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YypHan BxoauT B pekomMeHA0BaHHblii BAK PO nepeyeHb peLieH3upyeMbIX HayuHbIX XypPHaNoB v n3paHuii
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«l0HO-Poccuiickuii OHKONOrMYecKmii XypHan»: npogeccuoHanbHoe
MeIMLMHCKOE U3faHue. B HeM ny6iuKylTCs HOBOCTU MEeAULIMHCKOrO
1 hapMaLLeBTMYECKOr0 COOBLLECTB, HayUHO-NPAKTUYECKUE CTATbU AN
LieneBoil ayAUTOpuM - BPayeii-OHKONOroB. Pefakuus XypHana cTaBut
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Lecca rny6okoii peopraHusaLum 3gpaBooxpaHeHus B Poccuu. Pepak-
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PecHble peLleHnsi MHOTOTPaHHbIX 3afay, CTOALLMX Nepes COBPEMEHHON
MeZMLMHOM, U XOUYET NOAENUTLCS CBOMMMU MbICISIMU W HAGNIOAEHUAMY
C Konneramu.
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ORIGINAL ARTICLE

OWN EXPERIENCE OF SURGICAL TREATMENT FOR ADVANCED
CANCER OF THE TONGUE AND THE MOUTH FLOOR

P. V. Svetitskiy™, I. V. Pustovaya, M. A. Engibaryan, M. V. Bauzhadze, A. K. Donskaya

South Russian
Journal of Cancer
H0xHo-Poccuitckuit
OHKO/IOTUYECKMI XKypHan
Vol. 3
No. 4, 2022

National Medical Research Centre for Oncology, Rostov-on-Don, Russian Federation
B4 svetitskiy.p@gmail.com

ABSTRACT

Purpose of the study. Improvement of surgical treatment outcomes in patients with advanced cancer of the tongue and the
mouth floor providing radical surgery with preservation of the organ functions.

Materials and methods. Two patients with advanced cancer of the tongue and the mouth floor with metastases to lymph nodes
in the neck (St.4 (IVA, pT4a N2b M0), clinical group 2, were operated on according to our special technique.

The surgery was performed under endotracheal anesthesia. After cervical lymph node dissection, the tongue and the mouth
floor tissues were resected intraorally. The incisions were made through their entire thickness along healthy tissues. Smears
were taken from the dissected tissues for intraoperative pathology consultation control for the presence of cancer cells. The
tissues of the mouth floor affected by the tumor were completely removed without going beyond the hyoglossus muscle,
since the lingual and hypoglossal nerves go along its outer surface. This allowed radical tumor removal with preservation of
the tongue functions.

Results. Patients operated on according to our special technique have been observed for more than 9 months without continued
tumor growth and recurrences tumor with preservation of the tongue and the mouth floor functions.

Conclusion. In such patients, ablastics principles are combined with the preservation of the tongue functions. This can be
achieved because after removal of the tongue tumor, resection of the mouth floor is performed without going beyond the
hyoglossus muscle not affected by the tumor, since the lingual and hypoglossal nerves go along its outer surface. Complying
with ablastics, it preserves the tongue functions: chewing, swallowing, articulate speech, taste perception.

Keywords:
advanced cancer, oral organs, mandibulotomy, orostoma, lingual and hypoglossal nerves, hyoglossus muscle
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OPUTUHATIbBHASA CTATbA

COBCTBEHHBIN ONbIT XMPYPTUYECKOTO JIEYEHWS PACMIPOCTPAHEHHOIO PAKA
A3bIKA W IHA ONOCTK PTA

M. B. Cetuuknit™, U. B. MycToBas, M. A. EHru6apsH, M. B. bayxapase, A. K. [lonckas

HMWL| oHkonoruwm, r. PoctoB-Ha-[loHy, Poccuiickas Gegepauus
B4 svetitskiy.p@gmail.com

PE3IOME

Llenb uccnepoBaHus. YNyylunTb pesynbTaTbl XMPYPrivyeckoro JIeYeHNst 60S1bHbIX C pacnpoCTpaHeHHbIM pakoM A3blKa U fiHa
NonocTn pTa o6ecrneyeBatoLLEro pagukanbHoe NPoBEAEHUE onepaLn ¢ coxpaHeHnem GyHKLMIA onepupyeMbix OpraHoB.
Martepuanbl u MeTogpl. [1Boe 60/1bHbIX C PaCNPOCTPaHEHHbIM PaKoM A3blKa U iHa NMoN0CTU pTa U MeTacTasamu B IMMdaTnye-
ckue y3nbl wewu St.4 (IVA, pT4a N2b M0) knuHuueckas rpynna 2, 6b111 NpoornepmMpoBaHbl N0 pa3paboTaHHON HAaMU METOAMKE.
Onepauuto NpoBOAMAY NOA dHAOTPaxeanbHbIM Hapko3oM. CHavana ocyliecTBAsNach WerHaa NMMpoanccekums, aanee
MHTpaopasibHbIM CNOCO60M pe3eLMpoBascs A3blK C TKaHAMM JHa NOfoCTW pTa. Paspesbl NPOBOAUINCH YEPEes BCHO TOJILLY
no 30poBbIM TKaHAM. C pacceyeHHOW paHeBOW MOBEPXHOCTM A3blka M3bIMaNNCh TKaHW AN CPOYHOIO rMCTONOrMYECKOro
nccnefoBaHns — KOHTPOJIS Ha Hannymne pakoBbIX KNEeTOK. [opa)keHHble OMyXosbio TKaHU iHa MOIOCTU pTa MOMHOCTbIO YAa-
NANNUCD, He BbIXOASA 3a NpeAesbl NOAbA3bIYHO-A3bIYHOW MbILLLbI, MO HAPYXXHOW MOBEPXHOCTU KOTOPOW MPOXOAAT A3bIYHbIN
1 NOABA3bIYHbIN HEPBbI. ITO NO3BONAET PaAnKasbHO yopaTb ONyxosib C CoXpaHeHneM GyHKLUI A3bika.

Pesynbratbl. BonbHble, NpooneprMpoBaHHble N0 pa3paboTaHHOW METOAMKE, HAXOAATCA NOA HabnofeHneM 6e3 NPOAOIKEH-
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INTRODUCTION

Malignant tumors of the oral cavity in the Rus-
sian Federation (RF) occupy a leading place among
tumors of the head and neck. The dynamics of the
morbidity of the population is constantly growing.
The absolute number of patients (men and women)
in 2010 was 5251, and in 2020-6089. The dynam-
ics of morbidity indicators in these terms amounted
to 5.18 and 6.18 with an increase of 28.58 %. At the
same time, the rough indicator of the incidence of
oral cancer in the Russian Federation per 100,000
populationin 2010 was 5.18, and in 2020-6.18. The
average annual growth rate of this pathology was
2.47 with an increase of 28.58 %. The gross mortal-
ity rate in patients with cancer of the lip, oral cavity
and pharynx in 2010 was 6.36, and in 2020-6.50,
with an average annual growth rate for this period
of 0.46 and an increase of 4.77 [1].

Treatment of advanced cancer of the tongue and
the floor of the oral cavity remains an urgent prob-
lem, in which an integrated approach is used: sur-
gery, chemotherapy and radiation.

Having more than 50 years of experience in per-
forming operations in this category of patients, we
have to listen to the complaints of patients who have
undergone extended operations, who have been
cured of cancer and are now living. Complaints are
mainly about an unsatisfactory quality of life: difficult
or probe feeding, illegibility or lack of speech, etc.

The loss of the functions of the oral organs
makes patients socially inferior and therefore the

issues of their rehabilitation are of paramount im-
portance [2]. There are a lot of publications in the
literature on this problem using various methods.
This is speech rehabilitation based on increasing
the mobility of the stump of the tongue and cor-
recting sound reproduction [3], as well as devel-
oped methods of prosthetics of resected organs
using various auto-tissues: fascia, musculoskeletal,
bone-cartilage, etc. [4].

A detailed acquaintance with the literature on
this problem, to a certain extent, served as a basis
for us to study the methods already used, as well as
to develop new, in our opinion, more effective surgi-
cal interventions.

With limited cancer of the tongue and the floor
of the oral cavity (T1 and T2 art.), both surgical and
radiation methods are used, whereas with common
(T3, T4), complex, where operations dominate, is
used [5]. Surgical interventions in this category of
patients are constantly being improved [6]. At the
same time, in some cases it is recommended to re-
move the contents of the submandibular and, if in-
dicated, the chin triangles in a single block with the
primary tumor [7]. At the same time, radical opera-
tions, with all their radicalism, as a rule, damaging
the afferent and efferent nervous system, disrupt
the motor and sensory functions of the tongue and
the bottom of the oral cavity.

The innervation of the tongue and the bottom of
the oral cavity is complex. It is caused by the pres-
ence of a variety of its functions and is carried out
by both afferent and efferent pathways through VI,

Fig. 1. Topography of sensitive and motor innervation of the
tongue.

Note: 1 — n.lingualis (lingual nerve), 2 — n.hypoglossus (hyoid
nerve), 3 — m.styloglossus (shield-lingual muscle),

4 — m.hyoglossus (hyoid-lingual muscle), 5 — m.genioglossus
(chin-lingual muscle), 6 — 0s.hyoideum (hyoid bone).

Fig. 2. The generally accepted method of resection of the tongue,
the middle third of the half of which is affected by the cancer.
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IX, X and XlI pairs of cranial nerves. The greatest
load falls on the lingual (n.lingualis), sublingual
(n.hypoglossus), lingual (n.glossopharyngeus) and
upper-laryngeal (n.laryngeus superior — branch of
the vagus nerve) nerves [8]. N.lingualis is one of two
branches of the sensitive part of the Il branch (ra-
mus mandibularis) of the trigeminal nerve (n.trigem-
inus -V pair). It mainly provides afferent communi-
cation, whereas efferent communication is carried
out by the sublingual (XII pair) nerve (n.hypoglos-
sus).

Radical removal of a common (llI-1V st.) tumor
of the tongue and /or the floor of the oral cavity
may be complicated by damage to the nerves of the
tongue, the most important of which are the lingual
and sublingual (Fig. 1). Their main function is to en-
sure the sensitivity and motility of the language. For
clarity, we present our own sketches on the issue
under consideration.

With a widespread cancer of the tongue affecting
one of its halves with damage to the hyoid nerve,
there is a unilateral violation of its functions — im-
mobilization of the affected tumor of this half of the
tongue.

As can be seen from figure 1, the main nerves of
the tongue, sensory and motor, pass on the lateral
side of the duplicate of the shield-lingual and sub-
lingual muscles, focusing on which, it is possible to
avoid injury to these nerves.

If, before the operation, a patient with a wide-
spread cancer process had a mobile tongue and re-
tained sensitivity, then this indicates that the tumor
has not spread to the nerves listed above. There-
fore, when performing operations in this category
of patients, in order to preserve the functions of
the tongue, observing ablasty, it is necessary to ex-
clude, as far as possible, their damage.

Operations performed on the tongue and organs
of the oral cavity belong to the category of complex,
when the radicalism of their performance should
be combined with the possibility of preserving the
functions of the resected organs: chewing, swal-
lowing and speech.

There is a generally accepted method of surgery
for cancer of the tongue affecting part of its back.
It provides for the removal of 2 or more anatomical
areas within 2-3 cm of healthy tissues (Fig. 2) [7].

As can be seen from the picture presented for
these operations, during their resection of healthy

W [iHa NONOCTH pTa

tissues, it is quite possible to injure the most im-
portant part of it — the non-tumor-affected posterior
third of the back of the tongue, the lower part of
which is anatomically connected with the bottom of
the oral cavity and the nerves passing there. In addi-
tion, during hemostasis, carried out by stitching the
remaining healthy tissues, the probability of nerve
damage also increases.

In cases where the tumor is large and passes to
the opposite half of the tongue, when it is removed,
using the above methods, providing radicalism,
nerve injury on both sides is not excluded.

It is quite clear that the surgeon, first of all, re-
quires radical ablastic surgery. However, it is always
necessary to think about its consequences - the
usefulness of the patient's subsequent life. Before
the operation, the functions of the tongue and the
bottom of the oral cavity are checked: chewing,
swallowing, speech. Preserved functions after radi-
cal surgery speak about the integrity of the nerves.

The aim of the study is to improve the results of
surgical treatment of patients with advanced cancer
of the tongue and the floor of the oral cavity through
radical surgery with possible preservation of the sen-
sory and motor nerves that provide their functions.

PATIENTS AND METHODS

The proposed method of surgery in patients with
advanced cancer of the tongue and the bottom of
the oral cavity, providing radicalism, allows in the
process of its implementation to preserve the mo-
tor and sensory nerves not affected by the tumor.

Taking into account the anatomical features of
the oral cavity organs, which limit the view of the sur-
gical field and complicate the operation, especially
with advanced (IV st.) cancer, it is recommended
to perform a mandibulotomy beforehand [6]. If the
patient refuses to carry it out or at the third stage
of the disease, the operation is performed intraoral.

The operation is performed under endotracheal
anesthesia through a pre-imposed tracheostomy.
The tongue affected by the tumor is brought out as
much as possible. In case of unilateral location of
the tumor or when it spreads to the other half of the
tongue, dissection of healthy tissues is performed
by retreating 2.0 cm from the edge of the tumor in
accordance with its shape and size, preserving the
unaffected tissues as much as possible (Fig. 3).
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From the middle and edges of the healthy tongue
tissue left after resection, 3 tissue fragments are
taken for urgent histological examination for the
presence of cancer cells. In their absence, the op-
eration continues, and when malignant cells are de-
tected, the resection zone expands by another 1.0
cm with repeated histological examination. Let us
repeat that it is easier to fulfill these requirements
with a pre-performed mandibulotomy.

When the tumor spreads to the tissues of the
bottom of the oral cavity with preserved functions
of the tongue, which indicates the integrity of the
tumor with sensitive and motor nerves, the opera-
tion is carried out radically with the preservation of
these nerves. To do this, focusing on the duplicate
of the shield-lingual and sublingual muscles, on the
lateral surface of which these nerves pass, under vi-
sual and manual control carried out both in the oral
cavity and externally on the neck, the tumor tissue
is removed medially above the above-named mus-
cle duplicate.

With a tumor process spreading to one half of
the tongue and the bottom of the oral cavity with
damage to the sublingual and lingual nerves, which
makes it immobile, the operation is carried out
radically to healthy tissues, including the above-
mentioned muscle duplicate. With a tumor affect-
ing both halves of the tongue, the immobile half is
radically removed, while the other, mobile, is oper-
ated according to the presented method. Its radical
implementation later, depending on the nature of

the operation, returns to the patient certain func-
tions of the language sufficient for natural nutrition
and speech.

Our relatively small experience (two patients
with advanced cancer of the tongue and the bottom
of the oral cavity with unilateral immobility of the
tongue, who were informed about the scope of the
operation and agreed to it) revealed the expediency
of using these operations, since, observing radical-
ism, the functions of the language were preserved.
In the postoperative period, these patients under-
went radiation and chemotherapy. The collection of
clinical material continues.

Clinical observation

Patient K. born in 1999 was admitted to the De-
partment of Head and neck Tumors of the National
Medical Research Centre for Oncology, Rostov-on-
Don, with the diagnosis: cancer of the tongue with
spread to the bottom of the oral cavity and metas-
tases to the lymph nodes of the neck (squamous
cell carcinoma St.4 (IVA, pT4a N2b M0)). Concom-
itant disease: leukemia, condition after treatment,
stabilization of the process. He considers himself
ill for about 6 months, when a tumor appeared on
the left half of the tongue. | did not go to the doc-
tor, | was treated independently with mouthwash.
Pathology in the mouth was regarded as stomatitis
on the background of leukemia. When examined by
a dentist, a tumor of the tongue was revealed. Sent
to an oncologist.

Fig. 3. Resection of the tongue with advanced cancer affecting
both its halves. Dissection lines are carried out within healthy
tissues, in accordance with the shape of the tumor, which allows
you to preserve healthy tissues of the tongue as much as possible.

10

Fig. 4. Patient K. 1999. Cancer of the tongue with lesions of the
anterior, middle and partially posterior third of the left half, as well
as the anterior third of the right half.
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Local status: symmetrical face. In the subman-
dibular region on the left, enlarged, slightly mobile
lymph nodes 2.5 x 3.0 cm and on the neck, along the
internal jugular vein 2.0 x 3.0 cm. Opening the mouth
is painful, but in full. Teeth on the upper and lower
jaws are missing after leukemia. The left half of the
tongue is motionless. Its anterior, middle and partial-
ly posterior third are affected by a tumor spreading
to the anterior third of its right half (Fig. 4).

After the examination, the patient was operat-
ed on. A tracheotomy with intubation and subse-
quent radical surgery under general endotracheal-
intubation anesthesia was performed under local
anesthesia. Cervical lymphadenectomy (I-V levels)
with ligation of the external carotid artery was per-
formed. Taking into account the patient's refusal
of mandibulotomy, the operation was continued by
intraoral method. The middle third of the right, un-
affected by the tumor, half of the tongue is stitched
and brought out. Under visual and manual control,
resection of the left half of the tongue and partially
the right half was performed with the preservation
of its middle and posterior third of the dorsum and
lateral edge, retreating from the tumor by 2.0 cm.
The parts of the tongue affected by the tumor were
removed in a single block. No malignant cells were
found in the tissues taken for urgent histological
examination from the left part of the tongue. Squa-

1 iHa NonoCTH pTa

mous cell carcinoma was detected in the removed
tissues of the tongue and the bottom of the oral
cavity.

Under visual-manual control of the bottom of the
oral cavity and external-manual control of the neck,
tumor-affected tissues were identified, which were
removed without going beyond the hyoid-lingual
muscle not affected by the tumor. In a similar way,
focusing on the right duplicate of the shield-lingual
and sublingual muscles, the tumor of the bottom of
the oral cavity was removed without going beyond
the sublingual muscle. A smear was also taken from
the abandoned tissues for urgent cytological exam-
ination for the presence of cancer cells, which did
not reveal their presence. The defect of the tissues
of the tongue and the bottom of the oral cavity is
sutured in layers with the formation of the stump of
the tongue, which is up to half of its former volume.
Healing took place by primary tension. The postop-
erative period proceeded without complications. On
the 5th day, the movement of the tongue stump was
partially restored (Fig. 5). Nutrition was carried out
with the help of a naso-esophageal probe, which
was removed on the 10th day, after which, with par-
tial restoration of the function of the tongue, the tra-
cheostomy was decanulated (Fig. 6). By the end of
the second week, after removal of stitches, she was
discharged home.

Fig. 5. The same patient. 5 days after the operation. The
movements of the tongue stump are limited. Nutrition through the
nasoesophageal probe. Breathing through the tracheostomy and
natural pathways (mouth and nose).

Fig. 6. The same patient. 10 days after the operation. Breathing
through the tracheostomy and natural pathways (mouth and
nose). The lability of the tongue stump is sufficient for feeding
liquid food. She was discharged in a satisfactory condition for
postoperative chemoradiotherapy at her place of residence. After
1 month after discharge, natural nutrition and respiration were
restored. He is under observation after surgery without continued
growth and relapse for 9 months.
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RESEARCH RESULTS AND DISCUSSION

The problem of treating patients with advanced
cancer of the tongue and the floor of the oral cavity
remains difficult to this day. This is due to the struc-
tural features of these organs and, first of all, their in-
nervation. The most important for the life of a patient
with this disease are the lingual (n./ingualis) and sub-
lingual (n.hypoglossus) nerves responsible for sen-
sory and motor functions. Radical removal of a com-
mon (IlI-1V st.) tumor of the tongue and/or the floor
of the oral cavity may be complicated by damage to
these nerves. At the same time, the functions of the
language are violated. Speaking about the topogra-
phy of the tongue and the bottom of the oral cavity
with muscles and nerves, it should be noted that the
maxillohyoid muscle (m.mylohyoideus) forms the di-
aphragm of the mouth, which divides the bottom of
the oral cavity into two floors — upper and lower. If the
patient's sensitivity and mobility of the tongue were
preserved before the operation, then this indicates
the integrity of the nerves. This means that in this cat-
egory of patients, the tumor process has not spread
to the bottom of the oral cavity or partially captured
the tissues of only its upper floor, without spreading
to the nerves. In these cases, the surgeon removes
only the tumor, without delving into the projection of
the location of the nerves. Practice has shown that
the early detection of cancer depends much on the
patient himself, which is especially pronounced in an
oncological situation. Usually, patients turn to doc-
tors at the first signs of the disease, while another
category of patients suffers troubles associated with
it, and only with its progression they turn to a doctor
with an already widespread or even neglected dis-
ease. This is especially pronounced in patients with
oral cancer, when patients see their pathology and,
realizing the danger, suffer. And only when there is
pronounced discomfort with eating and speech and
the process has already spread, go to the doctor. It
should be noted that during the initial examination of
patients with llI-1V st., cases with bilateral damage to
the nerves of the tongue are practically not detected.
At the same time, as arule, in patients with an already
widespread process, with one half of the tongue im-
mobile, the other remains intact. When examining
such a patient from the IV st., regional metastases
and a tumor affecting one of the halves of the tongue
with partial spread to the other are usually detected.
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Clinical examination almost always confirms this
situation and does not exclude the possibility of the
need for radical surgery with bilateral nerve resection
in this category of patients. In these cases, the patient
must be warned about possible consequences be-
fore the operation. Difficulties arise when the cancer
process spreads to both halves of the tongue with the
immobility of one of its halves. The proposed method
of surgery is intended primarily for this category of
patients, but it can also be used in cases with a less
common process. For the orientation of the surgeon
during the operation, after dissection of the tumor-
affected tongue, it is necessary to orient yourself with
the topography of the location of the nerves. To do
this, during the operation, after dissecting the tissues
of the tongue and obtaining a pathologic and histo-
logical conclusion about the absence of cancer cells
in its preserved tissues, all attention should be paid
to orientation in the topography of the muscles and
nerves of the floor of the oral cavity. Manually and
visually, both intraoral approach and external, on the
neck, above the hyoid bone, determine the location
of the combination of the schiloglossus (m.stiloglos-
sus) and hyoglossus (m.hyoglossus) muscles. At the
same time, manually, in the projection of these mus-
cles, the topography of the sublingual-lingual mus-
cle is determined, along the lateral surface of which
nerves pass. Subsequently, the removal of the affect-
ed tissues of the bottom of the oral cavity is carried
out to the medial edge of the hyoid-lingual muscle not
affected by the tumor process. This allows for a rad-
ical operation without injuring the nerves, which pre-
serves the function of the tongue.

