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We studied the expression and activation of the main effector protein kinase of phosphatidylinositol-
3-kinase cascade (PI3K) — Akt in conventionally normal tissues, benign and highly differentiated (with and
without metastases) human thyroid tumors. There was a difference in the Aktl amount in tumor tissue com-
pared with normal tissue in papillary carcinomas and tissue of multinodular goiter. Akt expression both in
tumor and conventionally normal tissues of follicular adenoma was significantly lower than in follicular car-
cinoma. The lowest level of Akt expression was observed in tissues of multinodular goiter. Total activity of all
three isoforms of Akt1/2/3 was lower in tumors compared to conventionally normal tissue. Thus, Akt activity
(according to Thr308 phosphorylation) is not associated with proliferative processes in the tumor tissue of
the thyroid. Apoptosis level detected in these tissues was not associated with the protein kinase activity either.
Possible mechanisms of signaling cascade PI3K/Akt inhibition in thyroid tumors are discussed.

Key words: thyroid gland, benign and malignant tumors, signaling cascade PI3K/Akt.

roliferative processes in tumor cells are con-
P trolled by two main pathways: PI3K/Akt and

mitogen-activated protein kinases (MAPK).
The latter actually regulates cell division. PI3K/Akt
prepares a cell for division.

Akt, also known as protein kinase B (PKB),
belongs to a family that combines protein kinases C,
cAMP-dependent and cGMP-dependent kinases.
The gene encoding Akt was identified as a part of
the genome of the murine leukemia transforming vi-
rus (v-akt murine thymoma viral oncogene homolog)
in 1977 and classified as an oncogene. The man's Akt
family includes three evolutionarily conserved iso-
forms: Aktl (including 3 splicing variants), Akt2
and Akt3 (2 splicing variants). Akt isoforms play
a key role in various cellular processes including
apoptosis, growth, proliferation, polarity, migration,
DNA repair, glucose transport, metabolism, skeletal
muscle and cardiomyocytes contractility, angiogene-
sis and self-renewal of stem cells. Dysregulation of
Akt activity is associated with malignant transfor-
mation of cells, cardiovascular disease, type 2 dia-
betes, muscular hypotrophy and neurodegenerative
diseases [1].
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Signaling cascade PI3K/PDK/Akt is involved
in the regulation of protein synthesis and cell ener-
gy supply, i.e. in preparation of a cell for mitosis.
Moreover, this signaling cascade inhibits apoptosis,
promotes the survival of tumor cells and is activated
in many types of cancer [2]. Furthermore, mutations
and amplification of individual components of PI3K/
Akt pathway causes malignant transformation of
cells of different origins, including thyroid [3], while
inhibiting the cascade with specific inhibitors en-
hances the therapeutic effect of anticancer drugs [4].
Akt activity is mainly regulated through phospho-
rylation of Thr308 and Ser473 amino acid residues
by PDK1 and mTORC?2 kinases, respectively.

A significant increase of proliferating cell nu-
clear antigen (PCNA) in thyroid tumors, especially
in aggressive tumors with metastases, indicating a
substantial increase of proliferative processes was
demonstrated previously [5]. The aim of our work
was to ascertain the expression and activation pecu-
liarities of Akt as the phosphatidylinositol-3-kinase
cascade main effector kinase, and the apoptosis level
in human thyroid normal tissues, benign and malig-
nant tumors.
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Materials and Methods

The study was conducted on patient’s postope-
rative material obtained in the surgical department
of the Institute. All patients signed informed consent
before surgery to the use of the postoperative ma-
terial for research. As conventionally normal tissue
unaltered thyroid tissue was taken, which by mor-
phological criteria did not differ from normal. After
removal thyroid tissue was immediately placed on
ice and quickly frozen at -80°C.

To determine Aktl and phospho-Aktl/2/3
(phospho-Thr308) in thyroid homogenates Abcam
(UK) ELISA kits ab176658 were used. To determine
cleaved PARP ELISA kits abl119690 of the same
company were used. Measurements were performed
on microplate reader of Bio-tek Instruments (USA)
at a wavelength of 450 nm. The study was performed
in 3 replications. The number of transformed tissue
samples was 3 (follicular carcinoma and multinodu-
lar goiter) and 6 (follicular adenoma, encapsulated
tumor papillary carcinoma and non-encapsulated tu-
mor papillary carcinoma). Tissue was homogenized
in a Retsch TissueLyser II homogenizer (Germany)
in a special kit provided buffer that prevents proteins
degradation and dephosphorylation. Protein concen-
tration in the lysate was determined with a Novagen
(USA) BCA protein assay kit.

