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Pesiome. The peripheral blood mononuclear cells (PBMC) mainly includes monocytes and lymphocytes involved in
the development of diabetes mellitus and other autoimmune diseases. Ret/Ras/Raf/MEK/ERK is a signaling cascade
that controls cellular processes such as proliferation, survival, angiogenesis, cell growth and motility. The aim of the
work was to study the activation of the main effector protein kinase of this cascade — ERK1/2 in PBMC of patients
with diabetes and autoimmune (Hashimoto's) thyroiditis. Material and methods. The material of this work was the
blood of healthy subjects, patients with type 2 diabetes, with type 2 diabetes and AlT, with type 2 diabetes and cancer
(papillary thyroid carcinoma), with type 1 diabetes, with type 1 diabetes and AIT. Enzyme-linked immunosorbent assay
kit 85-86012 («Invitrogen», USA) were used to determine the amount of phospho-ERK1/2 (p-Thr202/Thr204, Thr185/
Tyr187, respectively). Results. Patients were divided into 6 groups: 1 — control — healthy subjects, representative
for age and BMI, 2 — patients with type 2 diabetes, 3 — patients with type 2 diabetes and AlT, 4 — patients with
type 2 diabetes and thyroid cancer, 5 — patients with type 1 diabetes, 6 — patients with type 1 diabetes and AlT. It
was shown that activation of ERK1/2 in PBMC of patients with type 2 diabetes and cancer was not observed, while
in patients with type 1 diabetes or autoimmune thyroiditis it increased significantly. However, in patients with type 1
diabetes with autoimmune thyroiditis, the activation of ERK1/2 in PBMC decreased to a control level, which can be
explained by the competition between the two autoimmune processes for common signaling pathways. Conclusion.
In PBMC of patients with autoimmune diseases (type 1 diabetes or AIT), MAPK/ERK cascade is activated.
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Peripheral blood mononuclear cells (PBMC)
mainly include monocytes/macrophages and lym-
phocytes — extremely flexible cells that are in-
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volved in cellular and humoral immunity. In par-
ticular, lymphocytes and macrophages are involved
in pathogenesis of diabetes mellitus and other auto-
immune diseases [1, 2].

Type 1 diabetes (T1D) is an autoimmune dis-
ease, in which pancreatic B-cells are destroyed by
autoreactive T cells and inflammatory processes.
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In type 2 diabetes (T2D) macrophages, T-cells,
B-cells, NK and other immune cell subtypes infil-
trate the metabolic tissues, initiating a low-level
inflammatory process [2].

Autoimmune (Hashimoto’s) thyroiditis (AIT)
is associated with the formation of auto-antibodies,
which appear mostly in the presence of lympho-
cytes in the thyroid. Lymphocytes produce anti-
bodies to thyroid peroxidase, thyroglobulin, and
thyroid-stimulating hormone receptor and other
proteins. AIT is characterized by wide invasion of
the thyroid with lymphocytes and macrophages,
which generates autoreactivity associated with T-
and B-cells [3-5].

Ret/Ras/Raf/MEK/ERK is a signaling cascade
which connects growth factor signals at cell mem-
brane receptors with transcription factors, which
regulate the expression of genes that control pro-
liferation, survival, angiogenesis, cell growth and
motility [6]. This signaling pathway is considered
to be the principal in control of cell division [7]. It
largely determines the functioning of blood cells in
various diseases, including diabetes and its compli-
cations. Therefore, it was important to study the
activity in the PBMC of the main effector protein
kinase of this cascade — ERK1/2.

Material and methods

The study was conducted at the Department of Di-
abetology of the Institute. All patients signed in-
formed consent for the use of biomaterials in further
diagnostic and scientific studies. Immediately after
sampling, the blood was diluted in 2-fold with PBS
(pH 7.4), and PBMC were isolated as described
previously [8]. The collected PBMC were washed
with PBS by centrifugation at 200 g to remove
platelets and frozen at —80 °C until use. To deter-
mine the amount of phospho-ERK1/2 (p-Thr202/
Thr204, Thr185/Tyr187, respectively) kits for en-
zyme immunoassay 85-86012 («Invitrogen», USA)
were used. Cells were lysed in extraction buffer
containing protease and phosphatase inhibitors.
The studies were performed in triplets. The pro-
tein concentration in the lysate was determined us-
ing Novagen (USA) kits (BCA protein assay Kkit).
Measurements were made on a microplate reader
from Bio-tek Instruments (USA) at a wavelength
of 450 nm. The calibration curve (Fig. 1) indicates
a satisfactory agreement of the experimental curve
with the theoretical one and a slight data scatter.
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Fig. 1. Calibration curve for the determination of phospho-

ERK1/2 by enzyme-linked immunosorbent assay:
B — experimental line.

