinoma

growing in presence of DM by 3 and 2.6 times, re-
spectively. This indicated an increase in kidney tissue
hypoglycemia in the animals precisely in conditions
associated with an increase in the blood glucose level.

The bioavailability of the IGF-1 / IGFBP-1 and
IGF-2 / IGFBP-1 ratios is also worth noting. IGF-
1 / IGFBP-1 in the kidney tissue was elevated only
in the animals with Guerin carcinoma (3.5 £ 0.4 vs.
2.0 £ 0.1). The IGF-2 / IGFBP-1 ratio was increased
in all studied processes: in DM from 1.1 = 0.09 to
3.0 £ 0.2; in Guerin carcinoma from 1.1 £ 0.09 to
1.7 +£0.08; in DM + Guerin carcinoma from 1.1 £0.09
to 1.4+ 0.07 (p < 0.05).

We studied AKI markers in the kidney tissue of
rats with DM, Guerin carcinoma, and Guerin carcino-
ma growing in the presence of DM (Table 2).

The level of all markers, except for cystatin C,
were increased in DM, compared with the values in
the intact male frats: IL-18 — by 1.6 times (p < 0.05),
L-FABP — by 1.9 times (p < 0.05), NGAL — by 2.3
times, and KIM-1 — by 1.6 times (p < 0.05). The male
rats with Guerin carcinoma were characterized by el-
evated levels of some markers, compared with the in-
tact animals: IL-18 — by 1.8 times (p < 0.05), cystatin
C —Dby 1.3 times (p <0.05), and KIM-1 — by 1.3 times
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(p < 0.05). In the kidney tissue of the male rats with
Guerin carcinoma growing in the presence of DM, the
level of IL-18 was increased by 1.5 times (p < 0.05),

L-FABP — by 1.4 times (p < 0.05), cystatin C — by 1.8
times (p < 0.05), NGAL — by 2 times (p < 0.05), and
KIM-1 — by 1.4 times (p < 0.05).

Table 2
Levels of AKI markers in the kidneys of male rats
Parameter IL-IS L-FABP cystatin. C NGAL KIM-.I

(pg/ goftissue) | (pg/goftissue) | (ng/goftissue) | (ng/goftissue) | (pg/ g oftissue)
Group 1 (intact), n =8 5,415.1+£398.6 | 2,319.4+251.7 960.8 + 83.5 0.12+0.02 679.1 +£58.4
Group 2 (DM),n=38 8,520.4 £ 611.8"' | 4,365.2 +369.5! 828.4+77.1 0.28 +£0.03 1,058.5 + 84.9'
Group 3 (Guerin carcinoma), n = 8 9,536.3 £842.5' | 2,883.6+334.6> | 1,267.9+113.5'? 0.13+0.015° 904.9 + 76.3!
Group 4 (DM + Guerin carcinoma), n =8 | 8,253.4+731.2" | 3,298.7 +248.3'2 | 1,717.5+99.4!2 0.24 +0.028' 935.5+81.7"

DISCUSSION

DM is an increasingly dangerous public health
problem both due to its high prevalence and incidence
and poor outcomes of vascular complications, such as
DKD. Acute hyperglycemia occurs in diabetic ketoac-
idosis, and hyperglycemia can cause a series of met-
abolic disorders. Does it mean that rapidly elevated
blood glucose may also lead to “acute hyperglycemic
renal toxicity” [3]?

IGFs are essential for normal pre- and postnatal kid-
ney development. IGF-1 mediates many growth hor-
mone effects, and both excess and deficiency of growth
hormone are associated with impaired renal function.
IGFs affect renal hemodynamics both directly and
indirectly by interacting with the renin — angiotensin
system. In addition to IGF ligands, the IGF system in-
cludes IGF-1, IGF-2 / mannose-6-phosphate, and in-
sulin receptors, as well as a family of 6 high affinity
IGFBP that modulate the IGF effect. Dysregulation of
the IGF system causes a number of kidney diseases.

Our results are consistent with the results from a
number of studies showing that abnormal IGF levels
are found in diabetic nephropathy and chronic renal
failure [9]. In addition, IGF-1 can induce prolifera-
tion and differentiation of renal tubular epithelial cells
and modulate immune cells, reducing the production
of proinflammatory cytokines [17]. Obviously, de-
creased IGF-1 levels in the kidney tissues could lead
to an increase in the production of proinflammato-
ry cytokines and greater susceptibility of the organ
to their action. However, our study did not reveal a
decrease in the level of IGF-1 in the kidney tissues
(both in the control and in the experimental groups),
although elevated IL-18 levels were found in all stud-
ied tissue samples._

IL-18 is a proinflammatory cytokine produced
by the proximal tubular epithelium after the action

of nephrotoxic factors. Interleukins are important
mediators of the immune response in the innate and
adaptive immunity. All cytokines are freely filtered
and then reabsorbed and metabolized in the proximal
tubules; therefore, an increase in the level of 1L-18
indicates damage to these tubules [18]. The deter-
mination of IL-18 in urine allows for identification
of renal damage caused by ischemia at the earliest
stage. IGF-1 controls the anti-apoptotic Bcl-2 pro-
tein, which is the main mechanism of protection and
survival of the renal epithelium during injury, and
Bcl-2 is regulated by IGF-1 at the post-transcription-
al level [19].