CONCLUSION

In patients with advanced cancer of the tongue
and the floor of the oral cavity, with the defeat of
one of its halves, the principles of ablasty should, if
possible, be combined with the preservation of their
functions. This is achieved by the fact that after
radical removal of the tumor of the tongue, resec-
tion of the bottom of the oral cavity is carried out
ablastically, without going beyond the hyoid-lingual
muscle not affected by the tumor, on the outside
of which the lingual and hyoid nerves pass. This,
while performing an ablastic operation, preserves
the functions of the tongue: chewing, swallowing,
articulate speech, taste perception and salivation.
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ABSTRACT

Purpose of the study. Testing of new chemotherapeutic agents in translational and biology medicine needs studies on
immortalized cell lines. However, such models do not always have the biological properties of a tumor in situ, in contrast
to primary cell cultures. Primary cultures of lung cancer cells have biological, morphological and molecular characteristics
close or identical to tumor cells in vivo. Obtaining collections of primary lung cancer cell lines is an important task in creating
various models for preclinical studies.

Materials and methods. The materials are represented by postoperative tumor samples obtained from 25 patients with newly
diagnosed lung cancer without prior treatment. The following methods were used to obtain primary cultures: enzymatic
dissociation in Hanks' solution with the addition of 300 units/ml collagenase | (Thermo Fisher Scientific, USA), enzymatic
dissociation using the Brain Tumor Dissociation Kit (Miltenyi Biotec, Germany) and 150 units/ml. ml of collagenase |, as well as
the method of explants. The following methods were used to remove fibroblasts: the use of the FibrOut™ system (CHI Scientific,
USA), magnetic separation of fibroblasts using Anti-Fibroblast MicroBeads (Miltenyi Biotec, Germany), and cold trypsinization.
Results. We have obtained 15 primary lung cancer cell cultures that have passed the zero order passage. In this work, the
method of enzymatic dissociation turned out to be the most effective. Incubation of lung tumor samples with collagenase for
1 hour preserves the viability and adhesiveness of the cells. The explant method did not show its effectiveness for long-term
cultivation, there was no migration of tumor cells to plastic. Magnetic separation, as a method of removing stromal components
of fibroblasts, showed the greatest efficiency, while maintaining the viability of tumor cells.

Conclusion. The obtained primary cell cultures of lung cancer can be used for many tasks of experimental oncology: studies of
the biological characteristics of lung cancer, development of preclinical models for the studies on new chemotherapeutic drugs.
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PE3IOME

Lienb uccnepoBaHus. TeCTUpoBaHME HOBbIX XMMUOTEPaANeBTUYECKUX areHTOB B TPAHCASALMOHHON 1 6UOMeaunLnHE HY-
XAaeTca B UCCNef0BaHNAX HA UMMOPTAIM30BaHHbIX KNETOYHbIX NMUMHUAX. OQHaKO Takue Mofenu He Bcerga obnagatoT
6MONIOrMYECKUMUN CBOMCTBAMM OMYXONM in Situ, B OTAIMYME OT NEPBUYHbIX KYNbTYp KNeToK. [epBUYHbIE KYNbTYpbl KNETOK
paka nerkoro o6nafatoT 6;IM3KUMU UK UAEHTUYHBIMU OMYXOJNIEBbIM KJ1IETKAaM in Vivo 6M0N0rMYecKUMU, TMCTONIOMMYECKUMMU
1 MONEKYNAPHbIMU XapakTepucTtukamu. MNonyyeHme KonnekLumMin NepBUYHbIX KNETOYHbIX JIMHUIA paka Nnerkoro siBnsieTcs
Ba)KHOW 3ajayer B CO34aHUN Pa3NYHbIX MOAeNen Ana JOKTMHUYECKUX UCCNEN0BaHUN.

Martepuanbl u MmeToabl. B paboTe ncnonb3oBanu nocneonepaunoHHble 06pasLibl OMyXonu, NosyyYeHHble oT 25 naunMeHToB
C BrepBble BbISBMEHHbIM PAKOM IErKoro 6e3 npefBapuTeNnibHOro nevyeHus. [1na nonyyeHns nepBrMYHbIX KynbTyp UCMOSb-
30Banu cnegyroLme MeToabl: pepMeHTaTUBHOW Anccoumaumm B pacTBope XaHkca ¢ go6aBneHnem 300 eq./mn KonnareHa-
3bl | (Thermo Fisher Scientific, CLLA), pepmeHTaTUBHOM AMCCoLMaLmMm ¢ UCNosib3oBaHUeM Habopa Brain Tumor Dissotiation
Kit (Miltenyi Biotec, Fepmanus) 1 150 ef./mMn konnareHasbl |, a Tak)ke MeToA aKcniaHTaToB. [1ns yaaneHus ¢uépo6nactos
MCMoNb30Bau cregytolime MeToAbl: NpuMeHeHue cuctemsbl FibrOut™ (CHI Scientific, CLLUA), MarHuTHas cenapauus ¢puépo-
6nacToB ¢ ucrnonb3oBaHuneM Anti-Fibroblast MicroBeads (Miltenyi Biotec, FfepMaHus) ¥ METOA XONOLHOM TPUNCUHUSALUN.
PesynbraTbl. MNonyyeHo 15 nepBMYHbIX KNETOYHbIX Ky/IbTYp paka JIerkoro, NpoLefLwmnx HyneBo naccax. B gaHHow pa6oTe
Hambonee apheKTUBHbIM OKasancs MeTof hepMeHTaTUBHOM anccounauun. MHky6upoBaHue o6pa3LoB Onyxosv JIerkoro
C KonnareHasow B TeYeHUe 1 Y. COXpaHsIeT XXM3HECNOCOBHOCTb U aAre3nBHYO CMOCOBHOCTD KNIETOK. MeTof 3KCMNaHTaToB He
nokasan ceoew 3HeKTUBHOCTY B LIeNAX J0ITOCPOYHOr0 Ky/IbTUBMPOBAaHUS, OTCYTCTBOBaNa MUrpaLms KIeTOK ONyxosu Ha
nnacTuk. MarHuTHasi cenapauusi, Kak MeTof yaaneHust CTpoMasibHbIX KOMMOHeHToB Gpru6po6nacToB, Nokasana HaubobLLyo
9 PeKTUBHOCTb, COXPaHSAS XXM3HECTIOCOBHOCTb KIIETOK OMYyXOMU.

3aksoyeHme. MNonyyeHHble NepBUYHbIE KIIeTOYHbIE KYbTYpbl paka Nerkoro MoryT 6bITb UCMOMb30BaHbl /15 MHOMMX 3ajay
9KCMEPUMEHTASIbHON OHKOJTOMMU: UCCNEf0BaHNSA BUONOrMYECKUX OCOGEHHOCTEN paka N1erkoro, pa3paboTKu JOKIMHUYECKUX
MogAenen nccnefoBaHnsa HOBbIX XMMUOTEPaNeBTUYECKUX NpenapaTos.
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nepBUYHasa KneTo4yHasa KynbTypa, pak erknx, MexaHmnyeckaa gmccouunaums, d)epMeHTaTVIBHaFl auccounauums,
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INTRODUCTION

Lung cancer is one of the most common oncologi-
cal diseases with a high mortality rate in the Russian
Federation as well as in the world. In Russia, the in-
cidence of lung cancer is among the top three, while
in men it ranks first and accounts for 16.5 % of the
total number of all oncological pathologies [1]. Being
a heterogeneous disease, lung cancer includes sev-
eral subtypes that are important for the clinical and
pathological course of the disease. Histologically,
lung tumors are divided into two main histotypes:
small cell carcinoma (SCC) and non-small cell lung
cancer (NSCLC). Small cell lung cancer accounts
for 15-20 % of primary lung tumors and is the most
aggressive form of malignant neoplasms of this
localization. Non-small cell lung cancer accounts
for about 80 % of the total number of lung tumors
and is divided into four histological subtypes: lung
adenocarcinoma, squamous cell carcinoma, large
cell lung cancer and bronchial carcinoid tumor [2].
Molecular genetic subtypes of NSCLC are deter-
mined by the presence or absence of mutations in
the EGFR, KRAS, translocations in the ALK, ROS1
genes, which allows based on these data to make
decisions about the appointment of targeted therapy,
and PD-L1 protein expression to make the decision
about immunotherapy [3]. Despite all the successes
in the treatment of lung cancer achieved through the
use of radiation, chemotherapy, and immunotherapy,
the prognosis for patients remains disappointing:
SCC is characterized by early metastasis and the
overall five-year survival rate is about 5 %, NSCLC
has better prognosis, however, given the fact that the
disease is more often diagnosed at stage llI-1V, the
five-year survival rate remains low and is 15-19 %
[4]. The search for new drugs includes screening li-
braries of antitumor compounds on primary cultures
and permanent cancer cell lines [5]. Primary culture
consists of tumor cells placed in the culture medi-
um after mechanical or enzymatic disaggregation or
as a result of migration from explants. The primary
cell culture that has passed the first passage, i.e.
passed the first replanting after the cells isolated
from the tumor sample have attached to the culture
plastic, is called a cell line. A permanent cell line is
a transformed in vitro cell line that has overcome
the so—called Hayflick limit — the limit number of
divisions determined by the length of telomeres [6].

16

Permanent lung cancer cell lines were first obtained
in the 80s of the twentieth century, 25 years after the
creation of the first cervical cancer cell line (HeLa).
After the development of serum-free media, for ex-
ample, ACL4 and HITES media, the introduction of
lung cancer cell lines into culture reached its peak.
Currently, more than 200 permanent cell lines of this
nosology are known [7; 8].

The use of permanent cell lines makes it possible
to evaluate the direct cytotoxic and cytostatic effects,
the organ-specific toxicity of the tested chemical
compounds and preparations, to determine their
mechanism of action, as well as target proteins and
genes [9]. However, permanent cell culture in vitro
after prolonged subcultivation cannot demonstrate
the heterogeneity of the original tumor in vivo, which
occurs due to the presence in the cellular composi-
tion of the primary tumor of several subclones geno-
typically different from each other, which is charac-
teristic, in particular, for non-small cell lung cancer.
The heterogeneity of lung cancer is characterized by
differences in the rate of cell growth, their karyotype,
the presence of cell surface receptors, enzyme pro-
duction, gene expression [10], sensitivity to various
cytostatics [11]. It is known that differences in the
biological characteristics of tumor cells underlie the
metastatic progression of the primary tumor, its ac-
quisition of resistance to targeted and chemotherapy,
the occurrence of relapses. Neglecting tumor hetero-
geneity at the early stages of preclinical studies is
one of the reasons for the failure of clinical trials of
new antitumor drugs, which leads to large economic
costs and slowing progress in this area [3; 12].

Keeping this in mind, a more adequate source for
the creation of cellular models of tumor growth are
primary cell cultures, in which the heterogeneity of
the tumor is reproduced at the level of its histopatho-
logical, molecular and genetic features. The creation
of collections of primary lung cancer cultures is
a common practice in various scientific institutions
around the world. Such collections serve to reproduce
the population features of the disease [13], to study
the response of NSCLC to chemotherapy [14] and to
study various aspects of oncogenesis [15; 16].

There are many methods for obtaining prima-
ry cell cultures, which researchers are constantly
optimizing depending on the characteristics of
the tumor material and the goals facing the study.
A key step in the process of creating a cell culture
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is to obtain, during enzymatic or mechanical tissue
disaggregation, a pool of viable tumor cells, with
a composition close to the heterogeneous cellu-
lar composition of the original tumor. For tumors
with a dense structure, which include lung cancer,
the method of enzymatic dissociation is preferred,
while the composition and viability of the resulting
cells directly depend on the reagents used and fer-
mentation conditions [17]. One of the most popular
components of mixtures for enzymatic dissociation
of dense tumor tissue is collagenase |, which has
a high specificity with respect to collagen fibers,
the main protein of the extracellular matrix, leav-
ing intact the proteins of cell membranes, which is
important for preserving the viability and biological
characteristics of isolated cells [18]. Collagenase |
is often used in the production of primary lung can-
cer cell lines, both in pure form [19] and in a mixture
with other enzymes (trypsin) [13]. As an alternative
to tissue dissociation, the explant method is used,
which is based on the migration of intact cells to
culture plastic from small fragments of the tumor.
The advantage of this approach is the high survival
rate of cells with the most complete preservation
of the heterogeneity of their composition, however,
the effectiveness of obtaining a cell line is limited
by the mobility of tumor cells [6; 14]. Obtaining pri-
mary cultures is a rather complex process due to
the small number of initial tumor cells, as well as
the partial loss of cell viability after tumor resec-
tion and the use of methods disaggregation of the
material [17].

Regardless of the method of obtaining the primary
culture of lung cancer, as well as other malignant
neoplasms with a pronounced fibrous component,
contamination by stroma cells is a big problem, of
which the most numerous are fibroblasts, which in
vitro quickly switch to division and thereby are able
to suppress tumor cells. There are a number of ways
to combat fibroblasts in culture, which can be divided
into three groups: 1) the use of cytostatics specific
for fibroblasts; 2) using the properties of differential
adhesion of primary culture cells and 3) cell sorting.
Each of these methods has its own advantages and
disadvantages [20].

The purpose of the study was to evaluate the ef-
fectiveness of various methods of isolating tumor
cells when creating a collection of cell cultures of
non-small cell lung cancer.

MATERIALS AND METHODS

In the period from March to September 2021, tu-
mor material from 25 patients with non—small cell
lung cancer (lung adenocarcinoma) was selected
for research, of which 20 samples were obtained
from the primary focus and 5 samples from brain
metastasis.

The patients were treated in the Department of
thoracic surgery and in the Department of Neuro-
Oncology at the National Medical Research Centre
for Oncology in 2021. The histological diagnosis was
confirmed in the pathology and anatomical depart-
ment of National Medical Research Centre for Oncol-
ogy. The patients were aware of their participation in
the scientific study and signed an informed consent
to the collection of biological material. The study was
approved by the local ethical committee National
Medical Research Centre for Oncology Protocol No.
6/1 of February 10, 2020.

Samples from the operating room were trans-
ferred in Hanks solution (HBSS, Gibco, USA) with
the addition of 1 % penicillin-streptomycin (Biolot,
Russia) at a temperature of +4-8 °C to the Labo-
ratory of Cellular Technologies National Medical
Research Centre for Oncology in an interval of no
more than 20 minutes after removal of the tumor
drug. To work out the technique of obtaining viable
cells, we selected several variants of enzymatic dis-
sociation protocols, as well as the explant method.
In 15 cases, we used the procedure of enzymatic
dissociation using pure collagenase | in the case of
the primary focus (n = 10) and using a combination
of collagenase | and enzymes for dissociation of
brain tissue in the case of samples obtained from
metastases (n = 5). In 10 cases, the explant method
was used to obtain a cell culture from the primary
focus. A schematic representation of the protocols
and methods used in the work is shown in Figure 1.
In all cases, a standard culture medium was used for
growing primary cell lines, which is a DMEM medium
(Gibco, USA) with the addition of 10 % FBS (HyClone,
USA), 1 % insulin-transferrin-sodium selenite (Biolot,
Russia), 10 ng/ml FGF-2 (Miltenyi Biotec, Germany),
10 ng/ml EGF (Miltenyi Biotec, Germany), 1 % NEAA
(Gibco, USA).

Visual examination of cell morphology and photo-
fixation were performed using an inverted Axio Vert
microscope. A1 (Carl Zeiss Microscopy, Germany).
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Protocol No. 1. Enzymatic dissociation in a solu-
tion of Hanks and collagenase | (Thermo Fisher Sci-
entific, USA). The protocol used corresponds to the
usual practice of enzymatic treatment of lung tumor
tissue [19]. The tumor fragments were placed in
a Petri dish (d = 35 mm) (Eppendorf, Germany) with
Hanks solution (with Ca?" and Mg?* ions) (Gibco,
USA) and the samples were fragmented with a sur-
gical blade to a size of 1-2 mm?, after which 300
units/ml of collagenase | were extracted (Thermo
Fisher Scientific, USA) and incubated for 1 hour in
a thermostat at 37 °C and 5 % CO,. At the end of
cultivation, the sample was resuspended by pass-
ing through a plastic tip several times, resulting
in a homogeneous cell suspension. Next, 3 ml of
standard culture medium was introduced, centri-
fuged for 5 min at 300g and the supernatant was
decanted. 5 ml of DMEM nutrient medium (Gibco,
USA) was added to the cell sediment and resus-
pended, after which the suspension of tumor cells
was passed through a sterile nylon filter (d = 70 nm)
(Becton Dickinson, USA). Cell viability was calcu-
lated and determined in the Goryaev chamber with
a 0.4 % solution of trypan blue (Biolot, Russia). The
samples, depending on the number of cells, were
passed into vials with a culture surface area of 25
cm? or 75 cm? (Thermo Fisher Scientific NUNCtm
EasYFlasktm, Denmark) in a nutrient medium for
primary cell lines of the Primary Cancer Culture
System (PromoCell®, Germany) and placed in a CO,
incubator for further cultivation at 37 °C. and 5 %
CO,. On the 3rd day of cultivation, 2 ml of fresh
nutrient medium Primary Cancer Culture System
was added. Further, the replacement of the nutrient
medium was carried out once every three days. Af-
ter a month of cultivation, the nutrient medium for
the primary cell lines was replaced with a standard
culture medium.

Protocol No. 2. Enzymatic dissociation with
the combined use of Brain Tumor Dissociation Kit
(Miltenyi Biotec, Germany) and 150 units/ml of colla-
genase | (Thermo Fisher Scientific, USA). The samples
were crushed with scalpels to a size of 1-2 mm?. For
enzymatic dissociation, the Brain Tumor Dissociation
Kit (Miltenyi Biotec, Germany) was used according
to the manufacturer's instructions. Cultured for 2
hours in a CO, incubator (Binder, Germany) at 37 °C
and 5 % CO, on a mechanical stirrer, programming
the device according to the instructions for the kit.

18

Further, 150 units/ml of collagenase | were added to
the suspension of enzymes and tumor fragments and
incubated for another 18 hours at +4..+8 °C. After
the incubation time, the sample was washed, filtered,
and cells were counted and passed, as indicated in
Protocol 1.

Protocol No. 3. Explants method. The tumor mate-
rial was fragmented with a scalpel up to 2 mmin a 35
mm diameter Petri dish (Eppendorf, Germany) with
5 ml of culture medium for the cultivation of primary
cell lines of the Primary Cancer Culture System (Pro-
moCell®, Germany), after which the obtained explants
were cultured in an incubator at 37 °C, 5 % CO,. After
a few weeks of cultivation, the non-adhesive explants
were transferred from a Petri dish, crushed by pipet-
ting and then washed, filtered, counted and passed
cells, as indicated in protocol 1.

Removal of fibroblasts from the primary culture
was carried out by several methods widely used in the
practice of obtaining cell lines from solid tumors [20].

Method No. 1. Removal of fibroblasts using the
FibrOut™ system (CHI Scientific, USA). The FibrOut™
system was introduced into vials with primary lung
cancer cell cultures at the rate of 1 ml of the sys-
tem to 500 ml of culture medium. Further, the cells
were cultured for 3—5 days until the fibroblasts were
completely detached, after which the medium was
replaced with a standard culture medium.

Method No. 2. Magnetic separation of cells using
a set of Anti-Fibroblast MicroBeads (Miltenyi Biotec,
Germany). At the first stage, primary cultures were
removed using a trypsin-versin solution (1:1) (Biolot,
Russia) at a temperature of 37 °C, then fibroblasts
from the cell suspension were separated on a mag-
netic column according to the manufacturer's instruc-
tions. The negative fraction depleted by fibroblasts
was passaged in a standard culture medium and
placed in a CO, incubator for further cultivation at
37°Cand 5 % CO,.

Method No. 3. Cold trypsinization. The spent
nutrient medium was decanted from culture vials
with primary cultures, after which a cooled trypsin-
versene solution (1:1) was introduced (Biolot, Rus-
sia) (+4..+8 °C) and incubated for 3 minutes at room
temperature, observing the process of detaching cells
from the bottom of the vial with a microscope. The
fibroblasts separated from the bottom of the vial were
carefully washed with a DMEM medium containing
5 % FBS and removed from the vial. Then a standard
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culture medium was introduced into the vial with the
remaining cells and placed in a CO, incubator for
further cultivation at 37 °C and 5 % CO,,.

RESEARCH RESULTS

In all cases, with enzymatic dissociation of the
material, we were able to obtain a suspension with
a proportion of viable cells of about 90 %. Moreover,

the viability was not reduced even in samples ob-
tained from metastases, despite their prolonged incu-
bation at a reduced temperature (+4 ... +8 °C). On the
2nd day after exposure to enzymes, a small number
of attached cells were observed, while tumor cells
formed clusters, and fibroblasts were observed in the
form of single spindle-shaped cells (Fig. 2A). As the
cultivation time increased, the number of adhered
cells grew, fibroblasts occupied the entire surface

The stages of obtaining a primary cell culture from lung tumors

1. Selection of material

free of fibrosis and
necrosis.

2. Isolation of a sample with
avolume of 1 cm®

Stage 1. Material =
selection
Stage 2. [

Application of the explant
method

Sample dissociation

‘ Enzymatic dissociation: ‘

1 Dissociation in Brain Tumor
Dissotiation Kit solution (Miltenyi
Biotec, Germany) followed by
long-term cold fermentation in
collagenase 1 (150 units/ml)

¥

2. Dissociation in collagenase
I solution (300 units/ml) for 1
hour at +37°C

Washing the sample with DMEM medium, with the addition of
10% FBS. Filtration of the sample through a 70 nm nylon filter

Stage 3. Passage of culture

‘ Cell counting and viability determination }

4

‘ Passage into primary cell culture medum ‘

Stage 4.
Fibroblast removal methods

¥

A 4

Using the Fibr Outt™
Enzyme System

Magnetic separation of
fibroblasts

Cold trypsinization

Fig. 1. Diagram that shows the stages of obtaining primary lung cancer cell lines.
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of the vial, and tumor cells formed single clusters
of rounded shape (Fig. 2B). The first replacement
of the nutrient medium was carried out for 5 days.
cultivation, then every 3 days. Elimination of erythro-
cytes and cellular detritus from the nutrient medium
occurred during decanting of the waste medium.
Explants were attached to the bottom of the vial
for 2 days. In the explant samples, after attachment
to the surface of the Petri dish, only a small number
of migrated cells were observed, which also showed
no signs of proliferation even after several weeks
of cultivation. Taking advantage of the fact that the
fragments of tumor tissue became loose after a long
stay in the nutrient medium, the remnants of explants
were subjected to mechanical dissociation. The re-
sulting cell sediment was passed through a 70 nm

nylon filter and passed into culture vials with a sur-
face area of 25 cm?. The proportion of viable cells
with this method of obtaining primary lung cancer
culture was 70-80 %. After 2 days, the cells attached
to the surface of the vial, and after 7 days. Their
proliferation was observed after cultivation (Fig. 2C).