The results of the experiments were presented as
M=m, n=3-13. Student’s ¢-test and one-way ANO-
VA were used to compare the data groups. P values
<0.05 were considered as significant.

Results and discussion

All patients were divided into 6 groups: 1 — control
(n=3) — healthy subjects, representative for age
and BMI, 2 — patients with type 2 diabetes (n=13),
3 — patients with type 2 diabetes and AIT (n=3),
4 — patients with type 2 diabetes and cancer (pap-
illary thyroid carcinoma) (n=4), 5 — patients with
type 1 diabetes (n=7), 6 — patients with type 1 dia-
betes and AIT (n=3).

It can be seen from the table that PBMC mainly
consists of monocytes/macrophages and lympho-
cytes (T-cells, B-cells and NK) [9], which play a
key role in the pathogenesis of T1D and T2D, dia-
betic complications and AIT [2, 4].

Phosphorylation of ERK1 (p44) on the resi-
dues Thr202/Thr204 and ERK2 (p42) on Thr185/
Tyr187, means their activation. We determined the
total phosphorylation of both protein kinases in the
blood cells of the above groups.

Table. Cells that form the basis of human PBMC

Human PBMC composition Percentage of total

Monocytes 10-30%
Lymphocytes 70-90%
AllT cells (CD3+) 45-70%

25-60% of all T cells
5-30% of all T cells

Helper CD4+T cells
Cytotoxic CD8+T cells

B-cells 5-15%
NK cells 5-10%
Dendritic cells 1-2%
Stem cells (CD34+) 0,1-0,2%
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Fig. 2-2 shows that there is no activation of
ERK1/2 in PBMC of patients with T2D compared
with control, whereas in PBMC of patients with T1D
itincreased more than 1.5 times (Fig. 2-5) that may be
associated with the intensity of autoimmune process-
es in type 1 diabetes, in which PBMC are involved.
In patients with T2D and AIT, activation of ERK1,/2
in PBMC increased almost 2-times compared with
control and more than 2 times compared with group 2
(Fig. 2-2 and 2-3). There were no changes in amount
of phosphorylated ERK1/2 in PBMC of patients
with type 2 diabetes and cancer (Fig. 2-4). The most
interesting was the group of patients with T1D and
AIT (Fig. 2-6), where the decrease in protein kinase
activation compared with T1D group (Fig. 2-5) down
to the control level was observed.

Thus, in PBMC of patients with T2D, and with
T2D + cancer (Fig. 2-2 and 2-4), which are charac-
terized by intense infiltration of macrophages and
lymphocytes into metabolic and cancer tissues, we
did not observe activation of proliferative processes.
It is possible that division of these cells may occur
after infiltration. Autoimmune processes character-
istic of patients with T1D or AIT (Fig. 2-3 and 2-5)
cause enhanced ERK1 /2 activation, which is proba-
bly related to increased lymphocytes/macrophages
proliferation and cytokine secretion [10]. The de-
crease of ERK1/2 activation in PBMC of T1D and
AIT patients to the control level may be associated
with the imposition of two unidirectional process-
es on ERK1/2 activation. Activation of ERK1/2
is known to be a prerequisite for cell proliferation,
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Fig. 2. Activation of ERK1/2 in PBMC of patients with diabetes
mellitus and autoimmune thyroiditis: 1 — control (n=3),

2 — type 2 diabetes (n=13), 3 — type 2 diabetes and AlT (n=3),

4 — type 2 diabetes and cancer (n=4), 5 — type 1 diabetes (n=7),
6 — type 1 diabetes and AIT (n=3); M+m;

* — difference from control value is significant, p<0.05;

+ — differences between groups 2 and 3, and 5 and 6 are
significant, p<0.05.

however, its hyperactivation sometimes leads to in-
hibition of the protein kinase through special cell-in-
itiated mechanisms [11-13]. Because both AIT and
T1D are associated with lymphocyte activation, pro-
liferation, infiltration, and antibody formation, it is
possible that the common signaling mechanisms ini-
tiated by pathogenic processes in these diseases com-
pete with each other regarding ERK1,/2 activation.
PBMC are critical components of the immune
system because they form a response to foreign bi-
omaterials entering the human body and to the ex-
isting cells transformed into a tumor type. PBMC
are an extremely sensitive system that responds to
stresses, diseases and other numerous pathological
changes in homeostasis of the body, and the MAPK/
ERK signaling cascade plays an important role in
these reactions [14-18]. Researchers and clinicians
use PBMC in areas relating to immunology, infec-
tious disease, hematological malignancies, transplant
therapy, personalized medicine, and toxicology.