The experiments results were presented as
M + m; n = 3-6. t-Student test was used to compare
these data groups.

Results and Discussion

Table 1 shows that there is a fairly high level
of Akt expression in all studied tissues, both normal
and tumoral. The content of Aktl in conventional-
ly normal and tumor tissue of follicular carcinoma
(FTC) and follicular adenoma (FA) did not differ
significantly, in contrast to papillary carcinomas
(PTC) and goiter (MNG), where the level of kinase
in tumor tissue exceeded the one in conventionally
normal tissue almost 2 times (Table 1). It should be
noted that Akt expression both in tumor and conven-
tionally normal tissues of FA was significantly lower
than in FTC tissues. The lowest level of Akt expres-
sion we observed in multinodular goiter (Table 1).

It is known that disruption of the PI3K/Akt
pathway as a result of Ras, PTEN, PIK3CA genes
mutations and amplifications is one of the reasons
for thyroid papillary carcinoma genesis [3], although
RET gene rearrangements and mutations in genes

Table 1. Aktl expression in different types of thy-
roid tumors

ol e | Transtormed

(OD) tissue (OD)

FTC 0.360 + 0.042 0.335 £ 0.048
FA 0.221 +0.032 0.182 £ 0.073
iPTC 0.198 +£0.013 0.327 £ 0.072*
nPTC 0.228 £ 0.004 0.416 + 0.146%*
MNG 0.092 + 0.006 0.159 + 0.026*

Note. In the table and further figures: FTC — follicular
carcinoma, FA — follicular adenoma, iPTC — papillary
carcinoma (encapsulated tumors), nPTC — papillary car-
cinoma (non-encapsulated tumors), MNG — multinodular
goiter. OD — optical density at 450 nm per mg of protein,
M £+ m; n =3 (FTC, MNG) and 6 (FA, iPTC, nPTC);
* difference between conventionally normal and tumor
tissues is significant, P < 0.05

encoding the protein kinases of MAPK cascade are
more typical of this type of cancer. It is harder to
explain the lack of difference in the Aktl expression
in follicular carcinomas compared to the normal tis-
sue, since PI3K catalytic subunit — PIK3CA — gene
activating amplification and mutations are found
more often in the FTC — 10-15 and 24% of cases,
respectively [3].

A different picture was observed regarding
Aktl1/2/3 activation (Fig. 1). The level of phospho-
Akt in conventionally normal tissue of all tumors
was considerably higher (almost 8.5 times for the
FTC and more than 18 times for nPTC) than in tu-
mor tissue, and was practically absent in encapsu-
lated papillary carcinomas (Fig. 1). Thus, contrary to
expectations, the Akt activity in papillary and folli-
cular carcinomas and follicular adenomas was either
absent or substantially suppressed, indicating a lack
of link between the protein kinase activation by the
PI3K/PDK-1 pathway (phosphorylation of Thr308
residue) and enhanced proliferative processes in thy-
roid tumors, which we observed in the same samples
previously [5].

It was established that in tumor tissues Akt
suppresses apoptosis by inhibiting caspase-9, pro-
apoptotic protein Bad, FKHR and FOHO transcrip-
tion factors; affects the activity of cell cycle inhibi-
tors p21, p27, Gsk-3p protein kinase and the state
of Mdm2 — a tumor suppressor p53 regulator — that
generally causes cell cycle dysregulation and un-
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Fig. 1. Aktl/2/3 activity in different types of thyroid
tumors in conventional units. Data normalized with
regard to total Akt amount. *Difference between
conventionally normal and tumor tissues is signifi-
cant, P < 0.05

controlled proliferation; activates IKK and NF-xB-
dependent signaling pathway, promoting tumor cell
survival, angiogenesis and metastasis formation;
increases tumor growth through mTOR activation
[2, 6]. Furthermore, excessive Akt activation leads
to tumor resistance to radiation and chemotherapy
[7, 8]. Therefore, we determined the apoptosis level
by cleaved PARP larger fragment (89 kDa) amount,
which is characteristic for apoptotic responses. Fig. 2
shows that the PARP fragment amount in papillary
carcinomas and goiter doesn’t differ significantly
from conventionally normal tissue. In follicular car-
cinoma samples cleaved PARP amount is higher, and
in follicular adenoma samples it is lower compared
to conventionally normal thyroid tissue.

It was expected that increased Akt activity/con-
tent would lead to apoptosis intensity reduction and
vice versa. However, increased amount of cleaved
PARP against reduced kinase activity was observed
only in follicular adenoma tissue (Fig. 2). Thus, Akt
content and activity are not related to the apoptosis
level in the studied tissues.