Working with samples of lung cancer metastases
to the brain, contamination was often noted with cells
morphologically similar to glial cells, having a fu-
siform shape and translucent processes forming
a network (Fig. 2D). Unlike fibroblasts, these cells
did not proliferate, their pool was depleted after each
passage of primary cell lines. With a large number
of glial cells, an additional mechanical cleaning of
the sample was carried out using a scrapper under
control in an inverted microscope in a laminar box.

8. 0

“RX100 ¢

Fig. 2. View of primary lung cancer cell lines. A — cells after enzymatic dissociation on the 2nd day of cultivation. B — cell proliferation after
7 days of cultivation. C — proliferation of cells from the explant after disaggregation. D — primary lung cancer culture obtained from brain
metastasis. E is a proliferating primary culture of epithelial morphology that has passed the zero passage. F — degradation of the cell line:
vacuolization of tumor cells. Designations: o — tumor cells, f - fibroblasts, g — glial cells, m — mitoses.
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In all cultures obtained from samples of locally
advanced lung cancer, contamination with fibro-
blasts was observed (Fig. 2B), for the elimination
of which several purification methods were used.
The FibrOut™ system was used in 7 samples. In all
cases, in addition to the detachment of fibroblasts,
loss of adhesion and death of tumor cells were also
observed, which may have been due to their low con-
fluence (no more than 20 %) on the surface of the
culture vial. Using systems for targeted elimination
of fibroblasts, it is necessary to take into account
their possible toxic effect on tumor cells and strictly
maintaining the concentration, select safe dosages
and incubation time. Magnetic separation of fibro-
blasts using Anti-Fibroblast MicroBeads was used
in 7 cases. After magnetic separation, viable tumor
cells were preserved, which quickly attached to the
surface of the vial and then actively proliferated.
However, the removal of fibroblasts was incomplete,
and after a while their growth was observed again,
which required repeated separations. When using
cold trypsinization (6 samples), the least complete
removal of fibroblasts from the surface of the vial
was observed, since the exposure time with trypsin
was strictly limited due to the high probability of loss
of tumor cells. To maintain a low fibroblast content,
it was necessary to repeat the cold trypsinization
procedure, which was eventually carried out more
often than the procedure of magnetic separation of
fibroblasts. Comparative characteristics of methods
for removing fibroblasts from primary lung cancer
culture are presented in Table 1.

According to the results of the study, 25 primary
lung cancer cell cultures were obtained, of which only
15 passed the zero passage and were cryopreserved

at passages 1, 2 and 4. The cells of the successful
lines were spread out in a monolayer (confluence
100 %) along the bottom of the vials, had a predom-
inantly polygonal shape corresponding to epithelial
morphology, single mitoses were observed (Fig. 2E).
In the remaining lines, gradual degradation of cells
was observed for 21 days: vacuolization and detach-
ment from the adhesive surface (Fig. 2F).

DISCUSSION

The process of creating primary cell cultures from
lung tumors is accompanied by some difficulties,
compared with other types of epithelial tissues, and
the probability of successful release of primary lung
cancer cell cultures is no more than 40 % [21], which
corresponds to our experience. Other authors note
the multinucleation of cells and vacuolization of the
cytoplasm [22] gradual degradation of tumor cells
during long-term cultivation [19].

In this work, we used the methods of enzymatic
dissociation with collagenase | as the most effective
for obtaining primary cell lines [19]. Enzyme cocktails
are actively used by researchers to produce spheroids
and organoids of lung cancer that have similar prop-
erties and genetic mutations as the original tumor
[22]. Collagenase | gradually cleaves collagen fibrils,
while new sections of the fiber become available
for interaction with the enzyme. Degradation of col-
lagen and extracellular matrix leads to the release
of cells from tumor tissue [23]. In our work, we also
confirmed that incubating a lung cancer sample with
collagenase for 1 hour does not inhibit other cells,
preserves their viability and adhesive and prolifera-
tive ability.

Table 1. Comparison of the fibroblasts extraction methods from primary lung cancer cells culture

FibrOut™

Anti-Fibroblast MicroBeads Cold trypsinization

Reduction of the proportion

of fibroblasts, % 100 %

80 % 40 %

It has a toxic effect on tumor

Effect on the viability of
tumor cells

cells. It is necessary to select
the optimal cultivation time

Shows no effect on the
viability of tumor cells

Shows no effect on the
viability of tumor cells

The optimal frequency of
the procedure to achieve the
effect

Cultivation in conjunction
with the FibrOut™ system for
3-5 days. A repeat of the
procedure is not required

For complete separation of
tumor cells and fibroblasts,
it is necessary to carry out
2-3 magnetic separation
procedures

For complete elimination of
fibroblasts, 3—-4 procedures
should be performed
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Explants are an effective model for drug testing for
many nosologies of solid cancer [24]. In particular,
in the work of Karekla et al. explants of non-small
cell lung cancer were used as an ex vivo model to
evaluate the response to cisplatin therapy [14]. In
our work, long-term cultivation was assumed, during
which, as we believed, tumor cells would begin to
exit the explant, which was observed in our prac-
tice earlier when working with glial tumors [25] and
prostate cancer, when the migration of tumor cells
to plastic occurred within a week [26]. However, in
the present study, in all cases, prolonged cultivation
did not lead to the release of a sufficient number of
tumor cells from the explant to the culture plastic.
What biological features of lung cancer underlie the
low mobility of tumor cells in primary culture have
yet to be established.

An important aspect of working with tumor ma-
terial obtained from lung tissue is the removal of
fibroblasts, which are present in large numbers
in this type of tissue. It is known that fibroblasts
are a source of a number of signaling influences
regulating the proliferation and mobility of tumor
cells both in situ [27] and in culture [28] Despite
the fact that fibroblasts can support the growth of
tumor cells in culture [29], their excessive prolifer-
ation leads to a restriction of the proliferation of
tumor cells, since fibroblasts divide faster in vitro
and gradually displace tumor cells from the vial.
In this regard, the tactics of regular "thinning" of
fibroblasts using the methods of cold trypsinization
and magnetic cell sorting, which we implemented in
our work, is the most successful for samples with
a small number of tumor cells, since it allows us to
preserve the signaling functions of fibroblasts while
restraining their excessive reproduction. However,
at later stages, when the tumor cells have reached
the cell density necessary for successful cultiva-
tion, as well as in samples with the number of tu-
mor cells initially sufficient to create the necessary
contact interaction that supports their viability and
proliferation, it may be recommended to switch to
more radical methods of fibroblast removal, for
example, the use of commercial FibrOut™ (CHI)
systems Scientific, USA) or Genetecin™ (Thermo
Fisher Scientific, USA), designed to target the sup-
pression of this type of cells.

Finally, the decisive factor determining the suc-
cess of the cultivation of primary cell lines is the

22

choice of nutrient medium. In our work, we did not
set the goal of selecting the optimal environment for
the introduction of lung cancer cells into the culture,
but used ready-made commercial solutions and the
experience of other authors. At the first passage, we
used the Primary Cancer Culture System (PromoCell®,
Germany) environment for primary cell lines with the
manufacturer's additives. The medium used by us at
a later stage of cultivation was prepared on the basis
of DMEM nutrient medium, one of the most common
and widely used media for the cultivation of various
tumor cells, including those with a high proliferation
rate [30]. The medium also included fetal bovine se-
rum (10 %), a mixture of insulin-transferrin-sodium
selenite (1 %), 10 ng/ml FGF-2, 10 ng/ml EGF and
a solution of essential amino acids (1 %). Serum,
essential amino acids and the addition of insulin-
transferrin-selenite are essential components for
maintaining the vital activity of cells undergoing ad-
aptation to in vitro conditions [31; 32].

The presence of growth factors, such as fibro-
blast growth factor and epidermal growth factor,
is necessary for selective stimulation of the divi-
sion of malignant tumor cells, the addition of these
factors to the culture medium is due to their small
concentrations in serum and is a commonly used
technique to increase the efficiency of obtaining pri-
mary lung cancer cell lines. At the same time, the
concentration of growth factors in the cultivation
medium in various studies ranges from 10 ng/ml
[16] to 20 ng/ml [32].

CONCLUSION

The result of the work that has been carried out
were 15 primary lung cancer cell lines obtained. The
most effective method of obtaining a primary lung
cancer culture was enzymatic dissociation with col-
lagenase |, followed by removal of fibroblasts using
magnetic separation. The obtained cell lines can be
used to solve a wide range of research tasks in the
field of experimental oncology. Primary lung cancer
cell cultures, unlike immortalized cell lines undergo-
ing genetic aberrations with an increase in the num-
ber of passages, have biological characteristics of
tumor cells similar or identical to those in vivo, which
makes them ideal models for preclinical studies of
new drugs, research of biological features of lung
cancer, creation of xenographic models, etc.
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ABSTRACT

Purpose of the study. Was to analyze changes in pathophysiological parameters of transplantable tumor growth and functional
activity of the hypothalamic-pituitary-thyroid axis (HPT) in rats of both sexes with Guerin's carcinoma in presence of induced
hypothyroidism.

Materials and methods. The dynamics of tumor growth and average life span were assessed in white alley rats of both
sexes with Guerins carcinoma transplanted subcutaneously on the background of thyreostatic induced hypothyroidism. RIA
(radioimmune assay) and ELISA (enzyme-linked immunosorbent assay) methods were used to determine levels of thyroid
hormones in the blood and thyroid and tumor samples, and thyrotropin-releasing hormone (TRH) in the hypothalamus, as well
as TSH in the pituitary gland. The experiment included 2 control groups: animals of both sexes with hypothyroidism (control
group 1, number of rodents = 15) and animals with subcutaneously transplanted Guerin's carcinoma without hypothyroidism
(control group 2, number of rodents = 15).

Results. Hypothyroidism in female rats inhibited the tumor growth and improved median survival by 1.8 times (p < 0.05). No
such effect was observed in males of the main group. Levels of regulatory peptides of the hypothalamus and pituitary gland
declined in females of the main group, while levels of TSH in the pituitary gland in males increased, despite a decrease in TRH
by 3.5 times. TSH levels decreased in the thyroid and blood of animals of both sexes; however, a decrease in levels of total
and free circulating thyroxine (T4 and FT4) by 1.6 times and by 2.8 times was found in the tumor, respectively; samples of
Guerin's carcinoma in males of the main group remained saturated with T4 and FT4 as well as and in control group rodents
without induced hypothyroidism.

Conclusions. The gender differences in the pathophysiology of the tumor development in presence of hypothyroidism, as well
as changes in the functional activity of the HPT axis in experimental animals revealed in this study can probably be associated
with sex hormones, which requires further study of the hypothalamic-pituitary-gonadal (HPG) axis and steroid hormones in
peripheral organs and tumor samples.
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AKTUBHOCTM TMNOTAJIAMO-TUIMO®U3APHO-TUPEOUIHOW OCU Y KPbIC OBOETD
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E. M.
. . Yepsipuna, J1. A. Hemawkanosa, A. I0. ApakenoBa

H

®panuymsny, B. A. bangoekuHa™, U. B. Kannuesa, E. U. CypukoBa, U. B. HeckybuHa, 10. A. Moropenoga, J1. K. Tpenutaku,

HMWL| oHkonoruwm, r. PoctoB-Ha-[loHy, Poccuiickas Gefepauus
X valerryana@yandex.ru

PE3IOME

Llenb uccneposanus. N3yyeHve nsmeHeHns natoGmanmonornyeckmx napameTpoB pocTa NepeBnBHON ONYXoNn U GyHKLMN-
OHasIbHOM aKTUBHOCTU rMnoTanamMo-runopusapHo-TupeouaHoii ocu (I T) y Kpbic 060ero nona ¢ KapuuHomoi lepeHa Ha
(hoHe MHAYLMPOBAHHOIO rmnoTupeosa.

Matepuanbi n MmeToapl. Y 6enbix 6ecnopofHbIX KpbiC 060ero nona ¢ NoAKOXHO NepeBuTon KapunHomon lepeHa Ha hoHe
WHAYLMPOBaHHOIO TUPEOCTaTUKOM rMnoTUpeo3a (OCHOBHas rpynna) usydany AMHamMuKy pocTa onyxosu U CPEeAHHO NPoAoST-
YKWUTENIbHOCTb XU3HU, PaAUOUMMYHHbBIM Y UMMyHOGbepMeHTHbIM MeTofaMu (PUA 1 MDA) onpepensnv cogepxxaHue TUpeo-
WIHbIX FOPMOHOB B KPOBMW, LUWTOBUAHOW Xenese 1 B 06pasLiax onyxosin, TMpeoTPONHOro PUIM3NHE rOPMOHa B rurnoTtanamyce
1 TUPEOTPONHoro ropMoHa (TTI) B runoduse. B akcnepuMeHTe UCNONb30Banu 2 KOHTPOSIbHbIE rPynrbl: XXMBOTHbIE 060€ero
rofia ¢ rMnoTMpeo3oM — KOHTponbHas rpynna N2 1 (1o 15 >XMBOTHbIX) M KOHTpoJIbHast rpynna N2 2 — caMocToATeNbHbI pocT
OMyX0NIM — MOAKOXHas NepeBMBKa KapLMHOMbI FepeHa (Mo 15 XXMBOTHbIX).

PesynbraTtbl. Y CaMOK KpbIC rMMNOTUPEO3 Bbi3Ban TOPMOXKEHNE pOCTa NEPEBUBHOM OMYXONN U YBEIMYEHNE CPefHEN NPO-
LOJIKNUTENbHOCTM Xn3HM B 1,8 pa3sa (p < 0,05). Y caMLiOB OCHOBHOI rpynnbl NOAo6HOro athdekTa He Habnoganu. Y camok
OCHOBHOW rpynrbl YCTAHOBJIEHO CHUXEHWEe YPOBHSA PeryiaTopHbIX NenTUAOB rnoTanamyca n runodusa, Torga Kak y caMmuoB
ypoBeHb TTI B runoguse noBbilwanca HECMOTPS Ha CHUxXeHue Tl-punuanHra B 3,5 pasa. B WUTOBMAHON Xenese U KpoBu
Y )XMBOTHbIX 060€ro noJsia yCTaHOBNIEHO CHMXeHMe coaepxanus T, ofHaKo B OMyXOnn YCTaHOBIEHO NajeHne YPoBHSA 06-
Lero u cBo6o4HOro TMpokcuHa (T4 n FT4) B 1,6 pasa 1 B 2,8 pasa COOTBETCTBEHHO, 06pasLibl KapLMHOMbI [epeHa y caMLoB
OCHOBHOW rpynnbl OCTaBaaUCh HacbIWeHHbIMU T4 n FT4 Takxe, Kak 1 B KOHTPOJIbHOM, Y XXMBOTHbIX 6€3 HAYLMPOBAHHOIO
rmnoTmpeosa.

3aksoyeHne. BbisiBNieHHble B HACTOALLEM UCCNE[0BaHNM MONOBbIE Pa3INynA B NaToPr3M0N0rnm Te4eHns 310KaYecTBeH-
HOro npotecca Ha GoHe rmnoTUPeosa, a TakXKe U3MeHeHUs! PYHKLMOHANbHON akTUBHOCTM [T OCK Y 9KCNepUMEHTasbHbIX
YXMBOTHbIX, BEPOSITHO, MOTYT 6bITb CBA3aHbI C MO/I0BLIMU FOPMOHAMW, YTO TpebyeT AanbHENLLIEro UCCef0BaHMs TMnoTanamo-
runodusapHo-roHagHo (M) ocy 1 NokasaTeneit CTePOUIHbLIX FOPMOHOB B NEpUdEpUYECKUX opraHax 1 o6pasLax onyxosu.
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INTRODUCTION

Thyroid hormones (TH) are one of the factors that
have the greatest impact on the human body, and play
a key regulatory role in many physiological processes,
including cell growth, differentiation and metabo-
lism [1; 2]. The synthesis and release of TH is strictly
controlled by the hypothalamus- pituitary-thyroid axis
(HPT axis). In response to various physiological and
environmental stimuli, the neurons of the small-cell
paraventricular nucleus secrete thyrotropin-releasing
hormone (TG-releasing), which stimulates the ante-
rior pituitary gland to produce thyroid-stimulating
hormone (TSH). TSH, in turn, regulates all stages of
growth and thyroid function. On the other hand, the
products of TG-releasing and TTHare subjected to
negative control with the help of TH [2].

The thyroid gland produces two main hormones:
L-thyroxine (T4) and L-triiodothyronine (T3). T4 is
the predominant form (more than 80 %) secreted by
the gland and circulating, while T3 is considered the
most active form because it binds with a much higher
affinity with nuclear receptors [2; 3]. Free triiodothy-
ronine and consolidated thyroxine (FT3 and FT4) en-
ter cells through transmembrane carrier proteins and
the most well-known mechanisms of their action are
based on the regulation of transcription mediated by
nuclear receptors. However, some cellular activities
are initiated by THon the plasma membrane and are
designated as "non-genomic" [2].

The HPT axis interacts with other regulatory
axes — hypothalamic-pituitary-gonadal and adrenal.
Thus, TG-releasing hormone of the hypothalamus
is able to stimulate the release of prolactin, and TH
hormones are able to regulate the mammotropic
effects of prolactin and affect the metabolism of
sex steroids [4], on the other hand, the activity of
deiodinases is under the endocrine influence of sex
steroids and prolactin [5].

Hypothyroidism refers to a pathological condition
of thyroid hormone deficiency. The lack of adequate
therapy can lead to serious adverse health conse-
quences and, ultimately, to death [6]. Hypothyroidism
is a common disease affecting about 5 % of the pop-
ulation, and is more common in women [7].

Due to the pleiotropic effect of thyroid hormones,
hypothyroidism can also affect the course of other
diseases. The mechanism of the relationship be-
tween thyroid dysfunction of both hypo- and hyper-
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thyroidism and the risk of cancer remains unclear,
and the data of epidemiological and experimental
studies are quite contradictory [8; 9]. Some studies
have found that women with hypothyroidism are
at a higher risk of breast cancer than women with-
out hypothyroidism, and taking levothyroxine may
reduce the risk of breast cancer in women with hy-
pothyroidism [10]. Other studies have reported that
higher levels of TSH in the blood, as a biomarker
of hypothyroidism, are associated with a reduced
risk of breast cancer [11]. While Khan S. R. et al.
In his studies, he did not reveal a link between hy-
pothyroidism and breast cancer (BC) [12]. Wang
Y. et al. It has been reported that high serum TSH
levels improve the results of treatment of head and
neck cancer, glioma and breast cancer, but are as-
sociated with poor results of treatment of renal cell
carcinoma [13].

At the same time, experimental data have shown
that T4 and T3 have proliferative and anti-apoptotic
effects on breast cancer tumor cells, regulating
gene expression and stimulating estrogen-like ef-
fects [9; 14]. The role of TH in the pathophysiolog-
ical mechanism of proliferation and differentiation
in malignant tumor cells remains controversial,
however, it is known that their elevated level may
correlate with a worse prognosis of the course of
the disease [15].

The increased risk of malignant neoplasms of
various localizations under the influence of taking
thyroid hormones for the treatment of hypothyroidism
can be explained by the fact that TH increases the
activation of mitochondrial function responsible for
the overproduction of ROS. An increased level of ROS
may be associated with increased oxidative stress
in the body and the further development of cancer.
Previous studies have shown that oxidative stress
can disrupt cell function and, consequently, leads
to a number of chronic disease conditions, including
cancer and autoimmune diseases [16].

However, since the mechanisms explaining the link
between thyroid dysfunction and cancer risk have not
been fully determined, a new approach is needed to
further study the causal relationship between them.
An experimental animal model, taking into account
gender, may be the best option for determining a pos-
sible biological mechanism.

The purpose of the study was to study changes in
the pathophysiological parameters of the growth of
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the transplant tumor and the functional activity of the
hypothalamic-pituitary-thyroid axis (HPT) in rats of
both sexes with Guerin carcinoma on the background
of induced hypothyroidism.

MATERIALS AND METHODS

The experiment was performed on white mon-
grel rats of both sexes weighing 150-180 g. The
animals were obtained from the Research Center
for Biomedical Technologies of the FMBA (Andreev-
ka branch, Moscow region). Laboratory animals
were kept under natural lighting conditions with
free access to water and food. Work with animals
was carried out in accordance with the rules of the
"European Convention for the Protection of Ver-
tebrate Animals used for Experimental and other
Scientific Purposes” (Directive 2010/63/EU), as well
as in accordance with the "International Recommen-
dations on conducting Biomedical research using
animals" and the order of the Ministry of Health of
the Russian Federation dated June 19, 2003 No. 267
"On approval of the rules of laboratory practices".
Manipulations with animals were performed in the
box in compliance with the generally accepted rules
of asepsis and antiseptics.

The study used a culture of Guerin's carcinoma
obtained from the N. N. Blokhin National Medical
Research Centre of Oncology. The material for
transplantation was obtained from donor rats on
the 12th-16th day of tumor growth. Transplantation
of Guerin's carcinoma to animals was carried out by
standard injection of 0.5ml tumor suspension under
the skin of the right scapula in proportions of 1:10
in saline solution.

