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Abstract. Akt/mTOR/p70S6K1 signaling pathway plays an important role in the pathogenesis of cancer and
diabetes. Macrophages and lymphocytes are involved in the pathogenesis of diabetes, diabetic atherosclerosis,
formation of insulin resistance as well as immune response to cancer and tumor maintenance. The aim of the
study was to determine the activation of Akt/mTOR/p7056K1 in peripheral blood mononuclear cell (PBMC) of
patients with type 2 diabetes (T2D) and cancer. Results. The level of insulin in the blood of diabetic patients
with breast and endometrial cancer was significantly higher compared to control, whereas it did not differ
from control in the blood of diabetic patients with colorectal and pancreatic cancer. The highest level of insulin
was observed in the blood of patients with T2D solely. Almost the same pattern was observed concerning
IGF-1 blood concentration. Akt S473 phosphorylation by mTORC2 was higher than control values in PBMC of
breast and endometrial cancer diabetic patients. The level of Akt phosphorylation in PBMC of diabetic patients
with colorectal and pancreatic cancer was lower then in control cells that corresponds to insulin and IGF-1
concentrations in the blood. There was no activation of Akt by mTORC2 in PBMC of diabetic patients. There is
no activation of mTORC1 in PBMC of patients with cancer and diabetes but there is its significant activation
in the cells of patients with T2D only. Probably the Akt activation by mTORC2 is not associated with activation
of mTORCT in the cells of patients with T2D. The decrease in mTORC1 activity occurred in the cells of diabetic
patients with all studied types of cancer. It can be assumed, that diabetes-related PI3K/Akt signaling in PBMC s
likely to interfere with cancer-related signaling mechanisms. There were the differences in oncological patients
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with T2D between breast/endometrial cancers, and pancreatic/bowel cancers considering IGF/insulin content
in the blood and Akt activation in the PMBC, that could be explained by the specific hormonal background of

the first types of cancers.

Conclusion. The hypothesis of reciprocal Akt phosphorylation by the PDK1 and mTORC2 complexes on Thr308

and Ser473, respectively, is discussed.

Keywords: Akt, mMTORC1/2, p7056K1, peripheral blood mononuclear cell, cancer, type 2 diabetes mellitus.

Protein kinase Akt (v-act murine thymoma
viral oncogene homolog) plays a key role in
regulation of cell growth, homeostasis, survival,
proliferation and metabolism. Akt is activated by
PDK1 via T308 phosphorylation in the T-loop of
the catalytic domain and by rapamycin-insensitive
mTORC2 through S473 phosphorylation in the
hydrophobic region on the C-tail. Akt enhances
insulin-dependent translocation of GLUT-4 and
glucose transport, and activates downstream
protein kinases mTORC1 (mammalian target of
rapamycin complex 1) and p70S6K, which control
protein synthesis [1].

ThemTORCI1 proteinkinasecontrolscell growth
and homeostasis, including protein synthesis,
lipogenesis, glucose metabolism, autophagy,
biogenesis of lysosomes, proliferation and survival,
in response to environmental signals such as levels
of amino acids, glucose, energy, oxygen and growth
factors [2]. The mTORCI1 also includes mLST8/
GBL (mammalian lethal with Sec 13 protein
8/G-protein B-protein subunit like), deptor (DEP-
domain-containing mTOR interacting protein) and
raptor (regulatory-associated protein of mTOR),
which is a scaffolding protein that mobilizes
substrates for the mTOR kinase, interacting with
their TOS (TOR signaling) motifs [3].

The main substrate of mTORC1 is protein
kinase p70S6K. The evolutionary conserved
kinases of ribosomal S6 protein belong to the family
of AGC kinases (PKA, PKG and PKC) and play
an important role in regulation of cell growth and
metabolism [4]. S6K kinases are mTOR pathway
effectors, and activation of the mTOR/S6K axis
stimulates protein synthesis and cell growth [5].

The deregulation of the PI3K/Akt/mTOR/
p70S6K cascade often leads to serious diseases such
as cancer and type 2 diabetes (T2D) [5].

It was established that regulation of insulin/IGF
system is often disturbed in cancer. Epidemiological
studies have shown that elevated IGF-1 plasma

concentrations are associated with a higher risk of
developing various malignancies [6].

