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ABSTRACT

Aim. To evaluate the prognostic value of pAKT1 expression by tumor cells in patients with diffuse large B-cell
lymphoma.

Materials and methods. The study included 90 patients with newly diagnosed diffuse large B-cell lymphoma
(DLBCL), who were treated at the clinic of Kirov Research Institute of Hematology and Blood Transfusion
from 2014 to 2017 and received standard first-line polychemotherapy according to the R-CHOP regimen. Using
immunohistochemical and morphometric methods, the relative number of tumor cells expressing pAKT1 was
determined. Using the two-sided Fisher’s exact test, the relationship of different levels of marker expression with
clinical and laboratory parameters of patients and long-term treatment results was analyzed. The impact of pAKT1
on the risk of an adverse event was assessed using the Cox regression analysis.

Results. Overexpression of pAKT1 is associated with unfavorable clinical characteristics of patients with DLBCL,
excessive expression of the BCL2 and c-Myc oncoproteins, as well as with low rates of overall and progressive
survival. Overexpression of pAKT1 is an independent prognostic factor and statistically significantly affects the
risk of an adverse outcome in DLBCL.

Conclusion. The degree of pAKT1 expression is an informative criterion that allows to predict the course of diffuse
large B-cell lymphoma. It is advisable to use the indicated marker when stratifying patients into risk groups.
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3HauyeHue s3Kkcnpeccumn pAKT1 npu andPpysHoi B-kpynHokieTouHou aimmpome

BaHeeBa E.B., PocuH B.A., ibsakoHoB [1.A., JlyunHuH A.C., CamapuHa C.B., Kouetos H.J1.

Kuposckuii nayuno-uccinedogamenvckull uHcmumym 2emamono2uu u nepeausanusi kposu (KHUUT ulIK)
Poccus, 610027, . Kupos, yn. Kpacrhoapmeitickas, 72

PE3IOME

Hens — onenuTh npornocrideckoe 3HadeHune sxcrpeccu pAKT] omyxoneBsIMu KieTKaMu y OONBHBIX auddys3-
HOU B-KpymHOKIETOUHOH THMM(OMOIA.

Matepuajbl 1 MeToabl. B nccnenosanue BkioueHs! 90 MalMeHTOB C BIIEPBbIE ANArHOCTHPOBAHHOM A dy3HOM
B-xpynuaoknerounoii mumdonmoit (ABKKII), nHabmogasumecs B knuHuke nHCTUTYTa ¢ 2014 1o 2017 r. u momy-
YaBIIKE CTaHAAPTHYIO NONUXUMHOTEpanuio nepBoit auauM 1mno cxeme R-CHOP. C nomoIpio IMMyHOTHCTOXUMH-
YECKOr0 U MOP(QOMETPUIECKOTO METOAOB OMPEAETICHO OTHOCUTEIBHOE KOJIMYECTBO 3Kcmpeccupyrommx pAKT1
OITyXOJIEBBIX KIeTOK. C MOMOIIBIO TOYHOTO ABYXCTOPOHHETO KpHTepHs Duiiepa mpoaHaIu3upoBaHa B3aUMOCBA3b
Pa3IHYHBIX YPOBHEH 3KCIPECCHH MapKepa ¢ KIMHUKO-Ia00paTOPHBIMU MOKA3aTeNsIMU MAI[IEHTOB U OTAAJICHHBI-
MU pe3yabraTamu JedeHus. Onenky BnustHus pAKT1 Ha puck HacTyuieHUs! HeOIArOMPUATHOTO COOBITHS ITPOBO-
JIUIIH C IOMOIIBIO PerpeccHoHHoro ananusa Kokca.

PesyabTatsel. ['unepskcnpeccus pAKT1 acconuupoBaHa ¢ HeOnaronpusATHBIMU KIMHUYECKUMH XapaKTePUCTUKA-
MU 60JBHBIX T y3HOIT B-kpynHOKIeTOUHON THM(bOMOIL, M30BITOUHOIT AKCcIpeccuel onkobenkoB BCL2, cMyc,
a TaK)Ke HU3KMMH MOoKa3aresisiMu obleid u GecriporpeccuBHoi BeokuBaeMoctH. ['nnepakcnpeccust pAKT1 siBns-
€TCsl He3aBUCHMBIM (haKTOPOM MPOTHO3a U CTATUCTUYECKH 3HAUMMO BIIMSIET HA PUCK BOBHHUKHOBEHHS HEOJIaronpu-
arHoro ucxoxa npu JIBKKJIL

3axaouenne. Crenens skcnpeccun pAKT1 siBisieTcs HHGOPMATHBHEIM KPHTEPHEM, TTO3BOJITIOIINM IIPOTHO3H-
poBats Teuenne nuddys3Hoi B-kpymHokIeTOUHOI MMMpOMBL. YKa3aHHBINH MapKep IeIecoo0pa3Ho UCIIONb30BaTh
IIPU CTPaTU(GUKAINY TAMEHTOB Ha TPYIIIIBI PHCKA.