White mongrel rats of both sexes for 30 days re-
ceived the pharmacopoeial thyrostatic drug merca-
zolil (Akrikhin Russia) (active ingredient Thiamazole)
at a daily dose of 2.5 mg/100 g of weight (the total
dose was 75 mg/100 g of weight). The animals did
not refuse to eat, gained weight, deterioration of the
appearance of the skin and hair, lethargy and drows-
iness were registered. Hypothyroidism in animals
was confirmed by determining the serum content of
total thyroxine and thyroid-stimulating hormone by
radioimmune assay (RIA) using standard kits (Im-
munotech, Czech Republic) after 30 days of taking
thyrostatica. Animals of each sex were divided into
the following groups:

C KapuuHoMoit FepeHa Ha oHe runoTupeosa

The main group, after receiving persistent hypothy-
roidism to study its effect on the growth of malignant
tumors, groups of animals of both sexes (15 females
and 15 males) were subcutaneously transplanted
with Guerin's carcinoma

Control group No. 1 animals of both sexes with
hypothyroidism (n = 15 females and n = 15 males

Control group No. 2 animals of both sizes (n =15
females and n = 15 males) with subcutaneous graft-
ing of Guerin's carcinoma in the same dose and vol-
ume as in animals from the main groups.

Intact animals of both sexes (10 pieces each).

Animals with tumor growth — control group No. 2
and the main group were decapitated after 14 days
of growth of Guerin's carcinoma. Animals of control
group No. 1 and intact rats were decapitated at the
same time as the main group. In the blood and 10 %
of tumor homogenates, perifocal zone, thyroid gland
and 1 % of pituitary homogenates, the level of thyroid
hormones and TSH was determined using standard
kits, in 1 % of hypothalamus homogenates, the level
of TG-releasing was determined by the enzyme im-
munoassay (ELISA) method.

In addition, in 60 rats of both sexes (15 animals
each), the dynamics of tumor growth and average life
expectancy were studied with the growth of Guerin's
carcinoma in its own variant and against the back-
ground of induced hypothyroidism.

Statistical analysis of the results was carried out
using the Statistica 10.0 software package. The data
obtained were analyzed for compliance with the nor-
mal distribution law using the Shapiro-Wilk criterion
(for small samples). Quantitative data in the groups
were compared using the Student and Mann-Whit-
ney t-test. The data of the tables are presented in
the form of M + m, where M is the arithmetic mean,
m is the standard error of the mean, p < 0.05 was
taken as the level of statistical significance. The
obtained results were statistically processed in
compliance with the general recommendations for
medical research.

RESEARCH RESULTS

The features of tumor growth during standard
grafting of Guerin's carcinoma and grafting on the
background of hypothyroidism in rats of both sexes
are presented in Tables 1 and 2. Subcutaneous tumor
in female rats of the main group started being deter-
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mined 4 days after grafting, the tumor was grafted  detected after 4 days, the transferability was 100 %.
in 80 % of females, whereas in 20 % of female rats  In the females of the main group, at all stages of
with hypothyroidism, Guerin's carcinoma did not re-  tumor measurement, the average volume was less
produce. In the control group, the tumor was also  than in the control group: 1.3 times after 4 days, 1.4

Table 1. Dynamics of tumor growth and survival in female rats with Guerin's carcinoma

Main group Control group

Study timeline Hypothyroidism + Guerin's carcinoma Guerin’s carcinoma

(Tumor V, cm?3) (Tumor V, cm?)
4 days 0.12+0.01" 0.16 £ 0.06
7 days 2.28 £ 0.53 3.18+0.33
10 days 13.214£0.93" 18.40 £ 2.42
14 days 27.28 £1.62" 4476 + 3.98
18 days 55.94+ 54" 70.30+4.78
21 days 75.73 £ 6.88" 107.96 +9.01
Baldness on the skin appearance From day 11 Not detected
Necrotic areas appeared on the skin Not detected From day 14
Average life span (days) 29.3+1.2" 18.2+1.4
First lethal outcome in group Day 24 Day 13
Last lethal outcome in group Day 33 Day 26

Note: 1 - statistically significant differences compared to the indicators in animals of the control group p < 0.05

Table 2. Dynamics of tumor growth and survival in male rats with Guerin's carcinoma on the background of hypothyroidism

Main group Control group

Study timeline Hypothyroidism + Guerin’'s carcinoma Guerin’s carcinoma

(Tumor V, cm?) (Tumor V, cm?3)
4 days 0.04 £ 0.004" 0.50 £ 0.04
7 days 0.5 +0.002 3.82+0.27
10 days 7.94 £ 0.80 14.74+1.15
14 days 15.61 £ 1.40 40.68 + 3.81
18 days 4490+3.74 52.84+5.48
21 days 72.93+7.09 77.50 £ 6.25
Necrotic areas appeared on the skin Not detected From day 7
Average life span (days) 23.7+2.1 20.0+1.3
First lethal outcome in group Day 20 Day 14
Last lethal outcome in group Day 25 Day 24

Note: 1 - statistically significant differences compared to the indicators in animals of the control group p < 0.05.
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times after 7 and 10 days, 1.5 times after 14 days,
1.3 times after 18 days and 1.4 times after 21 days
(p < 0.05). At the same time, the survival rate of fe-
male rats of the main group was 1.6 times (p < 0.05)
higher compared to rats of the control group. The
first death of animals of the main group occurred
24 days later, 11 days later, compared with the first
death of animals in the control group.

The study of the growth dynamics of Guerin's
transfused carcinoma against the background of
hypothyroidism in male rats is presented in Table 2.
Subcutaneous tumor in male rats of the main group
and control group in 100 % of cases began to be
determined 4 days after the transfusion. In males
of the main group, compared with the indicators in
control animals, the average tumor volume at the
stages of the experiment from day 4 to 14 was less:
after 4 days by 13.3 times, after 7 days by 7.5 times,
after 10 days by 1.9 times, after 14 days by 2.6 times
(p < 0.05). However, after 18 days and after 21 days,
there were no significant differences in tumor vol-
umes. The average life expectancy of the animals
had no significant differences compared to those of
the males of the control group.

Taking into account the sex differences in the
effect of hypothyroidism on the growth of Guerin's

C KapuuHoMoit FepeHa Ha oHe runoTupeosa

transfused carcinoma, we further conducted studies
of the level of TH, as well as the main regulators of
the HPT axis in blood and tissues. Indicators of the
content of TH and TSH in the blood of rats of control
and main groups are presented in Table 3.

It was found that in female and male rats with
induced hypothyroidism (control group 1), the blood
level of total T4 was lower than in intact animals by
7.3 times and 2 times, respectively, and TSH was
increased by 1.6 times and 1.5 times. In addition, the
level of total T3 was reduced by 1.3 times in male
rats. At the same time, we have not established
a change in the blood content of free forms of thy-
roid hormones in animals of both sexes.

It turned out that the growth of Guerin's carcinoma
(control group 2 animals) also affected the content
of thyroid hormones in the blood. Thus, in female rats
with tumor growth, compared with the indicators in in-
tact animals, the level of not only total T4 decreased by
2.0 times, but also free forms of thyroxine and triiodo-
thyronine (FT4 and FT3) by an average of 1.4 times,
despite the 1.6-fold increased content of total T3 and
the absence of changes in the concentration of TSH.

In males of control group 2, a decrease in both
general forms of TG was found: T4 by 4.7 times, T3
by 2.8 times, but also free forms — FT4 by 2 times

Table 3. The level of serum thyroid hormones in rats of both sexes

Mpynnbl FT4 pMol/L FT3 pMol/L T4 pMol/L T3 pMol/L TTE mclU/ml
Female
Intact 15.73+0.37 5.85+0.14 61.29 +1.33 1.07 £0.06 0.085+0.0015
Control 1 19.35+1.20 5.82+0.17 8.45 1 0.28' 0.95+0.07 0.14 £ 0.006’
Control 2 11.25+0.14 417 +£0.11 28.12+0.79" 1.76 £ 0.08’ 0.07 + 0.004
Main group 8.85 1 0.34"23 3.5+0.1312 26.70 £ 0.92'2 0.55 £+ 0.02"23 0.07 £ 0.0032
Male
Intact 20.11 £ 0.90 5.83+0.30 75.77 £1.15 1.46 £ 0.07 0.083 +0.003
Control 1 17.18 +0.18 6.15+0.26 38.51 £ 0.70° 1.11 £ 0.06" 0.122 + 0.004"
Control 2 9.86 + 0.44'2 4.32+0.19"2 15.98 £+ 0.64'2 0.72£0.03'2 0.140 £ 0.005"
Main group 5.72+0.35"23 1.85+0.08"23 11.32+0.48"23 0.52+0.03"23 0.310 £0.0711"23

Note: significant differences compared to: 1 — with intact animals of the corresponding sex; 2 — with control group 1; 3 = with control

group 2 (p < 0.05).
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and FT3 by 1.3 times, against the background of an
increased level of TSH by 1.8 times.

In the females of the main group, the level of
common forms of thyroid hormones in the blood
was lower than in intact animals T4 2.3 times and
T3 1.9 times. The concentration of FT4 and FT3
was also 1.8 times and 1.7 times lower than normal,
respectively. At the same time, the T4 content was
3.2 times higher than in animals with independent
hypothyroidism, but had no significant differences
from the indicators in females in control 2, and the
T3 concentration was 1.7 times lower compared
to the indicators of control group 1 and 3.2 times
lower compared to control group 2. The level of FT4
in the blood of the females of the main group was
2.2 times lower than with hypothyroidism, and 1.3
times lower than with independent tumor growth,
while the concentration of FT3 in the blood was
1.7 times lower than with hypothyroidism and had
no significant differences from the indicators with
independent growth of Guerin's carcinoma. The
TSH level in the blood of the females of the main
group was 2 times lower than in animals with hy-
pothyroidism and did not differ from the indicators
in intact animals and animals with independent
tumor growth.

In males of the main group, the concentration of
T4 in the blood was 6.7 times lower than in intact
animals, compared with hypothyroidism by 3.4 times,
compared with independent tumor growth by 1.4
times. The T3 content was also lower compared to
the indicators: intact animals by 2.8 times; males
with hypothyroidism — by 2.1 times, with the level of
animals with tumor growth by 1.4 times. As for free

forms, their content in the blood of males of the main
group was lower than in intact animals and in control
groups No. 1T and No. 2: FT4 3.5 times, 3 times and
1.7 times, respectively, and FT3 3.2 times, 3.3 times
and 2.3 times, respectively. The TSH level in males
of the main group exceeded the indicators in intact
animals by 3.9 times, control 1 by 2.6 times, control
2 by 2.2 times.

Further, a study was conducted of the central links
of the regulation of the HPT axis, namely, the level
of TG-releasing in the hypothalamus and TSH in the
pituitary gland in animals of the main and control
groups (Table 4).

It was found that in female rats of both the main
and control groups No. 1 and No. 2, the content of
TG-releasing in the hypothalamus was lower than in
intact females by 2.9 times, 2.1 times and 2.2 times,
respectively. It should be noted that in animals of
control group 1, the concentration of TG-releasing
was lower than in the main and control group No.
2 by an average of 1.4 times. Only female rats of
the main group showed a decrease in the content
of TSH in the pituitary gland by an average of 1.4
times compared with the intact and control group
animals.

In male rats, the level of TG-releasing in the hy-
pothalamus was lower than normal, and TSH in the
pituitary gland was higher, only in animals with inde-
pendent hypothyroidism and combined with tumor
growth —in control group 1 and the main group — 2.2
times and 3.5 times, respectively, and 1.4 times and
1.2 times, respectively. With the independent growth
of Guerin's carcinoma, no significant differences in the
content of these regulatory peptides were revealed.

Table 4. The content of TSH-releasing hormone in the hypothalamus and TSH in the pituitary gland of rats with the growth of

Guerin's carcinoma on the background of hypothyroidism

Groups Female Male

Indicators TH-releasing, TSH pituitary TH-releasing, TSH pituitary
Hypothalamus (pg/gt) (mIU/gt) Hypothalamus (pg/gt) (mlU/gt)

Intact 42.57+2.24 0.28+0.015 30.7+1.78 0.25+0.015

Control 1 14.6 £ 0.56'"3 0.28 £0.019 14.2 £0.64'3 0.35+0.012'3

Control 2 20.5+1.21'2 0.29+0.017 36.1+1.222 0.27 £ 0.0162

Main 19.26 +£1.10"2 0.20 £ 0.01'23 8.7 £ 0.47'23 0.31 £ 0.026'

Note: significant differences compared to: 1 — with intact animals of the corresponding sex; 2 — with control group 1; 3 — with control

group 2 (p < 0.05).
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Table 5. Thyroid hormone and TSH levels in the thyroid gland in rats

Ipynnbi FT4 pM/gt FT3 pM/gt T4 pM/gt T3 pM/gt TTI mclU/gt
Female
Intact 37.52+2.17 4594 +1.68 29.50+0.97 3.59 £+ 0.11 1.97 £0.05
Control group 1 52.95+1.23" 91.86 £ 1.52 1.22 £0.05"3 0.07 £ 0.004"3 1.57 £0.07
Control grou 2 61.31 1 0.66' 119.61+12.18" 9.57 +0.51'2 1.43+0.06"2 1.63+0.058
Main group 31.90 £ 0.65'23 24.41 £ 0.62'2° 3.19+0.17"%3 0.72 £ 0.04'23 5.71+0.13'28
Male

Intact 23.66 + 0.49 21.79 £ 0.68 26.61 +1.06 5.37+0.28 0.26 £ 0.01
Control group 1 14.21 £+ 0.83'® 7.94 +0.33" 9.55+0.45"3 0.59 £ 0.03'3 1.43+0.05"®
Control grou 2 59.89 +1.14'2 9.03+0.37" 91.90 + 1.89'2 7.41 £0.36"2 0.20 + 0.07"2
Main group 7.99 £0.96"23 2.18 £ 0.14"23 9.19+0.23"3 1.21 £ 0.08"23 0.15+0.004"23

Note: significant differences compared to: 1 — with intact animals of the corresponding sex; 2 — with control group 1; 3 — with control

group 2 (p < 0.05).

Table 6. The level of thyroid hormones and TSH in the tumor and perifocal zone in rats with Guerin's carcinoma and
hypothyroidism+Guerin's carcinoma

Groups FT4 pM/gt FT3 pM/gt T4 pM/gt T3 pM/gt
Female
Control tumor 4.85+0.23 3.88+0.20 25.32+0.41 0.52 +0.02
Control group p/zone 3.12+0.16 1.18 £ 0.06 14.40 £ 0.29 0.48 £ 0.02
Main group tumor 1.73+0.03" 2.40 £ 0.077 16.11 £ 0.327 0.59 £+ 0.02
Main group p/zone 3.32+0.11 1.30 £0.07 20.91 £ 0.422 0.55+0.02
Male

Control tumor 1.47 £0.08 417 +0.14 23.83+0.69 0.53+0.03
Control group p/zone 4.57 +0.10 2.17 £ 0.055 19.61 +0.56 0.51 £ 0.01
Main group tumor 1.73+£0.06 3.12+0.13" 20.33+0.54 0.52+0.03
Main group p/zone 1.41 £ 0.042 0.27 £0.012 28.20 + 0.88? 0.52+0.24

Note: significant differences compared to: 1 — with the tumor of the control group of the corresponding sex; 2 — with the perifocal zone of the
control group of the corresponding sex (p < 0.05).
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Next, the level of thyroid hormones and TSH in
the peripheral organ - the thyroid gland was studied
(Table 5).

It was found that in female rats of the control and
main groups, a decrease in the level of T4 and T3
was found in the thyroid gland in varying degrees
of severity, against the background of normal TSH
content in the control groups and an increase of 2.9
times in the main group. The maximum decrease in
the level of common forms of T4 and T3 in the thyroid
gland — by 24.2 times and 51.3 times was found in
control group No. 1, in female rats of control group 2
and the main group, the level of T4 and T3 was lower
than the values of intact animals by 3.1 and 2.6 times
and by 9.5 and 5.1 times, respectively.

Concentrations of free forms FT4 and FT3 in the
thyroid gland in female rats of control group 1, de-
spite the low level of common forms, were increased
by 1.4 times and 2 times, respectively, compared with
intact animals. In control group No. 2, the level of
FT4 and FT3 in the thyroid gland was 1.6 times and
2.6 times higher than normal. In the main group, the
FT4 content had no significant differences from the
indicators in intact animals, and FT3 in the thyroid
gland of females was 1.9 times lower.

In male rats with hypothyroidism independent
and combined with tumor growth in the thyroid
gland, a reduced content of common and free
forms of thyroid hormones was also noted. Thus,
the level of T4 in males of control group 1 and the
main group was lower than in intact animals by
an average of 2.8 times, T3 by 8.5 times and 4.3
times, respectively; the concentration of FT4 is 1.7
times and 3 times lower, respectively, and FT3 by
2.7 times and 10.3 times, respectively. With the
independent growth of Guerin's carcinoma, on the
contrary, the level of T4 and T3 was 3.5 times and
1.4 times higher than normal, respectively, and FT4
2.5 times. Only the FT3 content in male rats with
tumor growth turned out to be 2.4 times lower than
in intact animals. In males with hypothyroidism,
the level of TSH in the thyroid gland was 5.4 times
higher than in intact animals, whereas in the main
group, the concentration of TSH, on the contrary,
was 1.7 times lower.

Next, the level of thyroid hormones in the tumor
and its perifocal zone was studied in animals with
independent growth of Guerin's carcinoma and com-
bined with hypothyroidism (Table 6).
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It was found that in the females of the main group
in the tumor, the level of total T4 was 1.6 times lower,
and FT4 was 2.8 times lower, and FT3 was 1.6 times
lower, compared with the samples of independently
growing Guerin carcinoma. At the same time, there
were no significant differences in the level of total
T3 in the control and main groups.

In the perifocal zone in the females of the main
group, only the level of T4 was 1.5 times higher than
in the animals of the control group, and the content of
T3, FT3 and FT4 had no significant differences from
the indicators in the perifocal zone of the females of
the control group.

In male rats of the main group, compared with the
control group, the content of T4, T3 and FT4 in the tu-
mor samples had no significant differences, and only
FT3 was reduced by 1.3 times. In the perifocal zone
in the males of the main group, the T4 level was 1.4
times higher, T3 had no significant differences from
the indicators in the control group, while FT4 was 2.7
times lower and FT3 was 8 times lower compared
to the control group.

DISCUSSION

Our studies have shown that the growth of subcu-
taneously transplanted Guerin's carcinoma against
the background of hypothyroidism had sexual speci-
ficity: in females, the tumor was transplanted only in
80 % of cases, there was inhibition of tumor growth,
the life expectancy of animals increased. In male
rats, Guerin's carcinoma was subcutaneously trans-
ferred, as in the control group in 100 % of cases,
some slowing of tumor growth was detected up to
14 days, but then the tumor volume increased, and
life expectancy did not have significant differenc-
es from the indicators in the males of the control
group. We assume that a significant increase in the
average life expectancy in female rats of the main
group compared with the control group may indicate
a decrease in the aggressiveness of the course of
the disease and be associated with a change in the
functional activity of the HPT axis, both central reg-
ulatory links and peripheral, as well as directly local
TG content in tumor samples. At the same time,
the main group of males is of particular interest, in
which, despite the presence of hypothyroidism, there
was no change in the average life expectancy of
animals. In connection with such sexual differences
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in the course of the malignant process against the
background of comorbid pathology, of course, first
of all it is worth paying attention to the differences
in the functioning of the HPT axis of animals of
control groups No. 1.

Experimental hypothyroidism induced in rats of
both sexes and confirmed by blood test results, with
elevated TSH levels and reduced T4, was also accom-
panied by a decrease in the hypothalamus content
of TG-releasing, without change in females, but an
increase in males in the pituitary gland of TSH. At
the same time, in the thyroid gland of animals of
both sexes, a decrease in general forms of TG and
free forms of TG was revealed only in males. That
is, we can note the sexual differences in the func-
tioning of the pituitary gland and thyroid gland in
response to the effects of thyrostatics. It is known
that hypothyroidism affects the female part of the
population to a greater extent [17], it is possible that
the experimental increase in the level of TSH in the
pituitary gland in males in response to low concentra-
tions of TG-releasing in the hypothalamus indicates
a greater resistance of the male body to the effects
of thyrostatics. Literature data indicate that central
hypothyroidism is quite rare and equally affects both
sexes, is more often associated with disorders of the
pituitary gland than with the hypothalamus, but often
includes both [18].

Since in our study it was found that in females,
unlike males, hypothyroidism had an inhibitory ef-
fect on the growth of subcutaneously transplanted
Guerin's carcinoma, in order to consider the possible
mechanisms of the sexual specificity of the func-
tioning of the HPT axis in animals with the growth
of a malignant tumor against the background of hy-
pothyroidism, it is of particular interest to analyze
how the independent growth of Guerin's carcinoma
affected the factors HPT axis.

Literature data indicate that under the influence of
many factors, including starvation, trauma, myocar-
dial infarction, infection, surgery, inflammation, etc.
in patients with normal thyroid function, a number of
thyroid hormone level disorders occur, a decrease
in TG levels is noted in the blood serum, without an
increase in TSH levels, aggravated with increasing
severity and duration of the disease. This condition
is called euthyroid weakness syndrome, euthyroid
disease syndrome or low3/low4 syndrome. At the
same time, a violation of thyroid hormone levels is

C KapuuHoMoit FepeHa Ha oHe runoTupeosa

secondary to various clinical diseases due to normal
primary thyroid function [19; 20].

At the same time, the functioning of the HPT
axis during the growth of malignant tumors has
its own characteristics. Patients with cancer of
various localizations are characterized by multidi-
rectional changes in thyroid hormones in the blood,
controlled or not controlled by TSH [21; 22]. The
specificity of changes in the thyroid hormonal back-
ground in cancer patients may also be associated
with the presence or absence of metastases [23]
or comorbid diseases [24]. In addition, experimen-
tal studies have shown that functional changes
in the HPT axis have sexual specificity. Thus, in
an experiment with transfused melanoma B16/
F10 mice of the C57BI6 line, deep thyroid hypo-
function with loss of pituitary control in males and
normal production of common forms of TG, with
a decrease in free forms of hormone in females,
was revealed [25-27].

In the present study, we found that in response to
the independent growth of the tumor, only female rats
in the hypothalamus had a reduced level of TG-re-
leasing, whereas in males it remained within the
normal range. At the same time, in animals of both
sexes, the content of TSH in the pituitary gland did
not change. That is, in this case, only females were
characterized by the involvement of the central link
of regulation in the change in the functional activity
of the HPT axis. As a result, in the thyroid gland of
female tumor carriers, a decrease in the level of com-
mon, but an increase in the content of free forms of
TG was revealed, whereas in males, on the contrary,
an increase in the general forms of TG and FT4, but
a decrease in FT3.