The peripheral blood mononuclear cell
(PBMC) include several types of cells that play a
significant role in the development of pathological
conditions such as cancer, diabetes and its
complications [7-9]. The PI3K/Akt pathway is
involved in the activation of macrophages and
lymphocytes, secretion of cytokines, initiation of
inflammatory processes and immune surveillance
failure [10].

The aim of the work was to determine the
activation of the last 3 kinases of the PI3K/
Akt/mTORC1/p70S6K cascade in PBMC of
oncological patients with different types of cancer
on the background of decompensated type 2
diabetes.

Material and methods

The study was conducted in the diabetology
department of IEM and the department of internal
medicine Ne 1, clinical immunology and allergology
of Ivano-Frankivsk National Medical University.
All patients signed informed consent to conduct
further diagnostic and research study. PBMC were
obtained from blood as previously described [11].
The PBMC collected were washed in PBS by
centrifugation at 200 g to remove platelets and
frozen at —80 °C until use.

For determination of the phospho-Akt1/2/3
(p-S473), phospho-PRAS40  (p-T246) and
phospho-p70S6K1 (p-T389) ELISA kits 85-86046,
KHOO0421 and 85-86053 were used respectively
(Invitrogen, USA). The cells were lysed in the
extraction buffer containing inhibitors of proteases
and phosphatases. The measurements were carried
out on a microplate reader (Bio-tek Instruments,
USA) at a wavelength of 450 nm. The protein
concentration in the lysate was determined using
BCA protein assay kit (Novagen, USA).

303

VERTE }



ISSN 1680-1466" EHIOKPMHOJIONA 2019, TOM 24, Ne 4

OpwuriHanbHi OCNIAKEeHHSA

The levels of insulin and IGF-1 in the blood were
determined using the automatic analyzer Stat fax
303+ (USA) with the diagnostic kits Insulin ELISA
(ETIA-2935) and IGF-1600 ELISA (EIA-4140)
from DRG (Germany). HbA1c was determined by
ion-exchange chromatography, using the Bio-Rad
(USA) D-10 analyzer and reagents.

The OD values of samples obtained are located
on the calibration curve satisfactorily coinciding
with a theoretical lines that indicates no scattering
of the data.

All examined patients belonged to the Caucasian
race, age was in range from 46 to 72. The patients
and a control group were selected with close age
and body mass index.

The results of the study are presented as M£SD,
n=5-12. To compare the data groups, one-way
ANOVA and Student’s t-test were used. Values of
P <0.05 were considered as significant.

Results and its discussion

The following groups were investigated: 1 — control
group (n=10) — healthy people, representative by
age; 2 — patients with breast cancer and diabetes
(n=7); 3 — patients with endometrial cancer and
diabetes (n=8); 4 — patients with colorectal cancer
and diabetes (n=6); 5 — patients with pancreatic
cancer and diabetes (n=5); 6 — patients with type 2
diabetessolely (n=12). Therapy of patientsincluded
combinations of glucose-lowering drugs and
insulin. The average level of HbA1c in patients was
8.07+£0.99% corresponded to the decompensation
of diabetes.

Patients with cancer were characterized as
belonging to the clinical group II. Blood collection
was carried out before specific antitumor therapy
(chemotherapy, hormonal therapy, radiotherapy)
was assigned.

It is known that in tissues of patients with T2D,
as a result of prolonged exposure to high doses of
insulin, the activity of Akt and its downstream
kinases, mTORC1 and p70S6K, in metabolic
tissues is enhanced, resulting in phosphorylation
of key adapter protein of insulin cascade —
IRS-1 (S307 and other amino acid residues),
its degradation, impaired insulin signaling and,
consequently, insulin resistance [9]. The level of
phosphorylated Akt in PBMC of patients with T2D
may be determined by the ratio of metformin and
insulin effects. Metformin activates the AMPK and
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inhibits mTORC1 activity, but improves insulin
signaling. Insulin activates the signaling cascade of
PI3K/Akt/mTORC1 and inhibits the activation of
AMPK by metformin [12]. The final result of the
interaction of these drugs and the signaling mecha-
nisms induced is the state of Akt activity.

The PBMC include monocytes/macrophages
and lymphocytes (T cells, B cells and NK) involved
in the processes of cellular and humoral immunity
as well as in pathogenesis of diabetes and its
complications. PI3K/Akt/mTOR is a signaling
cascade that largely determines the functioning
of these blood cells in diabetes and malignant
neoplasm [7-9, 13].