Conclusion

Therefore, studying key signaling pathways in
blood mononuclear cells may be important for dise-
ase diagnosis, prognosis, and evaluation of treat-
ment efficacy.
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AKTuBaUIA KiHA3W, LLO PEryNHETLCA
no3akniTuHHumu curvanamu-1/2 (ERK1/2),
y MOHOHYKNeapax KpoBi NIOAMHK 33 fiabeTy
Ta aBTOIMYHHOI O TUPEOIANTY

B.B. NMywkapbos, J1.K. Cokonosa, O.l. KoB3yH,
C.A. YepssakoBa, T.C. Baye6a, B.M. MNywkKapbos,
M.[. TpoHbKO

LY «IHCTUTYT eHAaoKpUHONOrii Ta 0O6MiHY peyoBKH im. B.IN. KomicapeHka
HAMH Ykpainu»

Pestome. [l0 cknagly MOHOHYKNeapHUX KNiTUH neprdepryHoi KpoBi
(PBMC) B OCHOBHOMY BXOAATb MOHOLMTK i NiMbOUMTY, siki GepyTb yuacTb
y po3BUTKY LyKposoro fiabety (L), Ta iHWwMX aBTOIMYHHMX 33aXBOpIO-
BaHb. Ret/Ras/Raf/MEK/ERK € curHanbHVMM KackafioM, AKUA KOHTPOSIOE
TaKi KNITUHHI Npoueck, AK nponidepallis, BUKMBAHHS, aHrioreHes, pict
i pyxAmBICTb KNiTvH. MeTotro poboTu 6yno focnigxeHHs akTvsavii 8 PBMC
ronoBHol edeKTOpHOI NPOTeiHKIHA3M Lboro kackany — ERK1/2. MaTepian
i merogu. Matepianom pobotn Byna KPOB 3A0POBKIX OCIO, MaLEHTIB i3
Jiabetom 2-ro Tvny, 3 Aiabetom 2-ro TUry 1 aBTOIMyHHUM TUPEOIAUTOM
(AIT), i3 giabeToM 2-r0 TMY Ta PaKOM WWTOMOAIOHOT 33103, i3 fiabeTom 1-ro
TNy, i3 giabetom 1-ro Tvny 1 AIT. [InA BI3HaueHHs KinbkocTi docho-ERK1/2
(¢-Thr202/Thr204 i Thr185/Tyr187 BianoBsiaHoO) BYKOPUCTOBYBanM Habopu
AnA iMyHodepmMeHTHOro aHanisy 85-86012 («Invitrogen», CLLIA). Pesynbra-
TI. MNauieHTiB po3nominmn Ha 6 rpyn: T — KOHTPONb — 300POBI 0CobY,
penpe3eHTaTuBHi 3a Bikom Ta IMT, 2 — nauieHTn 3 giabetom 2-ro TNy,
3 — nauieHTn 3 fiabetom 2-ro Tuny i AlT, 4 — naujieHTn 3 giabetom 2-ro
TUMY Ta PaKOM LLMTONOAIOHOT 331031, 5 — NauieHTV 3 Aiabetom 1-ro Tvny,
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6 — nauieHTv 3 giabetom 1-ro Tuny i AlT. [oka3saHo, Wwo akTvealii ERK1/2
y PBMC xBopux Ha fiabet 2-ro T1my Ta pak He CnocTepiranocs, Tofi Ak
Y XBOPWIX Ha AiabeT 1-ro Tny abo 3 AlT BOHa CyTTEBO 3pocTana. HatomicTb
y xBopux Ha fiabet 1-ro Tuny 3 AT akTvieauia ERK1/2 y PBMC 3HuxyBa-
nacA O KOHTPOJIBHOIO PIBHS, LLO MOMHA MOACHUTU KOHKYPEHLIEID MK
[IBOMa aBTOIMYHHV MW MPOLeCamiA 3a CMifbHi CUrHanbHI Wnaxy. BucHo-
BOK. Y MaLliEHTIB 3 aBTOIMYHHVMI 3aXBOPOBaHHAMM (iabeT 1-ro Tviny abo
AIT) y PBMC Bin6yBaeTbca aktuBaLlis MAPK/ERK-kackagy.

KniouoBi cnoBa: MOHOHyKNeapHi KNiTMHW nepudepnyHoi Kposi,
KiHa3a, WO perymnioeTbca No3akNiTUHHUMK CUrHanamv-1/2, giabet 1-ro
Ta 2-fO TUNIB, pPak, aBTOIMyHHWI TUPEOIANT.