Despite the sex differences in the hormonal satu-
ration of the thyroid gland, in the blood of males with
Guerin's carcinoma, a decrease in the level of both gen-
eral and free forms of TG was revealed, accompanied
by a high content of TSH, which corresponds to clinical
hypothyroidism. In females with Guerin carcinoma
in the blood, against the background of normal TSH
content, low T4, FT4 and FT3 values were determined,
which corresponds to lowT3/lowT4 syndrome.

It is known that thyroid insufficiency syndrome is
associated with systemic changes in the immune
and endocrine systems. In the modern literature
it is reported that its specific mechanisms mainly
include changes in the metabolism of thyroid hor-
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mones, secretion of TSH, protein binding TG in serum,
transmembrane transport of thyroid hormones, nu-
clear receptors. Consequently, in low FT3 syndrome,
various factors lead to an abnormal response of the
body and disorders of metabolism, regulation, trans-
membrane transport and binding of thyroid hormone
receptors [20]. Most of the literature shows that the
hypothyroid state correlates with the severity of the
disease, and a decrease in FT3 levels can be used
as a prognostic marker of an unfavorable course of
the disease [28].

Thus, we found that the studied control groups -
hypothyroidism and the independent growth of
Guerin's carcinoma, had a sexual specificity of
changes in the activity of the HPT axis links. In
response to tumor growth, the level of TG-releas-
ing in the hypothalamus decreased only in female
rats, while hypothyroidism caused a decrease in
the content of the regulatory peptide in animals of
both sexes. Only in males, hypothyroidism caused
multidirectional changes in the level of regulatory
peptides in the hypothalamus and pituitary gland
(TG-releasing and TSH). Only in males, the growth
of Guerin's carcinoma caused the accumulation of
common forms of TG in the thyroid gland, against
the background of low blood content. Therefore,
of particular interest was the study of the growth
of a malignant tumor against the background of
hypothyroidism in animals of both sexes — the main
group of our study.

In the main group, the sex specificity of changes
in the activity of the HPT axis links was revealed,
which was probably one of the reasons for slowing
tumor growth only in females, unlike males, since it
is known that thyroid hormones play a key role in the
proliferation and differentiation of solid tumors [9].

In female rats of the main group, inhibition of the
growth of Guerin's carcinoma on the background of
hypothyroidism was revealed with a decrease in the
level of not only TG-releasing in the hypothalamus,
but also TSH in the pituitary gland against the back-
ground of low content of common forms of TG and
FT3 both in the peripheral organ and in the blood. It
should be noted that the content of TSH in the thy-
roid gland is sharply increased, but without entering
the blood.

In males of the main group, there was no inhibition
of tumor growth, similar to females, while in males,
against the background of a decrease in the level of
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TG-releasing in the hypothalamus, the level of TSH
in the pituitary gland even increased. Judging by the
indicators of TG and TSH in the blood of males of
the main group, thyroid dysfunction by the type of
hypothyroidism was aggravated, since the level of
TSH in the blood increased compared to the control
groups, and the content of TG decreased even more,
in addition, the thyroid gland had minimal, compared
with the control groups, indicators of free forms of
TG and reduced, as with independent hypothyroidism,
the level of T4.

There are experimental studies showing that
induced hypothyroidism in rats reduces the inci-
dence of breast cancer and tumor volume, and also
increases the latent period of tumor development,
but when these rats were treated with thyroxine, the
anti-cancer protective effects of hypothyroidism were
reversed [29].

We suggest that conflicting clinical data on the
role of thyroid dysfunction on the risk of cancer of
various localizations may be related to sexual speci-
ficity, as well as hormonal dependence of the tumor,
which may be determined by histological structure,
degree of differentiation, as well as polymorphism of
various genes and many other factors. In this regard,
the local saturation of thyroid hormones of the tumor
and its perifocal zone, depending on the state of the
HPT axis, is of interest.

In our study, it was found that in animals with inde-
pendent growth of Guerin's carcinoma in tumor sam-
ples, the content of T4, T3 and FT3 in females and
males was the same, and the average life expectancy
did not differ. At the same time, tumor samples in
males of the main group, with the growth of Guerin's
carcinoma on the background of hypothyroidism,
were also saturated with T4, T3 and FT4, as well as
samples of the control group, whereas in females
with Guerin's carcinoma on the background of hy-
pothyroidism, a decrease in the level of T4, FT4 and
FT3 was found in the tumor.

CONCLUSION

Thus, the sexual specificity of the development
of the malignant process against the background
of hypothyroidism was revealed, which manifested
itself in the following: in female non-linear white rats
with hypothyroidism, the increase in the volume of
tumor nodes of Guerin's carcinoma, transplanted
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subcutaneously, developed more slowly than in the
control group, and the life expectancy of the animals
was 1.6 times longer. In males of non-linear white
rats with hypothyroidism, the increase in the volume
of tumor nodes of Guerin's carcinoma, transplanted
subcutaneously, did not develop evenly, in terms of
up to 14 days slower, but then did not differ from the
indicators of the control groups, while the life expec-

C KapuuHoMoit FepeHa Ha oHe runoTupeosa

tancy did not have significant differences. The sex dif-
ferences revealed in this study during the malignant
process against the background of hypothyroidism,
as well as changes in the functional activity of the
HPT axis in experimental animals, can probably be
associated with sex hormones, which requires further
investigation of the HPT axis and indicators of steroid
hormones in peripheral organs and tumor samples.
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ABSTRACT

Purpose of the study. An analysis of changes in the expression of the VEGF neoangiogenic factor in the tumor tissue of
patients with squamous cell carcinoma of the oral mucosa receiving targeted therapy with cetuximab and chemotherapy.
Patients and methods. We performed an immunohistochemical study of tumor samples obtained from 60 patients with
squamous cell carcinoma of the oral mucosa T3-4N0-1M0. The main group comprised 30 patients who received therapy with
cisplatin and fluoruracil plus cetuximab. The control group included 30 patients receiving standard chemotherapy without
targeted therapy. Each group was divided into two subgroups with different treatment efficacy: patients sensitive to treatment
(n =17 in the group with cetuximab and n = 12 in the group without cetuximab) and resistant to treatment (n = 13 in the group
with targeted therapy and n = 18 in the group with standard chemotherapy).

Results. Quantification of the VEGF expression demonstrated minimal numbers of vessels stained positively for this marker
in the field of view in patients of the main group sensitive to chemotherapy and cetuximab. The value was 5.3 times lower
than initial values, and 4.3 times lower than in the subgroup of patients resistant to the treatment (the data were statistically
significant, p = 0.0132 and p = 0.0455, respectively). In the control group, patients who were sensitive to the treatment showed
1.4 times lower values than initially (p = 0.921), and patients who were resistant to the treatment had 1.1 times lower values
than initial values (p = 0.936). The data were not statistically significant.

Conclusions. The study showed that the number of microvessels in patients resistant to chemotherapy and cetuximab was
4.3 times higher than in patients with effective targeted therapy (p = 0.0455). The differences in the control group were not
statistically significant.
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OPUTUHATIbBHASA CTATbA

JUHAMUKA U3MEHEHWUA AKCITPECCUU ®AKTOPA HEOAHTUOTEHE3A VEGF

B BUONMTATAX OMYXOIEBOW TKAHU Y BOJIbHbIX NNOCKOKNETOYHbIM
PAKOM C/TU3UCTON OBOI04KN NONOCTY PTA MPU NMPOBEAEHWN TEPANUU
LLEETYKCUMABOM U XUMUOTEPATTUU

A. A. JlbsiHoBa™, /1. 10. Bnagumupoea, E. 1. YnbsaHoBa, H. A. A6pamoBa, A. 3. CTopoxakoea, W. J1. Monoea,
H. M. TuxaHoBckas, M. A. Tennskoga, J1. A. Pagunckas, U. A. YaaneHkoBa, E. A. KanabaHoBa, C. H. KabaHoB

HMWL| oHkonoruwm, r. PoctoB-Ha-[loHy, Poccuiickas Gegepauus
B4 blackswan-11@mail.ru

PE3IOME

Llenb uccneposanus. N3yunTb nameHeHmne akcnpeccum paktopa HeoaHrnoreHesa VEGF B TKaHu onyxonu npu nposegeHun
TapreTHoOW Tepanum LeTyKCMMaboM 1 XMMUOTEPanumM y 6051bHbIX MIOCKOKNETOYHbIM PakoM CAU3UCTOM 060/104KM MONOCTY pTa.
MauneHTbl U MeToAbl. BbINo NpoBefEHO MMMYHOTMCTOXMMUYECKOE UCCNef0BaHe 06pasLoB ONYX0NeBON TKaHW, Nony-
YeHHbIX OT 60 60/1bHbIX C NMJIOCKOKIETOYHbIM PakoM CNM3nUcTon o6ono4ku nonoctu pra T3-4N0-1MO. OcHoBHYto rpynny
coctaBuan 30 nauueHToB, KOTOpPbIM Gblfla NPOBeAeHa JieKapCTBEHHasA Tepanus npenapaTaMu LMCnaaTvH u Gropypaumn
¢ fjo6aBneHneM LieTykcumMaba. KoHTponbHyto rpynny Takxe coctaBuin 30 60/bHbIX, KOTOPbIE NOABEPrannch CTaHAAPTHO
XMMuoTepanumu 6e3 TapreTHoi Tepanuu. Mo cteneHn ahhHeKTUBHOCTU Kaxaas U3 uccnepyembix rpynn 6biaa nopeneHa Ha
[Be NMoArpynnbl: N0 YyBCTBUTENIbHOCTY K JSiedeHuto (n = 17 B rpynne ¢ LeTykcumMaboM 1 n = 12 B rpynne 6e3 LeTykcumasba)
1 MO Pe3UCTEHTHOCTU K NleyeHuto (n = 13 B rpynne ¢ TapreTHoW Tepanuei u n = 18 B rpynre co CTaHAapTHOM XMMuoTepanueit).
Pesynbratbl. [pn KonMyecTBeHHO oueHKe akcnpeccun VEGF 6b1510 BbISIBNEHO, YTO MUHUMAaJIbHOE KOIMYECTBO COCYA0B,
9HAOTENNIA KOTOPbIX OKPaLLEH AaHHbIM MapKepoM B MoJie 3peHus], Habntohanoch y naLMeHToB OCHOBHOW Ipynmbl C YyBCTBU-
TenbHOCTbIO K XT U ueTykcumaby. [laHHbI noka3aTenb 6bi1 HUKe B 5,3 pa3a No CpaBHEHUIO C UCXOAHBIMU 3HAYEHUSMU
1 B 4,3 pa3a No CpaBHEHUIO C NOATPYNMON NaLMEHTOB, Y KOTOPbIX HabntoAanacb Pe3VCTEHTHOCTb K AaHHOMY NeYeHUIo
(maHHble cTaTucTUYeCKK 3HaUMMbI p = 0,0132 1 p = 0,0455, COOTBETCTBEHHO). YTO KacaeTcs KOHTPOJIbHOW rpynrbl, TO
6bINI0 OTMEYEHO, YTO MPU YYBCTBUTEIbHOCTU K MPOBOAMMOMY JIEYEHUIO 3HAYEHUS 6bln B 1,4 pa3a HUXKE UCXOAHbIX Ludp
(p = 0,921), a npu pe3ncTeHTHOCTM — B 1,1 pasa HMXKe OTHOCUTENIbHO UCXOAHDBIX LUndp (p = 0,936). [aHHble OKa3anuch CTa-
TUCTUYECKMN HE 3HAYUMDBI.

3akntoyeHne. B xoae nccnefoBaHWA HaMU BbISIBIEHO, YTO NPY HaMYMKN PE3UCTEHTHOCTU K XMMUOTEPANuM 1 LieTyKcuma-
6y KONMYeCTBO COCYA0B B MUKPOLIMPKYIATOPHOM pyciie 6b110 B 4,3 pa3a BbiLle N0 CPaBHEHUIO C 60JIbHbIMY, Y KOTOPbIX
Habntoganca apdekT oT TapreTHoi Tepanuu (p = 0,0455). B KOHTPONBbHOM rpynre 3HaYeHUsi OKasannucb CTaTUCTUYECKM
He3HaYUMbIMMU.

KnioueBble cnoBa:
NJIOCKOKIETOYHbIN paK CM3UCTON 060/104KM MOSTIOCTU PTa, YyBCTBUTENIbHOCTD, PE3UCTEHTHOCTb, VEGF,
HeoaHrMoreHes, TapreTHasl Tepanus, LeTykcumab
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RELEVANCE

Oncological diseases are one of the causes of
mortality and disability worldwide.

Head and neck cancer ranks sixth in prevalence
among all malignant neoplasms worldwide. Cancer
of the oral mucosa is one of the urgent problems in
oncology. About 630,000 new cases are diagnosed
every year, and more than 350,000 patients with this
pathology die every year. More than 90 % of head and
neck cancers are squamous cell carcinoma, which
mainly occurs in the oral cavity and oropharynx [1; 2].

Squamous cell carcinoma of the oral mucosa is
characterized by an aggressive course, early me-
tastasis and accounts for 90-95 % of all malignant
neoplasms of the oral cavity [3]. Most of them are
tumors of the tongue and the bottom of the oral
cavity. Even after radical surgical intervention fol-
lowed by adjuvant chemoradiotherapy, the survival
rate of such patients remains extremely low due to
the development of early recurrence and regional
metastasis [4-6].

Vascular endothelial growth factor (VEGF) is a sig-
naling protein best known for its role in the develop-
ment of a pathological vascular network. It is a key
mediator of angiogenesis (formation of new blood
vessels) and binds two VEGF receptors (VEGF-1 re-
ceptor and VEGF-2 receptor), which are expressed on
vascular endothelial cells. The production of VEGF
and other growth factors by the tumor leads to an
"angiogenic switch", where a new vascular network
is formed inside and around the tumor, which allows
it to grow exponentially [7; 8]. Therefore, it is very
important to understand the basic cell biology of
such tumors.
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The term angiogenesis was first applied in 1971 by
Folkman. The researchers reported that tumors can
grow, forming new blood vessels from the existing
vascular system, and that angiogenesis is closely
related not only to tumors, but also to various oth-
er diseases, such as proliferative retinopathy, etc.
[9; 10]. Various numerous interactions occur between
cells, mediated by autocrine pathways that contribute
to neoangiogenesis, uncontrolled tumor proliferation
and metastasis [11].

It is known that cetuximab in malignant tumors is
able to block not only the EGFR signaling pathway,
but also indirectly affect the secretion of VEGF-A,
thereby suppressing neoangiogenesis

Vascular endothelial growth factor (VEGF) is over-
expressed in squamous cell carcinoma of the oral
cavity and is in the focus of attention when creating
new targeted drugs that are under development be-
cause increased cell proliferation and a rich vascular
network are directly involved in the progression of
the tumor.

The complexity of mechanisms in the development
and progression of a malignant tumor requires a dif-
ferent approach to improve diagnosis, therapeutic
decision-making and monitoring of the disease in
personalized oncology. Although survival rates for
squamous cell carcinoma of the oral cavity have
improved over the past two decades, the prognosis
still remains unfavorable compared to the develop-
ment of therapy and the success achieved for other
types of malignant tumors. Prognostic factors are
numerous, and their interactions are complex and
still unclear [12-14].

The main achievements in the treatment of on-
cological diseases are mainly associated with the

VEGF

2 L

O Median
O25%75%
I Control sensitivity T Min.-Max.

1 Before treatment 1I Control result

Fig. 1. Box-and-whiskers plot of VEGF expression in tumor cell
vessels in patients of the main group.
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Fig. 2. Box-and-whiskers plot of VEGF expression in tumor cell
vessels in patients of the control group.
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appearance of molecular-targeted drugs, namely,
acting on various molecules, cyclin-dependent ki-
nases, VEGF growth factors, epidermal growth factor
EGF, as well as on molecules suppressing apaptosis
bcl-2, P53 cell cycle regulators, etc.

Cetuximab is a monoclonal antibody of immuno-
globulin G1 that binds the epidermal growth factor
receptor (EGFR), which is activated in about 90 % of
patients with squamous cell carcinoma of the head
and neck. Monoclonal antibodies against EGFR, such
as cetuximab, compete with natural ligands, thereby
preventing their binding to the receptor and, conse-
quently, blocking the induction of cell growth signals
and inhibiting the RAS signaling pathway and acti-
vation of ERK. Cetuximab binds to the extracellular
domain of EGFR with higher affinity than natural li-
gands, blocking the tyrosine kinase-dependent signal
transmission pathway induced by activation of the

intracellular domain. Consequently, the antitumor
effect of cetuximab is partly due to direct oncogenic
signaling stress, which blocks cell survival, induc-
es apoptosis and reduces the production of matrix
metalloproteinase and vascular endothelial growth
factor [15-17]. Understanding the molecular basis
of the carcinogenesis of oral tumors and identifying
potential molecular markers that may affect the prog-
nosis and survival of patients with oral cancer is an
urgent task of modern oncology. Neoangiogenesis
stimulates tumor growth and promotes the occur-
rence of relapses and metastases due to a violation
of the balance of proangiogenic and antiangiogenic
factors. Vascular endothelial growth factor (VEGF)
is the main regulator of angiogenesis, activating
pro-angiogenic signaling pathways and regulating
the formation of new blood vessels by binding to its
main receptor. Angiogenesis plays a key role in the

Table 1. Expression with the VEGF medium in tumor cells in the studied groups (average numbers of vessels in a field of view)

Main group (n = 30)

Marker of angiogenesis

Initial values Sensitivity Resistance
(n = 30) (n=17) (n=13)
1.1 £0.28* **|
VEGF 5.86 £+ 0.72 *p=0.0132 48+1.3
**p =0.0455
Main group (n = 30)
Initial values Sensitivity Resistance
(n =30) (n=12) (n=18)
VEGF 6.5+1.52 4.5+1.71 6.1+1.5

Note: * — statistically significant differences related to background values,
** — statistically significant differences related to subgroup with resistance

Fig. 3. VEGF-stained vessels in tumor cells of patients in the
studied groups. Magnification x 200.

Fig. 4. Solitary VEGF-stained vessels in tumor cells of patients in
the studied groups. Magnification x 200.
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progression of the disease and mediates resistance
to treatment. Thus, understanding neoangiogenesis,
especially the VEGF pathway, is essential for risk
stratification in patients with oral cancer and the de-
velopment of new therapeutic targets [18].

The purpose of the study was to investigate
changes in the expression of the neoangiogenesis
VEGF in tumor tissue during targeted therapy with
cetuximab and chemotherapy in patients with squa-
mous cell carcinoma of the oral mucosa

PATIENTS AND METHODS

The study analyzed data on 60 patients with can-
cer of the oral mucosa, with the degree of prevalence
of the tumor process T3-4N0-1MO0. The surveyed
groups were dominated by males (in the main group
there were 22 men (73.3 %) and 8 women (26.7 %); in
the control group — 19 men (63.3 %) and 11 (36.7 %)
women). Most of the patients had moderate-grade
squamous cell carcinoma (76.6 % in the main 23 pa-
tients) and 83.3 % in 25 control patients). The average
age of patients in the main group was 62 years, and in
the control group — 60 years. According to the stage
of the tumor process in the main group, 17 patients
were with stage Il of the disease and 13 patients
with stage IV; in the control group, the figures were
distributed as follows: 15 patients with stage Ill and
15 patients with stage IV of the disease. Thus, we see
that the patients in both groups were comparable in
gender, age, degree of differentiation of the tumor,
stage of the disease. The main group consisted of
30 patients who underwent chemotherapy with plat-
inum cisplatin and fluorouracil with targeted EGFR
blocker therapy: cisplatin 100 mg/m?, intravenously,
day 1, 5-fluorouracil 1000 mg/m?/day, intravenous-
ly, 96-hour continuous infusion in combination with
targeted therapy (cetuximab 400 mg/m? on day 1 in
a loading dose, then 250 mg/m? on days 8 and 15).
The control group also included 30 patients who un-
derwent courses of standard chemotherapy without
cetuximab — cisplatin 100 mg/m?, intravenously, day
1, 5-fluorouracil 1000 mg/m?2/day, intravenously with
96-hour continuous infusion in 1-4 days. According
to the degree of effectiveness, both the main and
control groups were divided into two subgroups: with
sensitivity and resistance. In the main group, the ef-
fect of treatment with cetuximab was observed in 17
patients, and resistance in 13 people. In the control
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group, 12 people were sensitive to treatment, and 18
were resistant to chemotherapy, respectively [19].

A solution of 10 % neutral buffered formalin was
used to fix the material. Next, standard wiring and
paraffinization of the fabric was performed. The
next step was to prepare sections 3—-5 microns
thick, which were stained with hematoxylin and eo-
sin (Accu-Cut SRM 200, Sakura (Japan)). The slices
were applied to highly adhesive glasses and dried
vertically in a thermostat at 37 °C overnight or at
60 °C for 1 hour. IHC was performed on sections from
paraffin blocks intended for standard morphological
examination. Primary monoclonal mouse and rabbit
antibodies were used in the work. The degree of VEGF
expression was determined by counting the number
of vessels in each field of vision using 40 lenses (an-
tibody VG1 Diagnostic BioSystems, dilution 1:200, 10
mMTris, buffer for "unmasking antigens" - 1 mMEDTA
(pH 9.0). The calculation was carried out in 10 fields
of view, then the average amount in the preparation
was calculated [19].

The Statistica 10.0 application program was used
to process statistical data [20]. The studied data were
checked for compliance with the normal distribution
according to the Shapiro-Wilk criterion. The data of
the tables are presented in the form of M £ m, where
M is the arithmetic mean, m is the standard error
of the mean, p < 0.05 was taken as the level of reli-
ability or statistical significance. If the distribution
turned out to be far from normal, the comparison
of groups was carried out using the nonparametric
Mann-Whitney criterion (U-criterion) [19].