The level of insulin in the blood of patients with
breast and endometrial cancer was significantly
(more than 2 times) higher compared to control,
whereas it did not differ from control in the blood
of patients with colorectal and pancreatic cancer
(Table). The highest level of insulin was observed
in the blood of patients with type 2 diabetes solely.
Almost the same pattern was observed concerning
IGF-1 blood concentration, which was highest
in diabetic patients with breast and endometrial
cancer.

Akt1/2/3  S473  phosphorylation  (and
activation) by mTORC2, normalized with respect
to the total amount of Akt in the cells, was higher

Table. IGF/insulin content in the blood and Akt/mTORC1/
p70S6K1 activation in the PMBC of oncological patients with type
2 diabetes

Insulin IGF-1  p/t-Akt p-AKT1S1 p/t-

p70S6K
1. Contr. 7.56 141.57 0.0602 1.168 0.0063
SD 0.81 10.12  0.0066  0.052 0.0009
2.Breast cancer 15.27*  191.17* 0.0748* 0.647* 0.0047*
+T2D
SD 0.54 12.71 0.0047  0.072 0.0003
3. Endometrial 17.59* 189.96* 0.0731* 0.901* 0.0047*
cancer + 12D
SD 2.76 1555 0.0036 0.16 0.0007
4. Colorectal 735+ 17275 0.0427* 0.423** 0.0045*
cancer +T2D
SD 0.17 2780 00196 0.04 0.0002
5.Pancreatic 860+  158.16" 0.0291*" 0.322*" 0.0029*"
cancer +T12D
SD 1.64 10.84  0.0234 0.041 0.0002
6.T2D solely ~ 2438% 17554* 0.0665 1.7142*%  0.0092*
SD 1.99 5.46 0.00775 0.07 0.0007

Note: * — differences from control are significant, P<0.05;
+— differences from groups 2 and 3 are significant, P<0.05;
" — differences from other types of cancer are significant, P<0.05.
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than control values in PBMC of breast and
endometrial cancer patients that corresponds to
increased insulin and IGF-1 concentrations in the
blood (Table). The level of Akt phosphorylation in
PBMC of patients with colorectal and pancreatic
cancer was substantially lower than in control cells
and especially in the PBMC of patients with breast
and endometrial cancer. There was no activation
of Akt by mTORC?2 in PBMC of diabetic patients
compared with control, which indicates an absence
of association between the level of insulin/IGF-1 in
the blood and the activation of kinase in the blood
cells.

The Akt1-1 substrate (AKT1S1), also known as
the proline-rich Akt substrate 40kDa (PRASA40),
is a component of the mTORC1,/p70S6K signaling
mechanism, which binds raptor and interferes
with the interaction of mTOR1 kinase with its
substrates [14, 15]. AKT1S1 is both a substrate
and a negative regulator of mTORC1 and is
phosphorylated by Akt (T246) and mTORC1
(S183/S212/S221).  Phosphorylation  causes
binding of AKT1S1 to the protein 14-3-3-(,
the dissociation of AKT1S1 and raptor and,
respectively, the activation of mTORC1 [13, 14].
It is interesting that over-expression of AKT1S1
enhances insulin sensitivity in skeletal muscle [15].

We observed high level of AKT1S1
phosphorylation in PBMC of control samples and
lower quantity of p-AKT1S1 in PMBC of diabetic
patients with all types of cancer, especially in the
PBMC of patients with colorectal and pancreatic
cancer (Table) that may indicate the absence
of mTORC1 activation in the blood cells of
these patients. In contrast, the level of AKT1S1
phosphorylation in PBMC of patients with type 2
diabetes was 1.5 times higher than the control.

Phosphorylation and activation of the mTORC1
substrate — p70S6K1 in PBMC of diabetic
patients with all types of cancer coincides with
the corresponding phosphorylation of AKT1S1
(Table).

Thus, based on the pattern of phosphorylation
of AKT1S1 and the substrate of mTORC1 —
p70S6K1, we can conclude that there is no
activation of mTORC1 in PBMC of patients with
cancer and diabetes but there is its significant
activation in the cells of patients with T2D only.
It is also likely that Akt activation by mTORC?2 is
not associated with activation of mTORC1 in the
cells of patients with T2D.