KuroueBrle ciroBa: nuddysnas B-kpynaokierounas muMpoma, pAKT1, runepakcnpeccusi, BEBDKHBaeMOCTb, OHO-
MapKep.

KoHduuKT HHTEpecoB. ABTOPHI ACKIAPUPYIOT OTCYTCTBHE SBHBIX M IOTCHIMATIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKanKeil HaCTOSIIEeH CTaThH.

Hcrounuk ¢punancuposanusi. Pabora BeimonHeHa npu ¢punancosoii nogaepxke KHUUTuIIK ®MBA Poccuu.

CooTBeTcTBHE MPUHIIMIIAM dTHKH. Bce manueHTs! moamucam HHGOPMHPOBAHHOE COTJIACHE HA YYaCTHE B HC-
cienoBanuu. MccnenoBanue o100peHo tokanbHbIM dTHdeckuM komutetoM KHUUTUIIK ®MBA Poccun (poto-
koxt Ne 48 ot 10.12.2019).

Jast nmtupoBanusi: Baneesa E.B., Pocun B.A., IpsixonoB JI.A., Jlyunnun A.C., Camapuna C.B., Kouyeros H.JI.
3nauenue skcnpeccunt pAKT1 npu nuddysnoii B-kpynHokierounoit mumbome. bwoanemens cubupckoi meouyu-
not. 2021; 20 (3): 13-20. https://doi.org/10.20538/1682-0363-2021-3-13-20.

INTRODUCTION

Diffuse large B-cell lymphoma (DLBCL) is
known as the most common type of lymphoid neo-
plasia in adults. On average, it accounts for 40% of
all non-Hodgkin lymphomas, varying slightly across
geographic regions. The disease is characterized
by high biological and clinical heterogeneity, rapid
tumor growth, and early extranodal lesions
[1-3].

Standard treatment for common variants of DL-
BCL is first-line polychemotherapy according to the

R-CHOP regimen (rituximab, cyclophosphamide,
doxorubicin, vincristine, prednisolone). It provides
good overall survival (OS) and progression-free sur-
vival (PFS). However, the disease is refractory in
more than one-third of patients [4, 5].

The International Prognostic Index (IPI) and
age-adjusted International Prognostic Index (aalPI)
are used as the main tools for assessing individual risk
of early disease progression. These indices are quite
successfully used in clinical practice, but in some
cases, they do not allow to accurately determine the
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prognosis of the disease, since they mainly rely on the
clinical characteristics of patients and do not take into
account aspects related to biology of neoplastic cells
[4,6,7].

It was found that molecular and biological char-
acteristics of the tumor can influence the course of
DLBCL and play an important role in the onset of
unfavorable outcomes. Thus, based on the gene ex-
pression profiling (GEP), the main molecular sub-
groups of DLBCL (ABC and GCB) were identified.
These subgroups to a large extent correlate with the
disease prognosis when using standard chemotherapy
regimens [2, 8]. Unfortunately, integration of GEP
in clinical practice is limited due to its technologi-
cal complexity and high cost. Surrogate markers in
immunohistochemical analysis determined using
various algorithms do not fully correlate with GEP,
which reduces the accuracy of obtained prognostic
information [9]. Therefore, search for other informa-
tive molecular and biological predictors of the disease
course remains relevant [4].

In recent years, much attention has been paid to
studying various signaling pathways involved in the
pathogenesis of DLBCL. One of them is the PI3K /
AKT / mTOR pathway, which has crosstalk with
many other oncogenic signaling pathways and medi-
ates a wide range of cellular functions, including pro-
liferation, apoptosis, metabolism, and angiogenesis
[10]. The main components of this signaling pathway
are phosphoinositide 3-kinase (PI3K), AKT1 serine
/ threonine kinase, and the mTOR protein. The most
important of them is the AKT1 enzyme, a key regula-
tory protein of this pathway.