In contrast to IGF-1, the levels of IGF-2 were in-
creased in all kidney tissue samples, although in the
animals with DM, i.e. in the experimental and con-
trol groups, these changes were more pronounced,
compared with the rats with the independent growth
of Guerin carcinoma. IGF-2 is a 7.5 kDa mitogenic
peptide hormone expressed by the liver and many oth-
er tissues. It is three times more abundant in serum
than IGF-1, but our understanding of its physiological
and pathological roles is insufficient compared with
IGF-1. Expression of the IGF-2 gene is strictly regu-
lated. Its overexpression is observed in many cancers
and associated with a poor prognosis. Elevated serum
IGF-2 levels are also associated with an increased risk
of developing various cancers [16].

In this study, IGF-2 / IGF-1 demonstrated increas-
ing hypoglycemia in the kidney tissue of animals
precisely in conditions associated with an increase in
blood glucose levels, i.e. in the experimental group
and in the control group with DM. The increased
IGF-2 / IGFBP-1 ratio showed, on the one hand, an
increase in the bioavailability of IGF-2 in all stud-
ied pathological processes, and, on the other hand,
that this factor is pathognomonic in both malignant
growth and DM. There are many common risk factors
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for DM and cancer [20]. Obviously, IGF-2 is one of
such pathognomonic factors.

In recent decades, new methods for studying kid-
ney diseases have been proposed, such as tubular en-
zymes and new AKI biomarkers. Very promising new
AKI biomarkers have been termed “renal troponins”
and have suggested early detection of kidney disease.

Numerous studies on urinary neutrophil gelati-
nase-associated lipocalin (NGAL), kidney injury
molecule-1 (KIM-1), cystatin C (CysC), liver fat-
ty acid binding protein (L-FABP), and interleukin
(IL)-18 have been carried out. Elevated levels of
NGAL, a biomarker of distal tubular segments, may
indicate that these segments are affected by inflam-
mation. After ischemic or nephrotoxic AKI, intra-
renal NGAL is dramatically upregulated at the tran-
scriptional and protein levels. In contrast, unaltered
KIM-1, a proximal tubular biomarker, may reflect
improved cortical oxygenation [12].

Biomarkers can be localized in certain nephron
segments._A recent study [21] suggested that IL-18,
NGAL, L-FABP, and KIM-1 can help characterize
the function of glomeruli or tubules; glomerular, tubu-
lar or interstitial damage, inflammation. At the same
time, NGAL levels can be elevated in sepsis, CKD
or urinary tract infections, and no specific threshold
values were noted for it [22]. The levels of KIM-1 can
be elevated in chronic proteinuria and inflammatory
diseases [23]. L-FABP can be closely associated with
anemia in patients without DM [24].

CysC is produced by nucleated cells at a constant
rate, filtered by glomerular cells, and almost com-
pletely reabsorbed and catabolized (but not secreted)
in the proximal tubules. Over the past decade, CysC
was revealed to be a stronger death risk predictor in
older people than creatinine [25].

L-FABP is a 14 kDa protein from a large fatty ac-
id-binding protein superfamily. It is predominantly
localized in the proximal tubules [25]. The described
studies make it obvious that the kidneys of males with
DM, Guerin carcinoma, and the combined pathology
were subject to any kind of damaging effects, be it
hyperglycemia or stress associated with tumor growth.
The L-FABP protein levels were increased only in the
samples of the animals with DM, alone or with con-
comitant disease. CysC, on the contrary, increased in
the kidney tissues of the animals with Guerin carci-
noma, alone or with concomitant disease. The I1L-18
and NGAL levels were increased in the kidney tissues
of the male rats with both pathological processes.
Thus, male rats with different pathologies showed glo-

merular, tubular or interstitial damage. The glomer-
ular filtration was affected only in the animals with
independently growing tumors (control group) or in
combination with DM (experimental group). Similar
results associated with kidney ischemia and cancer
were earlier obtained in the experiment and in clinical
practice [26, 27].

CONCLUSION

DM as a concomitant process in malignant growth
increases the levels of IGF-2, IGF-1 / IGF-2, and IG-
FBP-2 in kidney samples of nonlinear male rats with
a rise in the local level of AKI markers. Perhaps the
reason for it should be sought in the predictive role of
sex hormones.
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