It should be noted that Akt is phosphorylated
by the mTORC2 on S473 in a partially IRS-
independent manner, which indicates a weak
connection of such phosphorylation with IRS/
PI3K signaling [16, 17]. Therefore, it was
interestingtocheckalsotheactivationof mMTORC1
in these conditions. It is known that mTORC1 is
regulated by the availability of nutrients, energy
and growth factor signals, while mTORC2 is
activated by growth factor signals [18, 19]. Thus,
studying of Akt phosphorylation by the mTORC2
we can try at least partially to separate the effect
of nutrients from the effects of growth factors, and
metabolic effects from mitogenic.

Phosphorylation of AKT1S1 causes its
sequestration from the mTOR1 complex and,
thus, activation of the latter. Activated mTORC1
phosphorylates the hydrophobic motif of p70S6K1,
to initiate translation [20, 21]. We observed
significant increase of p70S6K1 phosphorylation
in PBMC of patients with diabetes (Table).
Together, this indicates the activation of the last
kinases of the insulin cascade.

Thus, despite the absence of Akt activation,
the final kinases of the Akt/mTORC1,/p70S6K1
cascade activation in PBMC of patients with
diabetes were observed. Obviously, the Akt
and the downstream kinases are activated by
Akt phosphorylation on Thr308 by PDKI1. It is
possible also that the MAPK signaling pathway
mediating the effects of IGF may be involved in
the activation of the insulin cascade.

There is increasing evidence that selective
mTORC1 inhibition can elicit increased Akt
Ser473 phosphorylation and attenuates the signal
effects on tumor cell proliferation [22, 23]. It is
possible that there is a reciprocal relation between
Akt and the two mTOR complexes, between the
two activating phosphorylation sites, Thr308
and Ser473, of Akt. The energy charge, the ATP/
AMP concentration ratio, may represent a switch
between the active and inactive state of Akt and
sites of phosphorylation as well. High ATP/
AMP ratio activates mTORC1 and the energy
consuming synthetic processes. Under nutrient
deprived conditions, active FoxO transcribes
rictor promoting participation of mTORC2 [24].

Given the decrease in phosphorylation of
AKT1S1, we can conclude that activation of
mTORCI1 in cancer + T2D samples (especially
colorectal and pancreatic cancer) was essentially
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lower than in control PBMC. This is confirmed by
phosphorylation of p70S6K1. The lowest quantity
of p-p70S6K1 was observed in PBMC of patients
with pancreatic cancer. At the same time,in PBMC
of patients with T2D, we observed a significant
stimulation of mMTORC1/p70S6K1 activity. Thus,
diabetes-related PI3K/Akt signaling in PBMC is
likely to interfere with cancer-related signaling
mechanisms. A certain universality of the latter
should be noted, since a decrease in mTORC1
activity, although to a different degree, occurred
in the cells of patients with all studied types of
cancer.

We can note the coincidence of the Akt
phosphorylation pattern in PBMC and the levels of
insulin and IGF-1 in the blood of patients with T2D
and cancer. In contrast, the activation of mTORC1
and p70S6K1 did not correspond to hormones
levels. Therefore, it can be concluded that Akt
phosphorylation by mTORC2 in this context is not
associated with the activation of mMTORCI.

High levels of IGF-1 and insulin in the
microenvironment provide a potential mechanism
for carcinogenesis and early tumor growth
through antiapoptotic signaling and metabolic
reprogramming  mediated by  PI3K/Akt/
mTOR. It is known that patients with obesity
are characterized by higher levels of IGF-1 in
the blood, compared with people with normal
BMI [25]. This is consistent with the conclusion
that diabetes and obesity increase the risk of
developing types of cancer with the Warburg
phenotype [26, 27].

The differences between breast and endometrial
cancer on the one hand, and pancreatic and
colorectal cancer on the other hand, are apparently
explained by the specific hormonal background
that accompanies the first types of cancers.

Early studies have shown that IGFs and
estrogens are strong mitogens for breast cancer
cells and that high circulating IGF-1 and
estrogens are risk factors of breast cancer. Data
indicated that these hormones act synergistically
on the pathogenesis of breast cancer. Estrogens
increase the effect of IGF-1 on breast cancer cells
by stimulating the expression of IGF-1 and IGF-1
receptor [28].

The insulin/IGF system and estrogens act
synergistically as potent mitogens in normal
breast as well as in breast tumor cells. The
evidences were obtained that the insulin/IGF
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and estrogen-mediated signaling pathways are
closely connected [29]. Estradiol upregulates
the expression of several IGF family members
including 1GF-1/2, IGFBP2 (IGF-binding
protein), IGF-1R, and insulin receptor substrate 1
(IRS-1) [6]. It was shown that IRS-1 is associated
with breast cancer progression [30].