RESEARCH RESULTS AND DISCUSSION

Tumor biopsy was performed in all patients pri-
or to treatment with further immunohistochemical
examination of tumor tissue biopsies. During the
processing of the obtained results, no fundamental
differences in the initial values were revealed be-
tween the groups, and therefore, when describing
the results, it was decided not to divide the back-
ground values of the studied markers into groups
of patients depending on sensitivity, but to consider
them as background in a single group. The analysis of
the results of treatment of patients according to the
response to the treatment according to the RECIST
1.1 criteria was carried out and compared with the
VEGEF level for each patient.
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In the main group after cetuximab therapy, in the
presence of efficacy from the treatment, the vas-
cular spread was from 0 to 1, in the group without
cetuximab, in the presence of sensitivity, these fig-
ures ranged from 2 to 15 vessels. In the absence
of effectiveness from cetuximab, the spread of the
number of vessels was up to 0 to 8 vessels in the
field of view, in the group where cetuximab was not
used - from 0 to 10 vessels [19].

The data is graphically shown in figures 1 and 2.

The average number of vessels whose endothe-
lium is stained with the VEGF marker in the field of
view is shown in the table.

When quantifying VEGF expression, it was re-
vealed that in the main group of patients who un-
derwent chemotherapy with targeted therapy with
cetuximab in the presence of sensitivity to the
treatment, there was a minimum number of vessels
whose endothelium was stained with a VEGF marker.
Compared with the initial values, this indicator was
5.3 times lower. And in the presence of resistance
to chemotherapy and cetuximab, this indicator was
4.3 times lower than the baseline values (the data
are statistically significant p = 0.0132 and p = 0.0455,
respectively). In the chemotherapy group without
cetuximab, the following indicators were noted: in
the presence of sensitivity to chemotherapy, the min-
imum number of vessels stained with VEGF was 1.4
times lower relative to the initial figures (p = 0.921),
and in the presence of resistance in this group — 1.1
times (p = 0.936). The data were not statistically
significant [19].

When comparing the data, we obtained the follow-
ing results: in the main group where chemotherapy
with targeted therapy with cetuximab was used, in
the presence of sensitivity to treatment, the number
of vessels stained with VEGF marker in tumor cells
was 4.1 times statistically lower compared to the
control group of patients who also had sensitivity
to the treatment (p = 0.0035). When resistance to
chemotherapy and cetuximab appeared in the main
group, the number of vessels stained with VEGF
marker in tumor cells was 1.3 times lower compared
to patients who also had resistance to the treatment
(p =0.3699) [19].

A statistical analysis of the effect of targeted
therapy (comparison of control and main groups)
revealed a statistically significant effect of cetuximab
on this marker (p = 0.028).

Variants of VEGF expression in patients' tumor
cells are shown in Figures 3 and 4.

Vascular endothelial growth factor (VEGF) and
its receptors play an important role in both physi-
ological and pathological angiogenesis. VEGF-A is
widely expressed in almost all malignant tumors and
is considered the most important factor in tumor an-
giogenesis. VEGF-A signaling also plays an important
role in the development of diseases associated with
angiogenesis, especially in malignant neoplasms.

VEGF causes deep angiogenesis during tumor
formation. In this study, we tracked how the density
of vessels stained with VEGF marker changed in the
tumor cells of patients of the studied groups. (moved
from the beginning of this section according to the
reviewer's comment)

Multiple growth factors/cytokines and their signal-
ing receptors often coexist in the same tumor micro-
environment and collectively modulate tumor growth,
invasiveness and metastasis. Among all known an-
giogenic factors, vascular endothelial growth factor
A (VEGF-A), which modulates angiogenesis, vascular
permeability, vascular survival and vascular remod-
eling, is probably the best characterized.

Transcription of the VEGF gene is activated under
hypoxia by factor HIF1a (Hypoxia-inducible factor 1a).
Hypoxia is one of the main causes of VEGF signal-
ing activation in tissues. VEGF increases the level of
VEGFR2 receptor expression by endotheliocytes of
tumor microvessels, which activates cell growth and
proliferation of endothelial cells [20]. Recent advanc-
es in molecular biology have revealed multiple gene
changes in carcinogenesis in oral cancer that cause
aberrant expression and function of proteins in a num-
ber of cellular processes, including angiogenesis.

Angiogenesis — the formation of new vessels from
pre-existing ones, is crucial for tumor growth, inva-
sion and metastasis of solid tumors. As the tumor
grows, the cells in the tumor mass are deprived of
oxygen due to their distance from the nearest blood
vessels. The generation of a hypoxic state in tumors
induces the production of vascular endothelial growth
factor VEGF, a key mediator of angiogenesis. VEGF
is overexpressed in a large number of human carci-
nomas, including squamous cell carcinoma of the
head and neck, in particular in cancer of the oral
mucosa [21; 22].

Cancer metastasis is the cause of mortality in
cancer patients and involves complex interactions
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modulated by various factors and cytokines between
malignant cells and host cells. Vascular structures
in solid tumors are crucial for intravasation of tumor
cells into the bloodstream [23].

Although genetic changes in malignant cells de-
termine the internal characteristics of invasiveness,
cellular and molecular components of the host may
play a predominant role in the invasion and metas-
tasis of cancer [24].

For example, the vascular network of a tumor is
necessary for tumor growth and metastasis, and
blocking tumor angiogenesis is successfully used
to treat cancer in animals and humans.

The subsequent formation of metastatic niches
and the repeated growth of metastatic nodes to clini-
cally detectable masses depend on angiogenesis and
vascular remodeling. Tumors often express angiogen-
ic factors at high levels, causing neovascularization.

A search for relevant studies was conducted in
electronic databases. A meta-analysis of studies
was conducted in which the relationship between
overexpression of VEGF and survival of patients
with oral cancer was quantified. Survival data were
qguantified. The results of these studies suggest
that overexpression of VEGF has an adverse effect
on overall survival and progression-free survival
in patients with squamous cell carcinoma of the
oral cavity, in patients with adenocystic cancer and

mucoepidermoid cancer of the salivary glands.
No significant heterogeneity was observed in all
studies. Overexpression of VEGF indicates an un-
favorable prognosis for patients with squamous
cell carcinoma of the oral cavity, adenocystic and
mucoepidermoid cancer of the salivary glands [25;
26]. In the era of personalized medicine and the
treatment of malignant neoplasms based on the
identification of biomarkers, it is important to find
those therapeutic targets that need to be influenced
to achieve maximum response to therapy, especial-
ly for squamous cell carcinoma of the oral cavity,
since this pathology is very heterogeneous and
poorly studied.

CONCLUSION

Based on the immunohistochemical study of tu-
mor tissue biopsies, it can be concluded that in the
presence of resistance to cetuximab, the number
of vessels stained with the VEGF marker in the mi-
crocircular bed increases. Statistically significant
results were obtained demonstrating the relation-
ship between the degree of VEGF expression and
the response to therapy with certain drugs. The data
obtained are of particular clinical interest and can be
used to predict the results of treatment in patients
with squamous cell carcinoma of the oral cavity.
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ABSTRACT

Purpose of the study. To study the expression of immunophenotypic marker molecules on B-lymphocytes of patients with
chronic lymphocytic leukemia at the stages of immunochemotherapy while monitoring minimal residual disease.

Patients and methods. 20 patients with CLL were examined, who in the period 2019-2022 underwent 6 courses of immunoche-
motherapy (ICT) in the RB/FCR mode at the National Medical Research Centre for Oncology, Rostov-on-Don. Before, after 3, 6
courses of ICT, bone marrow immunophenotyping was performed by flow cytometry. The data is evaluated in Statistica 13.0.
Results. Before treatment, 3 groups of patients were identified depending on the expression of prognostic markers (CD38,
ZAP-70, CD11c¢, CD25, FMC7). | (2 people) — without expression of CD38, ZAP-70, CD11c, CD25, FMC7 on tumor B-lympho-
cytes. Il (14 people) — with variable expression of CD25, CD38 (0.4-47.6 % and 0.0-57.5 %, respectively), lack of expression of
ZAP-70,CD11c, FMC7. Il (4 people) — with high expression of CD38 (57.5-69.2 %), ZAP-70 (36.6-48.3 %), CD11¢ (20.0-96.5 %),
CD25 (64.9-92.7 %), FMC7 (13.6—88.6 %). After the 3rd course of ICT, the minimum residual disease (MRD): 0 % in group |,
0.48 + 0.13 % in group Il, 33.5 + 7.84 % in group lll. After the 6th course of ICT MRD: 0 % in group |, 0.42 + 0.09 % in group I,
33.2 £8.07 % in group lll. The expression of immunophenotypic markers in groups Il and Ill remained unchanged after 3, 6
courses of ICT. According to the criteria for assessing the response to therapy (IWCLL, 2018), patients of groups |, Il after the
6th course of ICT have complete remission, 3 patients of group Il have partial remission, 1 patient has stabilization of the
process. Preliminary data have been obtained indicating that the absence or increased expression of CD38, CD25, ZAP-70,
CD11c¢, FMC7 on B-lymphocytes of CLL patients before treatment may predetermine the hematological response to therapy
according to RB/FCR regimens.

Conclusion. Initially, increased expression of all prognostic antigens simultaneously: CD38, CD25, ZAP-70, CD11c, FMC7 on
the tumor population of B-lymphocytes in patients with CLL is associated with an unsatisfactory response to treatment, which
seems promising from the point of view of studying the effect of the analyzed marker molecules on achieving a hematological
response at the stages of immunochemotherapy.
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immunochemotherapy
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OPUTUHATTbHAA CTATbA

MPO®WU/Ib IKCMPECCUM UMMYHODEHOTUMUHECKMX MAPKEPHBIX MOJIEKY]
HA B-JIAM®OLIUTAX ¥ 6OJIbHBIX XPOHUHECKUM NAM®ONEMKO30M HA ITAMAX
UMMYHOXUMWUOTEPATINN

0. H. CemoTtuna™, H. K. lycbkoBa, W. b. Jibicenko, M. A. KoHoBanbumk
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PE3IOME

Llenb uccnepoBaHus. M3yuntb aKCnpeccuo MUMMYHOEHOTUMUYECKUX MAapPKEPHbIX MOJIEKYN Ha B-numdoumTax 60/bHbIX
XPOHUYECKUM NMMPONENKO30M Ha aTanax MMMyHOXMMUOTEPanuu NpY MOHUTOPUHIE MUHUMAlbHON OCTATOYHOW 60/IE3HM.
MaumeHTbl M MeTogbl. O6¢cnenoBaHbl 20 60nbHbIX XJ1/1, koTopbiM B nepuog 2019-2022 rr. npoBeAeHO 6 KypcoB UMMY-
HoxumMmnoTepanuu (UXT) B pexxume RB/FCR B HMWL, oHkonoruu r. PoctoBa-Ha-[oHy. [lo fieyeHus, nocne 3, 6 kypcos UXT
BbINOMHANOCh UMMYHO(MEHOTUMMPOBaHNE KOCTHOrO MO3ra MeTOAO0M MPOTOYHOW LnTOodAtoopuMeTpun. [JaHHble OLeHeHbI
B Statistica 13.0.

PesynbTathbl. [0 NeYeHUsi B 3aBUCUMOCTH OT 3KCMPECCUM NMPOrHOCTUYECKUX MapkepoB (CD38, ZAP-70, CD11c, CD25, FMC7)
BblAeneHbl 3 rpynnbl 60nbHbIX. | (2 yen.) — 6e3 akcnpeccuu CD38, ZAP-70, CD11c, CD25, FMC7 Ha onyxoneBbix B-numdo-
uutax. Il (14 yen.) — c BapuabenbHoii akcnpeccueit CD25, CD38 (0,4-47,6 % 1 0,0-57,5 %, COOTBETCTBEHHO), OTCYTCTBMEM
skcnpeccun ZAP-70, CD11¢, FMC7. 11l (4 yen.) — ¢ BbicokoW akcnpeccuen CD38 (57,5-69,2 %), ZAP-70 (36,6-48,3 %), CD11c
(20,0-96,5 %), CD25 (64,9-92,7 %), FMC7 (13,6—88,6 %). Mocne 3 kypca UXT MuHMManbHas ocTatodHas 6onesHb (MOB):
Bl rpynne 0 %, Bo II-1 0,48 + 0,13 %, B l1I-1 33,5 £ 7,84 %. Nocne 6 kypca UXT MOB: B | rpynne 0 %, Bo II-1 0,42 + 0,09 %, B Ill-i1
33,2 + 8,07 %. 9kcnpeccus UMMyHobeHoTUNMYecknx mapkepos B I, Il rpynnax 6e3 nuameHeHuin nocne 3,6 kypco UXT.
CornacHo KpuTepusiM oLleHKu oTBeTa Ha Tepanuto (IWCLL, 2018 r.) y nauueHToB |, Il rpynn nocne 6 kypca UXT nonHasn
pemuccus, y 3-x naumeHnToB Il rpynnbl YacTuyHasa pemuccus, y 1 60nbHOro ctabunuaauus npouecca. [onyyeHbl npeasa-
puTenbHble AaHHble, yKasblBaloLMe Ha TO, YTO OTCYTCTBME UM NOBbILEHHbIN YypoBeHb akcnpeccun CD38, CD25, ZAP-70,
CD11c, FMC7 Ha B-numdoumnTax 60nbHbIX XJ1J1 0 NeYeHnst MOryT NpefonpeaenaTb reMaTonornyeckuii OTBeT Ha Tepanuto
no cxemam RB/FCR.

3aksoueHue. IcxoaHO NOBbILWEHHAs 3KCNPeccusi O4HOBPEMEHHO BCEX MPOrHOCTMYECKUX aHTureHos: CD38, CD25, ZAP-70,
CD11c, FMC7 Ha onyxoneBoi nonynsiumn B-numbountoB 60nbHbIX XJ1J1 accoummpyeTcs ¢ HeyA0BNIeTBOPUTENbHBIM OTBe-
TOM Ha NleyeHune, YTo NPeACTaBNSAETCS NEPCNEKTUBHBIM C TOUKW 3PEHUSI U3YYEHUSI BINAHWUSA aHaNM3UPYyeMbIX MapKepHbIX
MOJIeKyN Ha AOCTUXKEHNE reMaTo/IorMYeckoro OTBeTa Ha aTanax MUMMyHOXUMKUOTEpanuu.

KnioueBble cnosa:
XpOHVILIeCKMﬁ J'II/IMCbOJ'IGVIKO3, NMpoTOoYHada UNTOMETPUSA, MUHMMalibHaa oCcTaTovyHas 60/1€3Hb,
VIMMyHOd)eHOTVII'IVI‘-IGCKVIe MapkKepbl, UMMYHOXUMUOTEPaNua
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RELEVANCE

Chronic lymphocytic leukemia (CLL) is a tumor
of lymphoid tissue from mature (peripheral) B cells,
characterized by damage to the bone marrow and
lymph nodes. People over the age of 50 get sick,
mostly. CLL is detected randomly, progresses slow-
ly and often proceeds without pronounced symp-
toms for a long time [1; 2]. According to a number
of studies [3; 4], CLL is classified as an extremely
heterogeneous disease, the nature of the course of
which varies from indolent to aggressive, and the
prognosis in the same patient can change signifi-
cantly over time [5]. Tumor B lymphocytes in CLL
express antigens — CD19, CD5, CD23, CD20 (weak),
CD22 (weak), CD43 [6; 7].

The assessment of the response to therapy is
carried out according to the updated criteria of the
International Working Group on CLL (IWCLL, 2018),
according to which complete remission, partial re-
mission, stabilization or progression of the disease is
established. Parameters characterizing tumor mass
(lymphadenopathy, hepatomegaly, splenomegaly,
blood lymphocyte level, bone marrow infiltration,
constitutional symptoms) and indicators character-
izing bone marrow function (platelet, hemoglobin,
neutrophil levels) are evaluated [8]. The most im-
portant stage in the final assessment of the effect
of immunochemotherapy used in the treatment of
CLL is the determination of minimal residual disease
(MRD), which IWCLL is also included in the criteria
for evaluating the response to therapy [8]. Minimal
residual disease is characterized by the presence of
a population of tumor cells in patients in complete
remission, which cannot be detected by cytological
method, but can be determined by highly sensitive
methods of PCR and multicolored flow cytometry.
Most prognostic schemes are based on the assess-
ment of MRD in the blood and/or bone marrow, which
allows us to reliably confirm MRD-negative complete
remission. Thus, the content of the residual popula-
tion of CLL cells in the blood or bone marrow above
1 % foreshadows an early relapse and may serve as
a basis for changing therapy. The MRD content in the
range from 0.90 % to 0.01 % characterizes a group
of patients with a median disease progression-free
survival (IBD) of about 3 years, which gives reason
to consider the possibility of maintenance therapy.
MRD values below 0.01 % indicate a high probability

y 60/bHbIX XPOHUYECKUM NTMMDONEKO30M Ha 3Tanax MMMYHOXUMUOTEpaNuu

of long-term remission (> 5 years) [9; 10]. Gabor Ko-
vacs et al. [11] analyzed the prognostic significance
of MRD in comparison with the clinical response to
therapy. It has been shown that achieving MRD neg-
ativity is as important as the clinical response to
evaluate the effectiveness of therapy.

In the last decade, an improved understanding of
the pathogenesis of CLL and the active introduction
of the flow cytometry method into clinical practice
has made it possible to use the expression of a num-
ber of immunophenotypic markers as prognostic
indicators. In particular, activation antigens CD38
and CD25, ZAP70 protein, myelomonocytic antigens
CD11c and CD11b, FMC7 (antigen of mature B-lym-
phocytes), absence of CD23 antigen or its weak ex-
pression on the surface of lymphocytes, etc. [10].
It was also found that CD38 expression on more
than 20 % of CD19+/CD5+ cells is associated with
a poor prognosis, and patients with immunopheno-
typically immature CD38+ CLL respond poorly to
long-term multimode chemotherapy and, therefore,
have a short life expectancy [12]. In almost 50 % of
CLL patients, the expression of CD25 activation anti-
gen on lymphoid cells is noted, which is considered
a marker of tumor lymphocytes in hairy cell leukemia
and is associated with an unfavorable prognosis of
the disease [12]. The expression of ZAP-70 = 20 %
on tumor B-lymphocytes is considered as a risk fac-
tor for the progression and development of Richter
syndrome [12]. In 26.7 % of patients with CLL, ex-
pression of the myelomonocytic antigen CD11c is
observed, which is associated with a short doubling
time of the number of lymphocytes in peripheral
blood (< 12 months) [13]. The absence of CD23
antigen or its weak expression on the surface of
lymphocytes, along with the simultaneous detection
of positive expression by FMC7 (antigen of mature
B-lymphocytes), is also associated with a poor prog-
nosis [14].

Analysis of the literature data shows that the
search for markers that allow predicting the course of
the tumor process and the response of CLL patients
to therapy at the stages of diagnosis and monitoring
of MRD does not lose its relevance.

Purpose of the study: to study the expression
profile of immunophenotypic marker molecules on
B-lymphocytes in patients with chronic lymphocyt-
ic leukemia at the stages of immunochemotherapy
while monitoring minimal residual disease.
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PATIENTS AND METHODS

The study included 20 patients (13 men, 7 women),
median age 66.4 + 1.9 years with chronic lymphocytic
leukemia (CLL) in stage C according to Binet, who
had not previously received specific therapy. In the
period from 2019 to 2022, 6 courses of antitumor
drug therapy in RB or FCR mode were conducted in
the Department of Oncogematology National Medi-
cal Research Centre for Oncology in Rostov-on-Don.
At the stages before, after 3 and 6 courses of ICT,
bone marrow immunophenotyping was performed
by 10-color flow cytometry (Navios 10/3, Beckman
Coulter, USA). The studies were carried out in native
bone marrow cells in a solution of anticoagulant K2
EDTA. The study of the primary immunophenotype of
B lymphocytes and prognostic marker molecules was
performed using a panel of monoclonal antibodies
labeled with various fluorochromes: CD45 (PB), CD19
(ECD, PC7), CD5 (PC7, APC), CD10 (PE), CD11c (PE),
CD20 (PC7), CD22 (PE), CD23 (PE), CD25 (PC5), CD38
(FITC, PC7), CD43 (APC-A750), and FMC7 (FITC),
ZAP-70 (PE), CD3 (PC7), kappa (FITC), lambda (PE).
MRD was evaluated, taking into account that the re-
sidual population of CLL cells in the bone marrow <
0.01 % (0 %) is estimated as MRD negative status [9].
The results of flow cytometry were analyzed using the
Kaluza v2.1 software (Beckman Coulter, USA). The
collection of clinical information, biological materi-
al, sample preparation, quality control of biological
samples, storage, as well as compliance with legal
norms and rules related to patient confidentiality were
carried out according to the developed algorithms
of actions of departments of research and clinical
groups National Medical Research Centre for On-
cology [15]. The data obtained are evaluated in the
Statistica 13.0 program, the results are presented
taking into account the average values (M), the errors
of the averages (m).

RESEARCH RESULTS AND DISCUSSION

Prior to treatment (MRD day 0), according to the
results of flow cytofluorometry, all patients showed
high expression of markers characteristic of CLL-
CD5, CD23, CD20, CD22, CD43 (Fig. 1). Depending
on the expression profile of prognostic markers such
as CD38, ZAP-70, CD11¢, CD25, FMC7, 3 groups of
patients were identified (Table 1). Group | (2 people)
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was characterized by the absence of expression of
CD38, ZAP-70, CD11c and CD25 markers, the level
of FMC7 expression did not exceed 0.2 %. In group Il
(14 people), variable expression of CD25 and CD38
was noted, respectively 0.4 % —47.6 % and 0.0 % -
57.5 %, the absence of expression of ZAP-70, CD11c,
FMC7 was not more than 1.6 %. In group Ill (4 people),
high expression of all studied prognostic markers
was found: CD38 (57.5 % — 69.2 %), ZAP-70 (36,6 % —
48,3 %), CD11¢ (20.0 % — 96.5 %), CD25 (64.9 % —
92.7 %), FMC7 (13.6 % — 88.6 %) (Fig. 1, 2). There were
no differences in age and gender between the groups.

After 3 courses of ICT, a decrease in the number
of tumor B-lymphocytes was noted in all groups, but
with varying degrees of intensity. Thus, patients of
group | had MRD - negative status: no CLL cells were
detected in the bone marrow (Table 2). In group II,
a significant decrease in the amount of MRD (0.48 +
0.13 %) was noted in comparison with the data be-
fore treatment (86.2 + 1.43) (p < 0.05), at this stage
attention was paid a decrease in CD38 expression on
CLL cells to < 3 %, the expression of other prognostic
markers remained unchanged in comparison with the
level before treatment. In group lll, after 3 courses
of ICT, the residual population of CLL cells (MRD)
averaged 33.5 + 7.84 %, while the expression profile
of all prognostic markers detected at the onset of
the disease remained unchanged.