The fact of considerable kinase activity inhi-
bition in thyroid carcinomas deserves special atten-
tion. A possible explanation for this are data indi-
cating that Akt might participate in the replicative
senescence of normal and tumor cells [9-12], a phe-
nomenon, that along with apoptosis inhibits tumor
growth. In addition, Akt can stimulate apoptosis [13]
and inhibit the breast cancer cells migration [14].
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Fig. 2. Cleaved PARP (89 kDa) amount in different
types of thyroid tumors. *Difference between con-
ventionally normal and tumor tissues is significant,
P<0.05

Cell cycle regulator (inhibitor of cyclin-de-
pendent kinases) p21VA™! is phosphorylated only by
Aktl, that negatively regulates the cell cycle and
proliferation [14]. Thus, under certain conditions
Akt may show anti-proliferative and cancerostatic
properties. This phenomenon was first demonstrated
regarding MAPK and was named oncogene toxicity.
It was shown that although Ras and Raf oncogenes
are often involved in malignant transformation of
thyroid cells, constitutive activation of this cascade
in tumor tissues leads to growth arrest and senes-
cence in many cases [15-18]. For example activated
Ras or c-Raf-1 cause cell growth arrest by producing
and secreting autocrine/paracrine factor LIF (leuke-
mia inhibiting factor) in human medullary thyroid
carcinoma cells [15]. Sustained activation of Raf/
MEK/ERK signaling pathway causes growth arrest,
accompanied by corresponding cell cycle regula-
tors states changes (pRB dephosphorylation, E2F1
down-regulation and p21VAf! up-regulation), specific
changes in cells morphology and c-Myc or RET ex-
pression in LNCaP, U251, and TT human tumor lines
(the latter - medullary thyroid carcinoma) [17].

Cancer cells induce special protective mecha-
nisms, such as the heat shock protein mortalin syn-
thesis [19], which inhibits MAPK expression and ac-
tivation and thus protects cells from aging, growth
arrest and apoptosis. Therefore, it is possible that, as
is the case with MAPK [5, 16, 17, 19], thyroid tumor
cells initiate special defense mechanisms that inhibit
Akt activation and thus protect themselves against
oncogene toxicity — senescence and cell cycle arrest.
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Another question that arises in the analysis of
the obtained data is how a tumor cell replaces inac-
tive Akt — one of the major protein kinases that con-
trol growth, energetics and cell division. The likely
answer is contained in the works that suggest Akt
replacement by other protein kinases in PI3K signa-
ling pathway, including Sgk3 (serum/glucocorticoid
regulated kinase) [20].

There is also the possibility of alternative Akt
activation through Ser473 residue phosphorylation
of mTORC2 and DNA-PK protein kinases comple-
xes. However, it is known that such phosphorylation
stimulates full Akt activity and, consequently, sup-
presses apoptosis by inhibiting FOXO proapoptotic
protein family [21], which we have not observed in
most thyroid tumors (Fig. 2). In addition, a number
of protein kinases that are involved in oncogenesis,
activate Akt, phosphorylating other amino acid resi-
dues of the kinase. Thus, Ackl (TNK?2) phosphoryla-
tes Tyrl76 residue; Src and RTK6 — Tyr215, Tyr315
and Tyr326; TBK1 (TANK-binding kinase 1) —
Thr195, Ser378, Serd73 [22].

Thus, our findings indicate that Akt activity
(by Thr308 phosphorylation) is not associated with
thyroid tumor tissue proliferative processes. Apopto-
sis level, which was determined in the same tissues,
does not correlate with the protein kinase activity
either.

AKTUBHICTb NIPOTEIHKIHA3H Akt
Y NYXJIMHAX U TONOAIBHOI
3AJI03U JIIOAUHU
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BuBuanu ekcripecito Ta aKTHBAIiI0 T'OJOBHOT
edexTopHoi MpoTeiHKiHa3u PodaTHANTIHOZUTON-3 -
kinaszHoro kackany (PI3K) — Akt B HopMaJIbHUX TKa-
HUHaX, JOOPOSKICHUX Ta BUCOKOU(EepeHITI HOBAaHUX
3nmosIKicHUX (i3 MeractazamMu Ta 0e3) MyXJIWHaX
HIUTONOMIOHOT 3ayo3u  JiroauHu.  CrocTepirain
BimMiHHOCTI momo BMmicty Aktl y myxnuHHIHA
TKaHWHI TIOPIBHSIHO 3 HOPMAJIbHUMHU TKAaHUHAMH B
ManUISIPHAX KaplIMHOMAaX Ta y TKaHWHI 0aratoBy3-
noBoro 300y. Excripecist Akt sik y myXJiMHax, Tak
1 B yMOBHO HOpMallbHill TKaHWHI (ONIKYISIpHOI