The insulin/IGF system is frequently
dysregulated in cancer, contributing to cancer
progression, metastases, and resistance to
cancer therapies [6, 31]. Common alterations
include overexpression of IR and IGF-1R by the
malignant cells, increased IR/IGF-1R hybrid
formation, deregulated autocrine secretion
of IGFs, and increased IGFs secretion by the
tumor stroma. IGFBPs production in the tumor
microenvironment may also be dysregulated [31].

In estrogen-induced endometrial carcino-
genesis, IGF-1 plays an important role. Estrogens
increase the expression of IGF-1 in tissues, and
IGF-1 is required to mediate their mitogenic
effects on the endometrium. In addition, estrogens
modulate IGF-1 signaling by regulating the
expression in other members of the IGF family,
including the IRS-1 and IGFBPs [32].

Estrogen and insulin play a synergistic role in
type 1 endometrial carcinogenesis and progression.
Epidemiologic studies have found that estrogens,
insulin, and IGFs are higher in patients with type
1 endometrial cancer than in healthy individuals.
Steroid hormones, such as estrogen, and growth
factors, such as IGF /insulin, can be major drivers
of this type of cancer. Besides, insulin also
promotes the development of type 1 endometrial
cancer in other ways. It was shown that insulin
resistance and compensatory hyperinsulinemia
provoke androgen synthesis [33]. Increased free
androgens supply more substrate for peripheral
estrogen conversion. Also, insulin has been
reported to inhibit the synthesis of sex hormone
binding globulin (SHBG), which tightly binds
and regulates the activity of sex hormones.
Thus, when insulin levels increase due to insulin
resistance, this inhibition results in an increase
in free sex hormone levels (of both estrogens
and androgens) and further stimulates type 1
endometrial tumorigenesis [34].

It is also important that tissue macrophage
infiltration, which make up a substantial part of
PBMC, correlated positively with endometrial
cancer development [35].
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Conclusion

Thus, chronic diseases such as type 2 diabetes and
cancer may have a systemic effect on signaling
mechanisms in different tissues of the body,
including blood cells.

There are the differences in oncological patients
with type 2 diabetes between breast/endometrial
cancers, and pancreatic/bowel cancers considering
IGF /insulin content in the blood and Akt activation
in the PMBC, that could be associated with the
hormonal background of the first types of cancers.

The state of Akt phosphorylation by mTORC2
in PBMC apparently is not associated with IGF/
insulin levels and obviously reflects their mitogenic
effect more than metabolic. Thus, mTORC?2
has little or no involvement in enhancing Akt/
mTORC1/S6K activation in diabetes that confirms
hypothesis of reciprocal Akt phosphorylation by
the PDK1 and mTORC2 complexes on Thr308 and
Ser473, respectively.
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AKTUBALIA NPUKIHLEBMX NPOTEIHKIHA3 IHCYNIHOBOIO
CUrHaMbHOr0 Kackajy B MOHOHYKNEapHUX KNiTUHaXx
nepudyepuyHoi KpoBi NALEHTIB i3 KiabeTom i pisHuMK
TANamu paky

T.C. Baueba, J1.K. Cokonosa, B.B. Mywkapbos, O.1. Ko3yH,
B.M. MNywkapbos, b.b. l'yaa, M.[l. TpoHbKO

LY «IHCTUTYT eHOoKprHONorii Ta 0OMiHy peuosuH im. B.I. Komicaperka HAMH
Ykpaitu», M. Knig