Intact AKT1 is located in the cytoplasm of the cell.
The pathway is activated by binding of a ligand to a
cellular receptor and subsequent initiation of an enzy-
matic cascade of phosphorylation reactions. As a re-
sult, a complex of phospholipids is formed on the cell
membrane, the most important of which being PIP,
(phosphatidylinositol-3-4-5-triphosphate). It binds to
the N-terminal domain of AKT1 and recruits it to the
cytoplasmic membrane. Here, the protein kinase is
activated (pAKT1) in the catalytic and hydrophobic
domains through sequential interaction with PDK1 /
2 (3-phosphoinositide-dependent protein kinase-1, 2)
and mTOR. Then it leaves the membrane and moves
to the cytoplasm and the cell nucleus. In normal con-
ditions, protein phosphorylation is a temporary and
strictly controlled process [11].

According to foreign studies, the PI3K / AKT /
mTOR signaling pathway is constitutively activated

in 25-50% of DLBCL cases [12]. This contributes to
a rise in the level of intracellular signaling and an in-
crease in the survival rate and proliferation of tumor
cells and is accompanied by tumor resistance to stan-
dard chemotherapy and high incidence of relapses. It
was shown that this pathway can activate the nucle-
ar factor-kappa B (NF-kB), triggering the oncogenic
JAK / STAT signaling pathway. This enhances ex-
pression of apoptosis inhibitors (survivin and TIMP1)
and promotes the development of immortality of tu-
mor cells [8, 10].

There is evidence that an increased level of pACT1
indirectly affects tumor resistance to chemotherapy
through negative regulation of the activity of transport
proteins that control the entry and exit of substances
from the cell [13]. At the same time, the prognostic
value of pAKT1 expression in DLBCL has been stud-
ied insufficiently. The results of the published works
are contradictory. There is no information on this top-
ic in the domestic scientific literature.

The aim of the study was to evaluate the prognostic
value of pAKT1 expression in tumor cells in DLBCL.

MATERIALS AND METHODS

The retrospective study included 90 patients with
a newly diagnosed DLBCL who were treated at the
clinic of Kirov Scientific Research Institute of Hema-
tology and Blood Transfusion from 2014 to 2017. All
patients received standard first-line therapy according
to the R-CHOP regimen. The average age of patients
was 58 years (from 24 to 83 years). All patients signed
an informed consent to participate in the study. The
study was approved by the local Ethics Committee.
Clinical and laboratory characteristics of patients with
DLBCL are presented in Table 1.

Formalin-fixed, paraffin-embedded (FFPE) lymph
node and other organ and tissue samples were used,
from which 3-5 pum-thick histological sections were
prepared according to the generally accepted method.
Verification of DLBCL diagnosis and visualization of
pAKT1-positive tumor cells in the studied samples
were carried out by the immunohistochemical meth-
od using antibodies to CD3, CD20, CD10, BCL6,
MUMI, Ki67, BCL2, cMyc, and pAKT1 (phosphor
Ser 473). The tumor subtype (GCB or non-GCB) was
determined according to the classification proposed
by C.P. Hans [14].

Immunoreactivity of primary antibodies was de-
tected using secondary antibodies conjugated with
peroxidase included in the reagent kit. Immunohisto-
chemical reactions were set up according to the stan-
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dard technique following the protocol for ENVISION
imaging systems (DAB+, Dako, Denmark). The rela-
tive number of tumor cells with nuclear expression of
pAKT1 was calculated on the AxioScope.Al micro-
scope (Carl Zeiss Microscopy GmbH, Germany) with
a built-in photo / video camera and image analysis
software. The study was carried out in five fields of
view for each sample using the x10 eyepiece lens and
the x100 objective lens.

The cut-off threshold for assessing the level of
pAKT1 expression was calculated using the ROC
analysis. For the oncoproteins BCL2 and cMyec, the
expression thresholds used in international studies and
showing the most reproducible results (50 and 40%
of positive tumor cells, respectively) were used [15—
17]. Statistical assessment of the presence / absence
of an association between the degree of pAKT1 ex-
pression and the clinical and laboratory characteristics
of patients was carried out using the two-sided Fish-
er’s exact test. OS and PFS were calculated using the
Kaplan — Meier method with graphical plotting of the
corresponding curves.

A comparative analysis of survival rates was per-
formed using the log-rank test. To identify prognostic
factors influencing the risk of developing an adverse
event for OS and PFS, we used univariate and mul-
tivariate Cox regression analysis with the determi-
nation of a 95% confidence interval (CI) and hazard
ratio (HR). The study was carried out using the IBM
SPSS version 19.0 software. Differences between in-
dicators were considered statistically significant at
p <0.05.