AKTMBAUMA pPerynupyemoii BHeKNETOUYHbIMY
curHanamu kuuasel-1/2 (ERK1/2)

B MOHOHYKNeapax KpoBu YenoBexa npu auabere
N ayTOUMMYHHOM TpeonanTe

B.B. Nywkapes, J1.K. Cokonosa, E.N. KoB3yH,
C.A. Yepssakosa, T.C. Baye6a, B.M. Mywkapes,
H.A. TpoHbKO

'Y «</IHCTUTYT SHAOKPMHONOTMKM 1 0BMeHa BelecTs um. B.MN. KomrccapeHko
HAMH YkpaunHbl», Knes.

Pe3tome. B coCTaB MOHOHYKMEapHbIX KMETOK Mepudeprueckoin Kposw
(PBMC) B 0OCHOBHOM BXOAAT MOHOLTSI V1 AIMMQOLIMTSI, Y4acTBYIOLLME B pa3-
BUTMM CaxapHOTo AviabeTa 1 ApYrvix ayTouMMyHHbIX 3abonesaHuit. Ret/Ras/
Raf/MEK/ERK ABnseTcA cvrHanbHbM KacKazioM, KOTOPbIA KOHTROMMpYeT
TaKue KNeToUHble MPOLEeCCh], Kak MponmdepaLys, BbhKVBaHUE, aHMOreHes3,
POCT 1 MOABWKHOCTb KneTok. Lienbro paboThl Obio MCCenoBaHMe aKkTvi-
BaLm B PBMC rnaBHOM 3dpGeKTopHOM NpoTerHKIHa3bl 3TOrO Kackaaa —
ERK1/2. MaTtepuan n metoabl. Matepranom paboTbl Obina KpoBb 300POBbIX
ML, NaLMeHToB ¢ AnabeTom 2-ro Tvina, ArabeTom 2-ro TVMa v ayToUMyHHbIM
TnpeonanTtom (AMT), C AnabeTom 2-ro TMNa 1 PAKOM LLMTOBUAHOM ene3bl,
¢ amabetom 1-ro T1na, ¢ Avabetom 1-ro Tina v AMT. [Ina onpeaeneHmns Ko-
nnyectea Gocdo-ERK1/2 (d-Thr202/Thr204 v Thr185/Tyr187 cootBeTCTBEH-
HO) WCMONb30BanM Habopbl A8 UMMYHODEPMEHTHOMO aHanM3a 85-86012
(«Invitrogen», CLLA). Pe3ynbratbl. [1aLpeHToB pacnpefenin Ha 6 rpynm:
1 — KOHTPONb — 3[40POBble MWL, PENPE3eHTaTVBHbIE N0 BO3PaCTy 1 MIMT,
2 — MauyeHTbl C AMabeTom 2-ro TMna, 3 — NaLmeHTbl C AnabeTom 2-ro Tvna
1 AT, 4 — naumeHTbl C AnabeToM 2-T0 TUMa U PAKOM LLMTOBIIHOM XKenes3bl,
5 — nauveHTsl ¢ ArabeTom 1-ro Tvina, 6 — naumeHTbl C Arabetom 1-ro Tvna
1 AT, MokasaHo, uto akTvisaLmm ERK1/2 8 PBMC 6osbHbix Avabetom 2-ro
TMNa ¥ PakomM He Habmofanoch, Tora Kak Yy 6obHbIX Avabetom 1-ro Tna
unn AUT oHa cyllecTBeHHO Bo3pacTana. OfHaKo y 60mbHbIX Avabetom 1-ro
Mna ¢ AUT aktvsauwma ERK1/2 8 PBMC cHwanach A0 KOHTPOABLHOTO YPOB-
HA, UTO MOXHO OOBACHWTD KOHKYPEHLMEN Mexy ABYMA ayTOUMMYHHbIMM
npoLeccamy 3a oblime cvrHanbHble nyTy. BoiBog. Y naumeHToB C ayTo-
YIMMYHHBIMI 3ab0neBaHMAMM (frabeTom 1-ro Tuna unm AUT) 8 PBMC npo-
nexoauT aktvgauma MAPK/ERK-kackaga.

KnioueBble cnoBa: MOHOHYKfeapHble KneTkn neprdepryeckon
KPOBW, perynmpyemas BHEKIETOUHbIMU CUrHaMaMu KinHasa-1/2, anabet
1-ro v 2-ro TMNOB, Pak, ay TOUMMYHHbIA TUPEOWANT.