Pesiome

CurnanbHuin wnax Akt/mTOR/p70S6K1 Bigirpae Baxnusy posb y nato-
reHesi paky Ta fjiabety. Makpodaru Ta nimpounTy 6epyTs yyacTb y na-
ToreHesi fiabety, aiabeTMyHoOro atepockneposy, GopmMyBaHHI pe3uc-
TEHTHOCTI [JO IHCYNIHY, @ TakOX IMyHHOI BIAMNOBIAI Ha PaK Ta NigTPVMLi
nyxavHu. MeTtoto focnifkeHHa 6yno BrBYeHHsA akTueauii Akt/mTOR/
p70S6K1 y MOHOHYyKNeapHwx KnitvHax nepudepnurol kposi (PBMC)
nauieHTiB i3 LykpoBuM fiabeTom 2-ro Tvny (T2D) i pakom. PesynbraTu.
PiBeHb iHCYNiHY B KPOBI [JiabeTUUHUX NALlIEHTIB i3 PaKOM MOOYHOT 3a-
7103V Ta eHoMeTpIA OB 3HAYHO BULIMM NOPIBHAHO 3 KOHTPOMEM, ane
He BIAPI3HABCA Bifl KOHTPOJMO B KPOBI AiabeTUYHYIX NaLjieHTiB i3 Kono-
PEKTAIbHVIM PAaKOM | PakoM MiALLTYHKOBOI 3an103W. HanBuLmin piseHb
HCYyNiHYy CnocTepiraBca B KPoBi MauieHTis i3 T2D. Maiixe Taky * Kap-
TUHY CrocTepirani BifHOCHO KoHUeHTpauii IGF-1 y kposi. Gochopu-
nosaHHA S473 B Akt KiHazolo mTORC2 Oyno BULLMM Bify KOHTPOMbHUX
3HaueHb y PBMC nauieHTiB i3 giabetom i pakom MOSIOYHOI 331031 Ta
eHpomeTpid. PiseHb dpocdopunioBaHHa Akt y PBMC y nauierTie i3 aia-
6eTOM | KONOpeKTaNbHUM PakoM Ta Pakom MiALTYHKOBOT 3an103u OyB
HVPKYMM Bif} TAKOTO B KOHTPOMbHMUX KNITMHAX, WO BIANOBIAAE KOHLEH-
Tpaujiam iHcyniHy Ta IGF-1y kpoBi. Aktusauii Akt mTORC2 y PBMC naui-
€HTIB i3 fiabeTom He cnocTepiranocs. Y PBMC nallieHTis i3 pakom i aia-
6eTom He BinbyBanocs aktmalii mTORCT, ane cnocTepirany 3HayHy
0ro akTvBaLito B KniTMHax nauienTis i3 T2D. IMoBipHO, akTvBaLito Akt
mTORC2 He nos'a3aHo 3 axktmsaLielo MTORCT y KAiTMHax nauieHTis i3
T2D. 3HmkeHHs akTvieHocTi MTORCT BigbyBanocsa B KAiTMHAX XBOPUX Ha
niabet 3 ycima [OCnimKyBaHUMM TUNamK paky. MoxHa npunycTTy, Wo
noB'A3aHNi i3 giabetom curHaniyr PI3K/Akt y PBMC, iMmoBipHo, iHTepde-
PYE 3 MexaHi3mMamu nepefadi CUrHanis, NOB'A3aHKX i3 pakom. BigsHaue-
HO BIAMIHHOCTI B OHKONOrYHMX NaUienTiB i3 T2D i pakom MOMOYHOI 3a-
N031/eHAOMETPIA Ta PAKOM NIAWYHKOBOI 3a1031/KULWEYHMKA 3 OrNAdy
Ha BMicT IGF/iHcyniHy B kposi i1 akTvBaLio Akt y PMBC, wo moxHa no-
ACHWTY CneundiuHUM rOPMOHAbHUM TIIOM MEPLUMX ABOX TUMIB PaKy.
BucHoBoK. O6roBOpoETHCA rinoTe3a Woao PeunnpoKHOro ¢ocdopu-
noBaHHa Akt komnnekcammn PDK1 i mTORC2 no T308 i S473 BignosigHo.
KmiouoBi cnoBa: Akt, mTORC1/2, p70S6K1, MOHOHYKneapw nepude-
PUYHOI KPOBI, pak, LlyKpoBwit AiabeT 2-ro Tumny.
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AKTVBALNA KOHEYHBIX NPOTEUHKUHA3 UHCYNMHOBOT 0
CUrHanbHOT0 Kackajia B MOHOHYKNeapHbIX KNeTKax
nepudhepuyecKoil KPoBI NALMEHTOB C AabeTom

I pasnuyHLIMK TUNAMK paKa

T.C. Baueb6a, J1.K. Cokonosa, B.B. Mywkapes, E.W. KoB3yH,
B.M. MNMyuwkapes, b.b. Tyaa, H.[l. TpoHbKo

['Y «<MHCTUTYT SHOOKPUHONOM MM 1 06MeHa BellecTs M. B.I. KomrccapeHko
HAMH YkpauHbi», . Knes