RESULTS

During the research, all patients were divided into
two groups depending on the number of pAKT1-pos-
itive tumor elements. According to the results of the
ROC analysis, the optimal cut-off threshold for pro-
tein expression was set at 70% with sensitivity of 84%
and specificity of 24%; the area under the curve was
0.78 £ 0.04 (95% CI 0.66-0.91). Group 1 included 36
patients (40%) with protein overexpression ( > 70%
of cells, Fig. 2a), group 2 contained 54 (60%) patients
with a low degree of marker expression (< 70% of
cells, Fig. 1b).

Following a comparative assessment of the degree
of pAKT1 expression by DLBCL tumor cells with
the clinical and laboratory characteristics of patients,
statistically significant intergroup differences were re-
vealed (Table 1). It was noted that the values of IPI
> 2 were more often detected in the patients of group

1 compared with its values in the patients of group 2
(58% vs. 33%, p = 0.029). The frequency of occur-
rence of stage [II-1V of the pathological process was
significantly higher in the patients with pAKT1 over-
expression than in the patients with low expression of
this marker (72% vs. 48%, p = 0.030).

Fig. 1. Immunohistochemical staining of tumor cells with an
antibody to pAKT1: high (a) and low (b) expression, x 1,000

The patients of group 1 were 1.5 times more like-
ly to have B symptoms of the disease than those of
group 2 (69% vs. 46%, p = 0.034). When analyzing
the results of R-CHOP chemotherapy, it was found
that the patients with low marker expression were
characterized by higher frequency of achieving com-
plete remissions than patients with overexpression of
the marker (44% vs. 70%, respectively, p = 0.017).
In addition, the supra-threshold values for the number
of pAKT1-positive tumor cells were associated with
high expression of the oncoproteins BCL2 (p = 0.036)
and c-Myc (p = 0.015). No significant intergroup dif-
ferences were found for other clinical and laboratory
parameters.
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Table 1

Patient characteristics and results of analysis of clinical and
laboratory parameters in the groups with different pAKT1
expression in patients with DLBCL

Number | pAKTI expres-
of pa- sion Fisher’s
Parameters tients, high, low, exact
n=90, | abs, | abs., | test,p
abs. (%) | n=36| n=>54
Gender:
males 47 (52) 18 25 0.830
females 43 (48) 18 29
Age, years:
>60 40 (44) 17 23
<60 50 (56) 19 31 0.672
B symptoms:
present 50 (56) 25 25 «
absent 40 (44) 11 29 0.034
Stage (according to Ann
ﬁrllior staging): 38 (42) 10 28 0030+
IV 52 (58) 26 26
Extranodal lesions:
present 41 (46) 18 23
absent 0G| 18 | a1 | 9%
Level of lactate
df{h}{drogenase (LDH): 30 (33) 25 35
within the normal values 0.820
60 (66) 11 19
exceeds the normal values
Immunohistochemical
subtype: 3438) | 10 | 24
GCB 56 (62) 26 30 0.126
non-GCB
IPI, risk groups:
IPI<2 49 (54) 15 36 «
IPI>2 41 (45) 21 18 0-029
Response to first-line
therapy:
partial response
response / relapse / gg Eig; %g ;g 0.017*
refractory disease
complete response
BCL2 expression:
>50% 28 (31) 16 12 "
<50% 6269 | 20 | 4 | %036
c-Myc expression:
0,
>40% 18 (20) 12 6 0.015*
<40% 72 (80) 24 48

Note: Fisher’s exact test — p.
* statistically significant differences between the groups (here and in
Table 2).

Three-year OS in group 1 was 44% (the median
survival was 23 months) as opposed to 87% in group
2 (the median survival was not reached), p < 0.001,
(Fig. 2a). Significant differences were found in the
assessment of PFS: 39% — in the patients with high
expression of pAKT1, 71% — in the patients with low
expression of the marker, p = 0.005. The median sur-

vival in group 1 was 14 months, and it was not reached
in group 2 (Fig. 2, b).
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Fig. 2. Overall (a) and progression-free (b )survival of patients
with diffuse large B-cell lymphoma depending on the degree of
pAKT1 expression by tumor cells

Clinical and laboratory parameters of patients were
initially included in the univariate Cox analysis, fol-
lowing which the factors adversely affecting OS in pa-
tients with DLBCL were: IPI > 2, non-GCB subtype,
age>60years,and pAKT1 expression>70% (Table 2).
In the course of the multivariate regression analysis, it
was found that the most significant independent pre-
dictive factors were only IPI and overexpression of
pAKT1 (p = 0.039 and p = 0.001, respectively). At
the same time, the content of pAKT1-positive tumor
cells > 70% determined a two times higher risk of an
unfavorable outcome than the IPI index.
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Table 2