After 6 courses of ICT, attention was drawn to
the absence of statistically significant differences
in MRD values in all 3 groups in comparison with
the data after 3 courses of ICT. The amount of MRD
in group | was 0 %, in group Il = 0.42 £ 0.09 %, in
group Il - 33.2 + 8.07 % (Table 2). The expression
profile of prognostic markers remained unchanged:
the absence of expression in group |, variable CD25
expression, decreased CD38 expression after the 3rd
course of ICT and the absence of ZAP expression-70,
CD11c and FMC7 in group I, high expression of all
analyzed markers — CD25, CD38, ZAP-70, CD11c and
FMC7 in group lll. The lack of dynamics in the val-
ues of MRD and expression of immunophenotypic
markers after 6 courses of ICT may be the basis for
evaluating the effect of treatment by IFT already at
intermediate stages, that is, after the 4th and/or 5th
courses of therapy in order to revise treatment regi-
mens, which in our opinion requires further research.

At the same time, the differences in the expres-
sion profile of marker molecules on B-lymphocytes
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established by us before the start of ICT in patients
with CLL are of undoubted interest. Thus, a number of
authors are conducting studies to assess the effect
of CD38, ZAP-70, CD11c, CD25, FMC7 expression
on the results of specific therapy, but these data are
contradictory. It is known that in CLL, the positivity
of CD38, which is a transmembrane glycoprotein, is
a poor prognostic marker associated with resistance
to treatment [16; 17]. It is assumed that CD38 expres-
sion of more than 20 % is associated with damage to
the lymph nodes, liver, as well as with the aggressive
course of the disease [17]. According to other data,
CD38 positivity in the late stages is associated with
eventless and overall survival, and in the early stages
is a poor prognostic factor for overall survival [17].
According to our data, patients of group Il (re-
mission) had initially high levels of expression of
2 markers — CD38 and CD25. After ICT, there was
a significant decrease in CD38 expression. And in
group Il (stabilization), the outcome showed high
expression of all markers — CD38, ZAP-70, CD11c

A - patient P. (group 1)

[M] CD19 ECD / CD5 PC7
10 100

B — patient L. (group Il)

y 60N1bHbIX XPOHMYECKUM NUMDONENKO30M Ha aTanax UMMYHOXMMUOTEPANK

CD25, FMC7 and no change in the expression profile
after treatment.

The results of the study of FMC7 expression are
consistent with the literature data. It was shown that
patients with FMC7 expression below 30 % needed
treatment more often, in contrast to patients with
expression over 30 % [18]. In our study, on the con-
trary, the absence of FMC7 expression was noted in
groups | and Il of patients with a positive response
to RB and FCR treatment, while in group Il there was
a high expression of FMC7, which is consistent with
the data of Choi V. et al. (2021), who received similar
results to ours [19].

Further, CD11c positivity is defined as aberrant ex-
pression in CLL [20; 21]. Clinical data and prognostic
significance of CD11c in CLL are limited. A study by
Umit E. G. (2017) revealed a significant relationship
between CD11c¢ positivity (= 20 %) and time to treat-
ment [22]. According to our data, CD11c positivity
was noted in group Il patients and varies from 20.0
10 96.5 %.

C - patient M. (group IlI)

[M] CD19 ECD / CD5 PC7

[M] CD19 ECD / CD5 PC7

N: 99.58%
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3
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Fig. 1. Results of immunophenotyping of the bone marrow of patients with CLL by flow cytometry before treatment. Dot graphs of B-CLL-
specific coexpression of CD molecules. The population of tumor B-lymphocytes is highlighted in blue: A - patient P. (group I), B - patient L.

(group II), C — patient M. (group IlI).
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Fig. 2. Results of immunophenotyping of the bone marrow of patients with CLL by flow cytometry before treatment. Dot graphs of the
expression of prognostic marker molecules. The population of tumor B-lymphocytes is highlighted in blue: A - patient P. (group 1),
B - patient L. (group Il), C — patient M. (group III).

Table 1. Expression of CD38, ZAP-70, CD11c, CD25, FMC7 on B-lymphocytes before treatment in the bone marrow

of CLL patients

Patients groups CD38, % ZAP-70, % CD11c, % CD25, % FMC7, %
I(n=2) 0 0 0 0 0-0.2
Il(n=14) 0-57.5 0 0 0.4-47.6 0-1.6
I (n=4) 57.5-69.2 36.6-48.3 20.0-96.5 69.4-92.7 13.6—88.6
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Table 2. Quantitative characteristics of MRD in the bone marrow of CLL patients at the stages of ICT

Quantitative characterization of MRD at the stages of examination

Patients groups

(% of the total residual population of CLL nucleated cells)

Day 0 (M £ m) After 3 ICT courses (M + m) After 6 ICT courses (M + m)
I(n=2) 72.4 £1.21 Q*** Qx**
Il (n =14) 86.2+1.43 0.48 + 0.13%** 0.42 + 0.09%**
I (n=4) 90.1 £1.60 33.5 £ 7.84*** 33.2 £ 8.07***

Note: NC - nucleated cells, * - statistically significant differences from MRD "day 0" in its group (p < 0.05), ** — statistically significant

differences from MRD | and II/11l groups (p < 0.05).

The expression of the CD25 antigen (the a-chain
of the IL-2 surface receptor) reflects the activated
state of the tumor lymphocyte. Shvidel L. et al. (2012)
found no evidence that this parameter alone can be
used as a predictor of overall survival or time to first
treatment [23]. In our studies, the increased expres-
sion of CD25 on tumor B lymphocytes in group lll,
along with CD38, ZAP-70, CD11c, FMC7, was accom-
panied by an unsatisfactory response to therapy.

Thus, preliminary data were obtained indicating
that the absence or increased expression of prognos-
tic markers CD38, CD25, ZAP-70, CD11c, FMC7 on
B-lymphocytes in patients at the stage of diagnosis

of CLL may predetermine the hematological response
to therapy according to RB or FCR schemes.

CONCLUSION

Initially, increased expression of all prognostic an-
tigens simultaneously: CD38, CD25, ZAP-70, CD11c,
FMC7 on the tumor population of B-lymphocytes in
patients with CLL is associated with an unsatisfac-
tory response to treatment, which seems promising
from the point of view of studying the effect of the an-
alyzed marker molecules on achieving a hematologi-
cal response at the stages of immunochemotherapy.
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ABSTRACT

Purpose of the study. To study the features of the local distribution of populations of immune system cells in patients with
non-invasive muscular bladder cancer of various degrees of malignancy.

Materials and methods. The study included 51 patients with newly diagnosed non-muscle-invasive bladder cancer (papillary
urothelial carcinoma) who received complex treatment and follow-up after 9 months at the oncourological department of
the National Medical Research Center of Oncology. Patients were divided into two groups: group 1 — with a tumor of low
malignant potential (Low grade - LG), n = 31; group 2 — with a tumor of high malignant potential (High grade — HG), n = 20.
After 6—9 months, 24 patients were diagnosed with a relapse of the disease — in 48,4 % in patients of group 1 (n = 15) and in
45 % —in group 2 (n = 9). In cell suspensions obtained from the primary and recurrent tumors, as well as the perifocal zone,
the relative number of populations of immunocompetent cells was estimated using flow cytometry. A comparison was made
of the content of individual populations of lymphocytes in the tumor tissue, the perifocal zone of primary and recurrent lesions
of various degrees of malignancy. Statistical processing was performed using Statistica 13.0.

Results. The development of a recurrent tumor of low malignant potential is accompanied by the involvement of cells of
innate immunity (NK- and NKT-lymphocytes) into its microenvironment, which is associated with an imbalance in the number
of main cells of adaptive immunity — a fairly pronounced decrease in the tumor of T-lymphocytes of the helper-inductor type
was noted with a constant content cytotoxic T-lymphocytes, as well as the multidirectional nature of changes in DP- (decrease)
and DN-lymphocytes (increase). A feature of the development of a recurrent tumor of high malignant potential is that it is
accompanied by the involvement of innate immunity cells (NK- and NKT-lymphocytes) into its microenvironment, as well as
multidirectional changes in DP- (decrease) and DN-lymphocytes (increase).

Conclusion. Studies of the population composition of tumors and their perifocal tissues of NMIBC revealed a number of
features that are reflected in the redistribution of cytolytic cells, the formation of immunosuppressive conditions, which are
reflected both in the manifestation of the biological properties of tumor cells and in changes in the cellular composition of
bladder tissues involved in the process. development and progression of cancer.
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bladder cancer, non-muscle-invasive bladder cancer, local cellular immunity, lymphocytes, relapse
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OPUTUHATIbBHASA CTATbA

OCOBEHHOCTW NOKAJIbHOTO UMMYHMTETA Y NALIMEHTOB C HEUHBASUBHO-
MbILIEYHBIM PAKOM MO4EBOTO MY3bIPA PA3NINYHON CTEMEHK
3/IOKAHECTBEHHOCTH

A. b. Caraksany', JI. U. bensikosa'™, A. H. Lleeyenko', E. C. BonpgapeHko’, E. 10. 3naTthuk’, U. A. Hoeukosa', E. B. ®unatoBa’,

B. K. XBaH', U. A. XomyTenko', [l. B. bypues?

1. HMUL, oHkonoruwm, r. PoctoB-Ha-[loHy, Poccuiickas ®egepauus
2. 06nacTHOW KOHCYNbTaTUBHO-AMArHOCTUYECKUIA LLEHTP, T. PocToB-Ha-[oHy, Poccuiickas depepauus

B drlbelyakova@yandex.ru

PE3IOME

Llenb nccnepoBanus. M3yuntb 0CO6EHHOCTM IOKAIbHOTO pacnpeaeneHns Nonynsaunii KNeTok UMMYHHOW CUCTEMbI Y NaLm-
€HTOB C HEMbILLEYHO-UHBa3NBHbIM PAaKOM MOYEBOIO Ny3bIpsA Pa3/INYHOW CTeMNeHN 3/10Ka4eCTBEHHOCTMH.

Matepuanbl u MeToabl. B uccnegoBaHue 6binv BKIKOYEHbI 51 nauyeHT ¢ BnepBble BbiiB/IEHHbIM HEMbILWEYHO-VHBA3UBHbBIM PaKoM
MoueBOro ny3bipsi (rMcTonorMyeckas BepuduKaLms nanuanspHoOi ypoTenuanbHoi KapLMHOMbI), OC/E KOMMIEKCHOTO leYeHus
1 AHaMUyecKoro HabnoaeHNs B TeueHne 9 Mec. B OHKoyponiornyeckom otaenenunn ®rey «HMUL, onkonorun» Munsapasa
Poccuu. MauueHTbl 6b1i1 pacnpegeneHbl Ha ABe Fpynmbl: 1 rpynna — ¢ onyxoJibto HU3KOro 3/10Ka4eCcTBEHHOrO noTeHuuana (Low
grade - LG), n = 31; 2 rpynna — ¢ ONyXosbto BbICOKOrO 3/10Ka4ecTBeHHOro noteHumana (High grade — HG), n = 20. Yepes 6-9 mec.
Y 24 naumMeHToB 6bi AMAarHOCTUPOBaH peLmans 3aboneBanus — B 48,4 % y nauveHToB 1 rpynnbl (n = 15) B 45 % — 2 rpynnbi (0 = 9).
B KNIETOUHbIX CYyCNEH3MsX, NOTyYeHHbIX U3 NEPBUYHON U PELIMANBHOIN OMYyXONW, a Takxe NepudoKanbHOW 30HbI C UCNONb30BaHU-
€M MPOTOYHON LIUTOMETPUM, OLLEHNBANIM OTHOCUTENIbHOE COAiePXKaHNe MMMYHOKOMIMETEHTHbIX KNeToK. [poBoaunu cpaBHeHne
COAepXXaHWs OTAEMbHbIX NOMYNALMIA IMMPOLIMTOB B TKaHW 0Nyxosu, nepudoKanbHOM 30HbI MEPBUYHbIX U PELMANBHBIX 06pa3o-
BaHWI pa3fIMYHON CTeNeHM 310Ka4eCcTBEHHOCTH. CTaTUCTMYecKas 06paboTKa BbINoSHANACh € Ucnosb3oBaHWeM Statistica 13.0.
Pesynbratbl. PasBuTne peLmanBHON ONYXOSIM HUSKOrO 3/10Ka4eCTBEHHOMO NOTeHLMana ConpoBoXAaeTcs NpuBIeYeHneM
B €€ MUKPOOKPY>XEHUE KIeTOK BPOXAeHHOro UMMyHUTeTa (NK- 1 NKT-TMMQOLMTOB), YTO COMpPSIXXEHO C Anc6anaHCoM
B KOJIMYeCTBE OCHOBHbIX K1IeTOK aAanTUBHOrO MIMMYHUTETA — OTMEYEHO [OCTaTOYHO BblpaXX€HHOE CHMXEHNE B ONYXO/n
T-NMMPOLIMTOB XEeNNEepHO-UHAYKTOPHOrO TUMNa Npu HEeM3MEHHOM COAEPXKAHUN LIMTOTOKCUMYECKUX T-NMMPOLIMTOB, a Takxke
pasHoHanpaBfeHHOM xapakTepe uameHeHus Al1- (cHmwxkenue) u OH-numbounToB (yBenuyenue). OCOGEHHOCTbIO Pa3BUTUS
peLnanBHOI OMyX0sn BbICOKOrO 3/10Ka4eCTBEHHOr0 NOTeHLMana ABSeTCa TO, 4TO OHO COMPOBOXAAETCS NPUBEYEHNEM B eé
MWKPOOKPY>XEHWE KIIETOK BPOXXAeHHOro MMMyHuTeTa (NK- 1 NKT-TuMdoUmMTOB), a TakKe pa3HOHarnpaBieHHbIM U3MEHEHWEM
[A0- (cHwkeHwe) n JH-numdbouuToB (yBENMYEHHME).

3akntoyeHue. NpoBeAeHHbIE UCCNef0BaHUSA MONYNSLMOHHOIO COCTaBa OnyxoJsien, Tak U ux nepudokanbHbIX TKaHen
HeMbILLEeYHO-MHBa3NBHOIO paka MOYEBOro My3bIpsi MO3BOMWUAN BbIIBUTb OCOGEHHOCTH, OTPaXkatoLMecs B nepepacnpese-
JIEHUN LUTONTIMTUYECKMX KI1eTOK, POpMUMPOBaHNEM MMMYHOCYNPECCUBHbIX YCIIOBUI, OTPaXKaoLLMXCA Kak Ha NposiBNeHnn
6MONOrMYECKMX CBOMCTB OMYyXOJIEBbIX KI1ETOK, TaK M HAa U3BMEHEHWWN KNIETOYHOMO COCTaBa TKaHei MOYeBOro nysbipsi, BOB-

NevYeHHOro B npouecc pa3BuTnAa n nporpeccupoBaHnsa OHKOJIOrM4eCcKoro 3a6oneBaHus.

KntoueBble cnosa:
paK MOYEBOro My3blpsi, HEMbILLEYHO-UHBA3UBHbIW pak MOYEBOIrO My3bIpsi, TOKasIbHbIN KIETOYHbIA UIMMYHUTET,
NUMdOLUTDI, peLMamns
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RELEVANCE

According to the latest GLOBOCAN data, malignant
neoplasms (MN) of the bladder account for 3 % of
all cancer diagnoses in the world, a high prevalence
is observed in developed countries [1]. According to
world statistics, it continues to occupy the 10th line
in the structure of general oncological morbidity [2].
Almost 75 % of urothelial carcinomas are non—inva-
sive carcinomas with a high frequency of recurrence
of the disease after surgical treatment without infil-
tration of the bladder wall or distant metastases, the
remaining 25 % are a muscle-invasive form of bladder
cancer, which is highly invasive and with the pres-
ence of distant metastases [3]. Among patients with
superficial papillary lesions, multiple relapses are
usually observed, and only 10-30 % of them develop
invasive tumors of a high degree of malignancy [4].

Diagnostic methods for assessing non-musculo-
skeletal invasive bladder cancer (NMIBC), as well as
relapse and progression, have a number of disadvan-
tages: low sensitivity and specificity, therefore, there
is a need to study this direction for more thorough di-
agnosis and detection of malignant neoplasms (MN)
at the early stages of the development of relapse of
the disease for adequate and timely treatment and
selection management tactics of patients [5].

Currently, it is generally accepted that the develop-
ment of tumors of various localization accompanies
a violation of the antigenic homeostasis of the human
body, which, at certain stages of the development of
the pathological process, naturally causes the acti-
vation of various effector mechanisms of innate and
adaptive immunity. Further development of neoplasm
is accompanied by its complex interaction with other
anatomical and physiological structures of the body,
through the implementation of a number of stages,
the study of which in order to identify new diagnostic
and prognostic markers is an urgent task of modern
oncoimmunology [6].

It has been shown that the distribution pattern
and density of immune cells in the tumor reflect the
activity of the immune system against tumor cells.
In this context, various populations of immune cells
have been studied by Russian and foreign authors.
The close interaction of microenvironment cells with
each other and with tumor cells leads to a change
in their phenotype, gene expression and changes in
functional activity. Previous studies have revealed
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that the density of T-lymphocytic infiltration by CD3-,
CD8- or CD45R0-positive lymphocytes has a high
prognostic value for various tumors. So, Sharma P.
and co-authors demonstrated the best relapse-free
survival and overall survival in 69 patients with
muscle-invasive bladder cancer (IMBC) with a high
content of CD8+ lymphocytes [7]. In addition, it has
been shown that high levels of intracellular infiltration
by CD3- and CD8-positive lymphocytes suggest better
overall survival results among patients with BC [8].

However, despite the available information on the
study of the role of individual cells of the immune
system in the development of tumors and, in particu-
lar, BC, much remains unclear, including the features
of the distribution of immune cells (IC) between the
tumor and its perifocal zone, which may contribute
to the nature of the development of the pathologi-
cal process and the effectiveness of the treatment
methods used. In connection with the above, the
study of the role of the local distribution of cells of
the immune system is an urgent task to identify new
potential markers of the development of BC and the
likelihood of its recurrence.

The aim of the study was to study the features of
the local distribution of immune system cell popu-
lations in patients with noninvasive muscle bladder
cancer of various degrees of malignancy.

MATERIALS AND METHODS

The study examined tumor tissue samples from
51 patients with newly diagnosed NMIBC. After the
complex treatment in the volume: transurethral re-
section of the bladder + adjuvant intravesical che-
motherapy No. 6 (TUR + IUCT), all patients were dy-
namically monitored for 9 months after the complex
treatment. According to the results of histological
analysis, patients with papillary urothelial carcinoma
were divided into two groups: group 1 — with a tumor
of low malignant potential (Low grade - LG), n = 31;
Group 2 — with a tumor of high malignant potential
(High grade — HG), n = 20. Every 3 months, patients
underwent a control examination, including a cys-
toscopic examination of the bladder, as a result of
which, after 6-9 months, 24 patients were diagnosed
with a relapse of the disease — in 48.4 % of patients
of group 1 (n =15) and in 45 % of group 2 (n = 9).

Written informed consent was received from all
patients to participate in the study.
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Complex treatment was recommended to all pa-
tients with newly diagnosed NMIBC as treatment: TUR
+ IUCT. Intraoperatively, the material was collected -
fragments of the tumor (TF) and the perifocal zone
(PZ), as well as a similar sampling was carried out
in patients with a relapse of the disease, which was
detected during 6-9 months of dynamic observation.
The preparations were delivered to the laboratory,
where they were subjected to mechanical crushing
followed by tissue homogenization using a BD Medi-
machine homogenizer, USA (2 ml of Cell Wash buffer
was added to the TF fragments, homogenized for
30 seconds, the cell suspension was filtered using
50 um Medicons, USA). The cells were deposited in
a refrigerated centrifuge Eppendorf Centrifuge 5702R
(Eppendorf AG, Germany) at 250g for 5 minutes. Af-
ter removal of the supraplastic fluid, the cells were
resuspended in 100 pl of "Cell Wash" buffer.

The cell suspension was treated with a panel of
monoclonal antibodies: CD3 FITC/CD15+56 PE/CD45
PerCP-Cy5.5/CD4 PE-Cy7/CD19 APC/CD8 APC-Cy7
in accordance with the manufacturer's instructions
(BD, USA). The results were evaluated using a Facs-
Cantoll flow cytometer (BD, USA). At least 100,000
cells were accumulated in each sample for data anal-
ysis. The relative (percentage) content of cells of
the desired phenotype to the total number of living
cells was estimated. The content of individual popu-
lations of lymphocytes was compared (total number
of lymphocytes (CD45+ cells, Lymph); CD45+CD3+
cells (total CD3+ lymphocytes); CD45+CD3+CD4+
cells (helper T-lymphocytes (Th)); CD45+CD3+CD8+
cells (cytotoxic T-lymphocytes (CTL)); CD45+CD3+C-
D4+CD8+ cells (double positive lymphocytes, DP);
CD45+CD3+CD4-CD8 cells (double negative lympho-
cytes, DN); CD45+CD16+CD56+ cells (NK-lympho-
cytes); CD45+CD3+CD16+CD56+ cells (NKT-lympho-
cytes); CD45+CD19+ cells (B lymphocytes)) in the
tumor tissue, the perifocal zone of primary and re-
current formations of varying degrees of malignancy.

Statistical processing was carried out using the
STATISTICA 13 package (StatSoft Inc., USA). The
nature of the distribution of the obtained data was
evaluated using the Shapiro-Wilk criterion. Since the
obtained results of the evaluation of the determined
parameters did not obey the law of normal distri-
bution, they are presented in the form of median
(Me) and interquartile range — 25 and 75 percentiles
(Me [LQ; UQ]). The reliability of the differences was

assessed using the nonparametric Mann-Whitney
criterion. The results were considered statistically
significant at p < 0.05.

RESEARCH RESULTS AND DISCUSSION

When analyzing the nature of the development of
the tumor process, the likelihood of disease progres-
sion and the peculiarities of the local immunological
status, a special role is assigned to identifying the
distribution of individual populations of ICC between
the tumor tissue itself and its perifocal zone.