aZcHOMHM Oyja BIpOTiHO HHUXK4Ye, HIXK Yy TKa-
HUHAX QOMKYyIsApHOI KapuumHOMH. HalHwKuni
piBeHb ekcmpecii Akt crocrepiraium B TKaHHWHAaX
OaraToBy3oBoro 300y. CymapHa akTHBHICTh BCiX
Tpbox i30popm Aktl/2/3 Oyna HMKYOIO B MyXJIH-
HaX TMOPIBHSHO 3 HOPMAJbHOIO TKAaHWUHOIO. Takum
yuHOM, akTuBHICTH Akt (3a dochopuinyBaHHIM
Thr308) He nop’13aHa i3 mposihepaTUBHUMHU MPO-
1ecaMu B NMyXJIUHHIA TKaHWHI NIUTONOIOHOT 3a-
no3u. PiBeHb amonrTo3y, sIKHH BH3Ha4YaBCsS B IUX
caMHX TKaHWHaX, TAKOXK HE KOPEJIOE 3 aKTUBHICTIO
IPOTETHKIHA3H. OOroBopIOIOTHCS MOYKJIHBI
MEXaHi3MHU MPUTHIYEHHSI aKTHBHOCT1 CUTHAJIEHOTO
kackany PI3K/Akt y myxauHax mmuTomnomaioHoi 3a-
JO3H.

KnrmoyoBi cunoBa: mMMUTONOAIOHA 3a5103a,
JOOPOSIKICHI Ta 3JIOSIKICHI ITYXJIMHU, CUTHAJIBHUHN
kackan PI3K/Akt.

AKTUBHOCTbB IPOTEMHKHWHA3bI
Akt B OITYXOJIAX HATOBU IHOM
KEJE3bI YEJIOBEKA
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W3ydanu  3KcOpeccMld W AKTUBALUIO
TJIABHOM 3¢ deKTopHOI IIPOTEUHKHUHA3BI
(hochaTAMITMHO3UTOJI-3-KHUHA3HOTO Kackasa

(PI3K) — Akt B HOpMaJIBHBIX TKaHSX, T0OpoKaye-
CTBEHHBIX W BBICOKOIU(PPEPEHIIUPOBAHHBIX 3JI0-
KaueCTBEHHBIX (C MeTacTazamMu U 0€3) OIIyXOJsX
IIMTOBUJIHOW jKeJe3bl yenoBeka. Habmomanu pas-
audus B kojuuectBe Aktl B omyxosieBod TKaHH 110
CpPaBHEHMIO C HOPMaJIbHBIMHU TKaHSAMHU B MAMTUILISAP-
HBIX KapIIMHOMaxX M B TKaHW MHOT0Y3JIOBOTO 300a.
Okcnpeccust Akt Kak B OIMyXoJid, Tak U B YCIOBHO
HOpPMaJbHON TKaHW (OJUTUKYISPHON aJ€HOMBI
ObLTa TOCTOBEPHO HUKE, YeM B TKaHAX (DOJITHKY-
nspHON KapruHOMBI. CaMbIil HU3KUH YPOBEHb 3KC-
npeccun Akt HabmroaMH B TKAHSAX MHOTOY3JI0BOTO
300a. CyMMapHasi akTHBHOCTb BCEX TpeX H30(popM
Akt1/2/3 Obla HUXKE B OMYXOJISX IO CPABHEHUIO C
HOpMaJIbHOM TKaHbI0. TakuM 00pa3oM, aKTUBHOCTD
Akt (mo dochopunuposanuto Thr308) He cBszana
¢ npoiudepaTHBHBIMHU MPOIECCAMHU B OITYXOJICBOU
TKaHU IIMTOBUJIHOM ’KeJe3bl. YPOBEHb aroITosa,
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KOTOPBIA OMpPENEesiCs B ATUX K€ TKAHAX, TaKXKe
HE KOPpEeIUpPYeT C aKTUBHOCTBIO MMPOTEHHKHWHA3BI.
OO06CyxaaroTcss BO3MOXKHBIC MEXaHH3MBI I0/IaBJIC-
HUS aKTUBHOCTHU cUrHanbHOro kackana PI3K/Akt B
OITYXOJISIX IIIUTOBHUTHOM YKEIIC3HI.

KnwoueBrie crmoBa: MU TOBHUIHAA XKCJIC34,

J0OPOKAYECTBEHHBIC U 3JI0KAY€CTBEHHBIE OIYXOJIH,
curanbubiii kackan PI3K/Akt.
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