Univariate and multivariate Cox analysis of predictors of overall and progression-free survival in patients with diffuse B-large
cell lymphoma

Univariate analysis

Parameter (0N PFS
HR 95% CI p HR 95% CI )4
Gender 1.893 0865—4.140 0.112 1.954 0.965-3.955 0.063
Age > 60 years 2.254 1.013-5.015 0.046* 1.511 0.763-2.993 0.236
IPI>2 6.319 2.377-16.800 <0.001* 3.727 1.810-7.675 <0.001*
non-GCB subtype 0.351 0.132-0.932 0.035%* 0.367 0.160-0.844 0.018*
Expression of pAKT1 > 70% 9.954 3.432-28.870 <0.001* 3.527 1.170-7.275 0.001*
Multivariate analysis
oS PFS
Parameter
HR 95% CI )4 HR 95% CI )4
Age > 60 years 1.933 0.813—4.595 0.135 - - -
IPI>2 3.061 1.056-8.868 0.039%* 2.577 1.191-5.574 0.016*
non-GCB subtype 0.623 0.219-1.772 0.375 0.607 0.252-1.467 0.268
Expression of pAKT1 > 70% 6.171 2.069-18.402 0.001* 2.456 1.141-5.287 0.022*

For PFS, the same factors showed statistical signifi-
cance in the univariate Cox analysis, except for patient
age. When assessing the effect of several predictors on
disease progression, IPI > 2 and pAKT1 expression
> 70% were also significant independent prognostic
factors with a comparable risk of an adverse event.

DISCUSSION

DLBCL is the most common non-Hodgkin’s lym-
phoma, which encompasses a large group of tumors that
differ in their clinical, morphological, and molecular ge-
netic characteristics. Standard therapeutic approaches
provide good treatment results in only 50-60% of cases.
At the stage of early diagnosis, the existing systems of
stratification (IPI) do not always provide an opportunity
to accurately predict the course of the disease in each in-
dividual patient, since they do not take into account the
molecular and biological aspects of the pathology. This
is especially relevant for low- and intermediate-risk pa-
tients. Therefore, the search for additional prognostic
criteria is justified in this disease.

The results obtained in this study indicate a rela-
tionship between overexpression of pAKT1 and unfa-
vorable prognostic clinical and laboratory characteris-
tics: common stages of the disease, IPI values > 2, the
presence of B symptoms, and high expression of the
BCL2 and c-Myc oncoproteins. This association may
be due to uncontrolled activation of the Mdm2 protein
and impaired functioning of the p53 and p21 tumor
suppressors. This leads to inhibition of apoptosis and
excessive proliferation of neoplastic cells [10, 16]. In
patients with supra-threshold values of pAKT1 ex-
pression, lower frequency of achieving complete re-

missions was noted. However, for some parameters,
there is significant variation in the research results.

In a number of studies, in addition to the indicated
clinical characteristics, a relationship was found be-
tween the pAKT1-positive variant of the disease and
gender, age, and LDH level [8, 18, 19]. We believe
that these disagreements may be associated with a
lack of unified criteria for determining the threshold
values for pAKT1 expression, comorbidity, and dif-
ferent sample sizes. In some foreign studies, an asso-
ciation of pAKT1 overexpression with low survival in
DLBCL patients was shown [17, 18]. The results of
our study confirm this.

At the same time, based on the multivariate analy-
sis data, it was revealed that overexpression of pAKT1
is an independent predictor of low OS, which is more
significant in prognostic terms than the IPI index. For
PFS, the studied marker was also a significant inde-
pendent prognostic factor. There is no consensus
among the authors regarding this fact, the research
results are contradictory. There are foreign studies in
which the role of pAKT1 expression as an indepen-
dent prognostic factor was not proven. It is assumed
that adverse clinical manifestations associated with
excessive activation of the PI3K / AKT / mTOR path-
way are indirect and depend on other effectors [17]. At
the same time, there are publications confirming the
independent prognostic role of this marker in relation
to the course of the disease [8, 18, 19].

CONCLUSION

Overexpression of pAKT1 is associated with unfa-
vorable clinical and laboratory parameters in patients
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with DLBCL and treatment failures according to the
R-CHOP regimen. This biomarker could be used as
an independent predictor of the course of the disease.
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