Pesiome

CurHanbHbi nyTe Akt/mTOR/p70S6K1 nrpaeT BaxkHyto posb B Na-
ToreHese paka W avabeta. Makpodar 1 NUMGOUUTHI YUacTBYIOT
B MaToreHe3e AnabeTa, AnMabeTnuecKoro atTepockneposa, Gopmmpo-
BaHWV PE3VNCTEHTHOCTM K MHCYSIMHY, a TakxKe MMMYHHOTO OTBeTa Ha
paK v noaaepaHun onyxonu. Lienblo rccnenosaHyis 6110 13yde-
Hue aktmBaumm Akt/mTOR/p70S6KT B MOHOHYKNEapHbIX KneTkax
nepudepnyeckoit kposw (PBMC) nauneHToB C caxapHbiv AnabeTtom
2-ro Tuna (T2D) v pakom. YpoBeHb MHCYMHA B KDOBM AMabeTnye-
CKMX MaLMEHTOB C PAKOM MOJIOYHOW enesbl U SHAOMEeTPUA Obin
3HAUWTENBbHO Bbile NO CPAaBHEHMIO C KOHTPOMEM, HO He OTInYanca
OT KOHTPONA B KPOBW AMAbeTNYECKNX NMaLMeHTOB C KOopeKTanb-
HbIM PaKOM W PakoM MOLXKenyAoYHOM enesbl. Camblii BbICOKMI
YPOBEHb MHCYNMHa Habnoaanca B KposuM naumeHTos ¢ 12D. Moutn
Takas e KapTiHa Habnoaanach B OTHOWEHMUM KOHLEeHTpauun IGF-1
B Kposu. DocdopunuposaHne S473 B Akt kuHazoit MTORC2 6bino
BblLLE KOHTPOSbHbIX 3HaYeHn y PBMC naumeHToB € arabeTom 1 pa-
KOM MOJIOYHOW Kenesbl. YpoBeHb dochopunuposanmsa Akt 8 PBMC
y MauMeHToB C AvabeToM C KOMopeKTabHbIM PAaKOM ¥ PaKoM Mof-
XKenyaoUHO »ene3bl Obln HUXKE, YEM B KOHTPOSbHbIX KNeTKax, uto
COOTBETCTBYET KOHLIEHTPAUWAM MHCYNMHa 1 IGF-1 B Kposu. AKTuBa-
umm Akt mTORC2 B PBMC naumeHToB ¢ grabeTtom He Habnoganoch.
B PBMC naumeHTOB C pakoMm 1 AMabeTom He MPOVICXOANUT akTBaLUMN
mMTORCT, HO HabOaeTCs 3HaUNTeNbHAsA €r0 aKTUBALMSA B KeTKax
naumneHTos ¢ T2D. BeposTHo, aktvBauma Akt mTORC2 He cBA3aHa
c akmmeaumern mTORC1 B kneTkax nNauveHToB C T12D. CHWkeHve
akTmBHOCTM MTORCT npouncxoamno B Knetkax 6osbHbIX AviabeTom
CO BCEMM M3YYEHHbIMM TMNaMK paka. MOXHO NpeanonoXmTb, YTo
CBA3aHHbIN C avabeTom curHanuHr PISK/Akt 8 PBMC, BeposTHO,
nHTepdeprpyeT C MexaHM3MaMi nepefayrt CUrHanos, CBA3AHHbIX
€ pakom. OTMeYeHbl pasnmuna y OHKONOrMyeckinx naymeHTos ¢ T2D
MEXY PaKOM MOMIOUYHOW Xenesbl/SHAOMETPUA 1 PAaKOM MOAXeNy-
AOYHOW XKenesbl/KUWeYHrKa ¢ yyeTom coaepanna IGF/uHcynmHa
B KpoBW 1 akTvBaumn Akt B PMBC, uto MOXHO 06BACHUTL Crieundu-
UECKMM rOpMOHabHbIM GOHOM MepBbIX ABYX TUMOB Paka. BbiBog,.
ObcyxaaeTcs rvnoTesa KacaTeflbHO PEeLMnpPOKHOro dochopun-
poBaHuna Akt komnnekcammn PDK1T 1 mTORC2 no T308 u S473 coot-
BETCTBEHHO.

KmouesBble cnoBa: Akt, mTORC1/2, p70S6K1, MOHOHYyKneapbl ne-
prdepnUecKor KpoBw, pakK, CaxapHbili AnabeT 2-ro Tuna.
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