The results of such a comparison in low-grade
tumors are presented in Figures 1, 2, 3.

It can be seen from the presented results that,
in comparison with the tumor in the perifocal zone,
there is an increase in the content of a number of
lymphocytes: CD4+, CD45+CD3+CD4+CD8+, CD45+C-
D3+CD4-CD8- and CD45+CD19+ cells, respectively, by
30 % (45.8 (41.9; 46.9) vs. 35.1 (33,7; 41,2), p = 0,048),
133 % (0,7 (0,49; 1,4) against 0.3 (0.2; 0.5), p = 0,041),
93 % (6,2 (5,9; 8,1) against 3.2 (2.4; 3.9), p = 0.042)
and 85 % (10.9 (7.5; 14.3) vs. 5.9 (2.8; 7.3), p = 0.035).
The tendency to decrease in the relative number of
CD8+ T-lymphocytes and CD45+CD16+CD56+ in the
CD is noteworthy, which indicates their accumulation
in the tumor tissue (Fig. 1).

In the case of considering the features of the dis-
tribution of IC between primary TFand its PP in pa-
tients with subsequent relapse (a group of primary
relapsing), in this case, an increase in lymphoid infil-
tration of PP compared with TFwas revealed, which is
probably realized due to an increase in cells with po-
tential cytolytic activity — CD8+, CD45+CD16+CD56+
lymphocytes (Fig. 2). These indicators were higher
in the PP compared to the TF by 130 % (38.2 (24.2;
47.9) vs. 16.6 (8.8;21.1), p = 0,037), 23 % (50.4 (53.9;
67.6) against 41.0 (37.2; 44.9),p = 0.048) and 316 %
(20.8 (12.4; 25.8) vs. 5.0 (3.9; 7.3), p = 0.028). Against
this background, a significant decrease in CD45+C-
D16+CD56+ and CD45+CD19+ cells in the PP with
their probable accumulation in the tumor was re-
vealed (Fig. 2). These indicators in the PP were lower
than the values in the tumor by 54 % (3.5 (2.3; 4.5)
vs. 7.6 (5.8;10.2), p = 0.035) and 53 % (4.7 (3.9; 8.3)
vs. 10.0 (7.9; 17.2), p = 0.042).

Probably, in conditions of increasing the likelihood
of further relapse, there is a redistribution of IC be-
tween the tumor tissue and the perifocal zone with
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an increase in the latter ymphocytic infiltration, CD8+  distribution of the effector cells of innate immuni-
and CD45+CD3+CD16+CD56+, as well as a decrease  ty is revealed — NK lymphocytes accumulate in the
in CD4+, CD45+CD19+ and CD45+CD16+CD56+ cells.  tumor, while NKT lymphocytes concentrate in the
At the same time, the multidirectional nature of the  perifocal zone.
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Fig. 1. Percentage of IC in the tumor and perifocal zone of patients with low-grade NMIBC, group 1 (LG) primary (non-recurrent).
Note: * - p < 0.05.
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Fig. 2. Percentage of IC in the tumor and perifocal zone of patients with low-grade NMIBC, group 1 (LG) Primary relapsing (before relapse).
Note: * - p <0.05.
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The analysis of the obtained results of determining
the features of the distribution of IC in a recurrent
tumor and its perifocal zone revealed the following
(Fig. 3).

With the development of relapse, the accumula-
tion of CD4+ and CD45+CD3+CD4+CD8+ cells in the
tumor was observed, the content of which exceeded
the values in the TF by 94 % 48.2 (40.3; 56) vs. 24.8
(16.1;33.4),p = 0.021) and 67 % (0.5 (0.41; 0.75) vs.
0.3(0.25; 0.35), p = 0.045). Against the background of
the noted changes in the PD, a decrease in the num-
ber of CD45+CD3+CD4-CD8- (DN-lymphocytes) and
effector cells of innate immunity — NK- and NKT-lym-
phocytes, which accumulate in the tumor, was found.
The specified parameters in the PP were lower than
in the TF by 43 % (13.1 (8; 18.2) versus 23.0 (18.5;
30), p =0.046), 81 % (3.2 (2.6; 3.7) against 17.2 (10;
24.3),p =0.033) and 33 % (17.0 (12; 21.9) vs. 25.5
(20.4; 30.5), p = 0.037).

Thus, the development of a recurrent tumor of low
malignant potential is accompanied by the involve-
ment of innate immunity cells (NK- and NKT-lympho-
cytes) into its microenvironment, which is associated
with an imbalance in the number of main cells of
adaptive immunity - a sufficiently pronounced de-
crease in helper-inductor type T-lymphocytes in the
tumor was noted with a constant content of cytotoxic
T-lymphocytes, as well as the multidirectional nature
of the changes in DP- (decrease) and DN-lympho-
cytes (increase).

The results of comparing the distribution of IC
populations between PP and TF in high-grade bladder
tumors are presented in Figures 4, 5, 6.

From the presented results, it can be seen that
compared with the tumor in the perifocal zone, there
is an increase in the content of a number of lym-
phocytes: CD8+, CD45+CD3+CD4+CD8+, CD45+C-
D16+CD56+ and CD45+CD3+CD16+CD56+ cells,
respectively, by 50 % (33.9 (27.1; 49.3) against
22.6 (16.4; 25.8), p = 0.026), 350 % (1.8 (1.4; 3.6)
against 0.4 (0.25; 1.45), p = 0.008), 92 % (7.1 (4.9;
14.3) against 3.7 (2.6; 5.5), p = 0.031) and 134 %
(13.8(10.6; 20.3) vs. 5.9 (3.4; 6.6), p = 0.017). There
was a decrease in the relative number of CD4+ and
CD45+CD19+ cells in the PP, respectively, by 26 %
(29.6 (16.8; 33.3) versus 39.8 (35.4; 47.9), p = 0.045)
and 50 % (5.9 (2.5; 7.3) versus 11.7 (10.5; 16.4), p
= 0.042), which indicates their accumulation in the
tumor tissue (Fig. 4).

In the case of considering the features of the dis-
tribution of IC between the primary TF and its PP in
patients with subsequent relapse (a group of primary
relapsing), in this case, an increase in the infiltration
of PP compared with the main populations of adap-
tive and innate immunity was revealed (Fig. 5). CD4+
content in the PP was statistically significant com-
pared with the OP, CD8+ and CD45+CD3+CD4+CD8+
cells, as well as CD45+CD16+CD56+ and CD45+C-
D3+CD16+CD56+ cells, respectively, by 26 % (50.0
(49; 51.6) vs. 39.8 (30.6; 48.2), p = 0.037), 51 % (28.3
(27.9; 28.7) vs. 18.7 (12.7; 26.6), p = 0.046), 57 %
(0.55(0.52; 0.57) against 0.35(0.23; 0.43), p = 0.047),
as well as by 117 % (6.3 (4.8; 9.3) vs. 2.9 (2.1; 4.7),
p =0.041) and 52 % (6.4 (6.2; 8.6) vs. 4.2 (2.9; 5.1),
p = 0.043). Against this background, a significant
decrease in the content of B-lymphocytes in the PS
with their probable accumulation in the tumor was
revealed. These indicators in the PP were 46 % lower
than the values in the tumor (11.4 (11.1; 19.3) vs.
21.0 (18.9; 30), p = 0.044).

Probably, in conditions of an increase in the likeli-
hood of further relapse, there is a redistribution of IC
between the tumor tissue and the perifocal zone with
an increase in adaptive and innate immunity cells in
the latter, potentially possessing cytolytic activity, as
well as a decrease in the number of B lymphocytes.

The analysis of the obtained results of determining
the features of the distribution of IC in a recurrent tumor
and its perifocal zone revealed the following (Fig. 6).

With the development of relapse, CD45+CD3+C-
D4+CD8+ cells and CD45+CD19+ cells accumulated
in the tumor, the content of which exceeded the val-
ues in the TF by 50 % (0.3 (0.25; 0.39) vs. 0.2 (0.1;
0.24), p = 0.047) and 396 % (27.3 (15.1; 32.4) vs.
5.5(3.7; 6.05), p = 0.005). Against the background
of the noted changes in the PD, a decrease in the
number of total lymphoid infiltration, as well as
CD45+CD3+CD4-CD8- (DN-lymphocytes) and effector
cells of innate immunity — CD45+CD3+CD16+CD56+
(NKT-lymphocytes), which accumulate in the tumor,
was found. The specified parameters in the PP were
lower than in the TF by 54 % (20.8 (12.4; 29.2) vs.
45.2 (32;48.7),p =0.044), 88 % (1.5 (1.1; 3.5) against
12.2 (7.0; 15.3), p = 0.039) and 42 % (3.6 (2.1; 3.7)
vs. 6.2 (3.6; 6.1), p = 0.042).

The data obtained earlier in our laboratory, which
are also consistent with the results of similar studies,
indicate that the immune microenvironment of tu-
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mors largely contributes to their progression, among  ing indicating that a number of cellular factors, such
the variants of which are metastasis and recurrence  as USC, as well as cells of the immune microenviron-
[9]. Despite the fact that the latter is often regarded ~ ment, are involved in relapse. In particular, the review
as a surgical problem arising due to the non-radicality by Yan Chen et al. in 2022, which is a meta-analysis of
of the operation, more and more data are accumulat-  recent studies on the role of the microenvironment in
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Fig. 4. The percentage of IC in the tumor and perifocal zone of patients with low-grade NMIRMP, group 2 (HG) primary (not recurrent).
Note: * — p < 0.05.
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the recurrence of gastric cancer, emphasizes the role
of a high number of CD8+, CD4+Tm, NK lymphocytes,
M1 macrophages, and a low content of M2 macro-
phages, Tregs lymphocytes, mast cells for long-term
relapse-free survival of patients [10].

It is assumed that some minor subpopulations
of T-lymphocytes, in particular, DP and DN, may play
an important role in the process of relapse. Accord-
ing to the results of the study of the number of DP
T-lymphocytes in the blood of patients with tumors
of urological localization, including RMP, an increase
in the level of these cells was found, and their het-
erogeneity was revealed, represented by CD4highC-
D8low and CD4+CD8 high DP subpopulations with
that phenotype and related to Th2 [11].

DN T cells also attract a lot of attention. The review
by Zhiheng Wu et al., 2022, summarizes reports on
the multidirectional effects of these cells on tumor
growth — from stimulation to antigen-independent
cytolysis and the possibility of using them for adop-

tive immunotherapy [12]. At the same time, their
phenotypic and functional heterogeneity is noted,
as well as a change in their activity in the tumor mi-
croenvironment [13].

CONCLUSION

The conducted studies of the population composi-
tion of tumors and their perifocal tissues of NMIRMP
revealed some features that are characterized by the
development of a recurrent tumor of high malignant
potential (HG) by the involvement of innate immunity
cells (NK- and NKT-lymphocytes) in its microenviron-
ment, as well as the multidirectional nature of chang-
es in DP- (decrease) and DN-lymphocytes (increase).
The emerging immunosuppressive conditions affect
both the manifestation of the biological properties of
tumor cells and the change in the cellular composi-
tion of bladder tissues involved in the development
and progression of cancer.
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ABSTRACT

Today, lung cancer (LC) occupies a special place in the oncological general morbidity among the male population both in Russia
and in foreign countries. Despite modern diagnostic capabilities provided for modern physicians, steadily frequent cases of
triggering and exclusion are more common in patients older than 60-65 years. Surgery is the main treatment for early-stage
non-small cell lung cancer (NSCLC), but as the disease progresses, unfortunately, its effectiveness decreases. The strategy
of diagnosing and treating patients with one NSCLC has been developed and worked out for a long time and does not cause
any difficulties, but in the presence of two or more tumors, especially when they are located in both lungs, the correct choice
of therapy is determined by many additional factors. This article describes the rare use of extended bronchoplastic upper
lobectomy as a surgical component of the complex treatment of a patient with bilateral synchronous NSCLC. Based on our own
observational data, it can be claimed that the use of modern therapeutic principles in combination with surgical intervention
allows achieving satisfactory long-term results in the treatment of patients with primary multiple NSCLC.

The interest of the presented observation is based on the fact that it contains a description of a rare and unique application
of sequential extended bronchoplastic upper lobectomy as a surgical component of the complex treatment of a patient with
bilateral synchronous NSCLC, which we have not found analogues in the literature. We have shown that the consistent use
of modern therapeutic modalities makes it possible to achieve satisfactory long-term results in the treatment of a locally
advanced disease.
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KJIMHWYECKOE HABJTIOAEHWE

[MOCNEAOBATEJIbHbIE BPOHXOMJIACTUHECKUE NOBIKTOMMUK B CTPYKTYPE
KOMIJIEKCHOTO JIEYEHUA CUHXPOHHOTO ABYXCTOPOHHEIO NEPBUYHO-
MHOXECTBEHHOTO HEMENKOK/IETOYHOTO PAKA NIETKOT0: PEAKOE KIIMHUYECKOE
HABJIOAEHUE

0. U. Kut, 1. A. Xapare3os, 10. H. Jlasytun, 3. A. Mup3oas™, WU. A. JleiimaH, C. H. TuxoHoBa

HMWL| oHkonoruwm, r. PoctoB-Ha-[loHy, Poccuiickas Gegepauus
B ellada.mirzoyan@yandex.ru

PE3IOME

Ha cerogHaAwHUi aeHb pak nerkoro (PJ1) 3aHMMaeT MampytoLiee MecTo B CTPYKTYpe 06LLelt OHKONMOrMYeckoi 3abonesae-
MOCTY CpeZiv My>XCKOTrO HacesieHusi Kak B Poccuu, Tak v Ha TeppuTopumn 3apy6exxHbix cTpaH. HecMoTpsi Ha coBpeMeHHble
LMarHocTuyeckne BO3MOXHOCTHY, UMEIOLLIMECS B apceHare y Bpaven, HeYK/IOHHO pacTeT nokasaTtesib 3anyLeHHOCTH
1 CMEpPTHOCTHU, a 60J1bLLE MOMIOBUHbI HOBbIX C/ly4aeB AaHHON NaToNorny AMarHoCcTUpyeTcs y naumeHToB cTaplue 60-65 neT.
Xvpypruyeckoe BMeLLATENIbCTBO ABSIETCS OCHOBHLIM METOOM JIeYEHUS] PaHHUX CTaAUI HEMENKOKIETOYHOro paka J1erkoro
(HMPJ1), ofHaKo Mo Mepe NporpeccMpoBaHnsa 3aboneBaHus, K CoXaneHuo, CHUXKaeTcA 3hheKTUBHOCTb ero NpUMeHeHuS.
TakTuKa AMarHoCTUKU U NiedeHnst naumeHToB ¢ ogHuM HMPJT gaBHO pa3spaboTaHa 1 oTpaboTaHa, He Bbi3bIBaeT HUKaKUX
3aTpyAHeHW, a BOT NpW HanMuum ABYX U 601ee onyxonei, 0CO6eHHO Npu UX NIoKanu3auuy B pasHblX JIETKKUX, NPaBUbHbIN
BbIGOP Tepanunu 06yCnoBEH MHOXECTBOM JOMONHUTENbHbIX hakTopoB. Kak npaBuiio, 60/1bHble C MECTHO-PAcrpOCTPaHEHHbIM
CUHXPOHHbIM HMPJ1 yacTo nonyyaroT TONbKO KOHCEPBATUBHYHO TEpanuto, a A5l TeX NaLMEeHTOB, KTO BCE-Taku NoABePraeTcs
XMPYPruyeckomy BMeLLaTeNnbCcTBy, PakTopbl MPOrHO3a KIMHUYECKOrO TeYEHNS A0 CUX NOP HEMOHATHbI. B AaHHoW cTaTtbe
NpUBEAEHO ONMCaHWE PeaKoro NPUMEHEHWs pacLUMpeHHON GPOHXOCMNAaCTUYECKON BEPXHEN TOGIKTOMUU B KQUECTBE XMPYpP-
rMYECKOro KOMMOHEHTa KOMIMJIEKCHOO Jle4eHUst 60SIbHOMO AABYXCTOPOHHUM CMHXPOHHBbIM HMPJ1. OcHOBbIBasiCb Ha AaHHbIX
Hallero CO6CTBEHHOIO HabMOAEHUS], MOXHO YTBepXAaTb, YTO MPUMEHEHNE COBPEMEHHbIX TEPaneBTUYECKUX NMPUHLMMOB
B KOMMJIEKCE C XMPYPruyeckMM BMELLIATENIbCTBOM, NMO3BOJISIET AOOGUTLCS YL0BETBOPUTENBHbIX OTAANIEHHbIX pesynbTaToB
fieyeHunss NauneHToB C NEPBUYHO-MHOXEHHbIM HMPJ1.

WHTepec npefcTaBiieHHOro HabAeHNUs 3aK/IF04aeTCs B TOM, YTO OHO COAEPXUT ONMcaHue pefKoro U yHUKanbHoro
NPUMEHEHUs NocneaoBaTeNIbHOM pacluMpeHHbIX GPOHXONIACTUYECKUX BEPXHUX NOGIKTOMUI B Ka4ecTBe XUPYPruyeckoro
KOMTMOHEHTa KOMMJIEKCHOIO NeYeHust 601bHOro ABYXCTOPOHHUM CUHXPOHHBIM HMPJ1, aHanoros KOToporo Hamu He 6bIn10
HalfeHo B nuTepaType. Hamu nokasaHo, 4To nocnefoBaTenbHOE NPMMEHEHNe COBPEMEHHbIX TEPaNeBTUYECKMX MOAANIbHOCTEN
NO3BOSISIET AO6GUTHLCA YAOBETBOPUTENBbHbIX OTAaNIeHHbIX Pe3y/bTaToB /leYeHNUst MECTHO-PacnpoCTPaHeHHOro 3a6osieBaHus.

KntoueBble cnosa:
pakK Nerkoro, HEMENKOKJIETOYHbIN paK JIErkoro, MeEPBUYHO-MHOXECTBEHHbIN PaK, CUHXPOHHbIV pak,
XUpYpPruyeckoe fieyeHne, MynbTUMOAabHbINA NoAXoq,
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RELEVANCE

Lung cancer (LC) remains the main cause of can-
cer death among the male population, more than
half of new cases of which are diagnosed in pa-
tients older than 60-65 years [1-3]. Acknowledging
that the surgical method of treatment is the main
one in the treatment of early stages of non-small
cell lung cancer (NSCLC). However, as the process
progresses, the risk of developing distant metasta-
ses increases and the effectiveness of the surgical
method decreases. The principles of treatment of
patients with one NSCLC have been developed for
a long time and do not raise questions, and in the
presence of two or more tumors, especially in two
lungs, the correct choice of treatment depends on
many factors. First of all, in the absence of extra-
thoracic metastases, the bilateral process can rep-
resent both independent primary tumors and intra-
pulmonary metastatic foci [4]. If in the first case the
operation will benefit the patient, then in the second,
unfortunately, it will not affect or may even negatively
affect the outcome of the disease. The available data
in the literature indicate the complexity of the issue
under consideration. In a number of studies, it was
reported that there was no long-term survival of pa-
tients who underwent surgical interventions, which is
why there was an opinion about the poor prognosis
of multifocal tumors, regardless of the probability
of different biological behavior of tumors [5]. The
median overall survival of patients with synchronous
primary multiple lung cancer in the early stages, in
the presence of contraindications to surgical treat-
ment as a result of multimodal conservative therapy,
now reaches about 31 months [6].

The ability to distinguish primary multiple lung
tumors in order to determine indications for radi-
cal surgical treatment is constantly being improved
using molecular genetic studies [3]. The previously
developed criteria for primary multiple tumors do
not help patients with synchronous lung cancer:
about 50.8-57.9 % of tumors have a similar mor-
phological histotype, and the correct assessment
of the involvement of mediastinal lymph nodes (N+)
before surgery is difficult [7]. However, despite the
uncertainty regarding management tactics in recent
studies, long-term survival of patients with bilateral
synchronous NSCLC after surgical treatment has
been reported [8; 9].

In this article, we present a clinical observation
of a patient with bilateral central primary multiple
NSCLC who underwent complex therapy with a good
long-term treatment result. Despite the initial preva-
lence of tumor processes, radical organ-preserving
surgical treatment became the basis of success. In
the available literature, we have found no reports of
sequential performance of extended bronchoplastic
upper lobectomy on both sides as part of the com-
plex therapy of primary multiple NSCLC.

The purpose of the study was to report on the
clinical case of a patient with bilateral central primary
multiple NSCLC who underwent complex therapy with
a good long-term treatment outcome.

CLINICAL CASE REPORT

Patient K., 61 y.o., admitted to the National Medical
Research Centre for Oncology with complaints of dry
cough and shortness of breath during physical activ-
ity. It is known from the anamnesis that he consid-
ers himself sick since March 2018, when he noticed
a change in the nature of the cough, which became
dry, tearing and especially disturbed the patient at
night. After performing a computed tomography of
the thoracic cavity organs (CT TCO) at the place of
residence, central cancer of the upper lobe of the
left lung was suspected, and therefore the patient
independently contacted our center.

The CT scan of the chest from 04/19/2018: cen-
tral peribronchial nodular cancer of the left lung 5.0
x 5.5 cm with lesions of the upper lobe bronchus and
distal sections of the left main bronchus. Central
peribronchial nodular cancer of the right lung 2.2
x 2.7 cm with lesions of the upper lobe bronchus.
Hypoventilation and pulmonitis of the upper lobes
of both lungs. Lymph nodes were determined ante-
riorly from the aortic arch 2.2 cm, retrocaval 1.3 cm
(Fig. 1).

On fibrobronchoscopy (FBS) from 04/28/2018:
trachea and carina without features. On the right,
the lumen in 3 is slit-like narrowed due to external
pressure with signs of submucosal infiltration; on the
left, the lumen of the upper lobar bronchus is blocked
by an exophytic tumor by 4/5 (Fig. 2).

Histological conclusion: from B3 on the right, No.
40978-82/18 — foci of squamous cell carcinoma;
from the upper lobar bronchus on the left, No. 40983-
88/18 — foci of squamous cell carcinoma.
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Based on the examination, the diagnosis was
made: primary multiple synchronous cancer with
damage to both lungs (classification of lung cancer
according to the TNM system of the 7th revision):

1. Cancer of the left lung central peribrochial nodu-
lar form with lesions of the upper lobe and distal
left main bronchus cT2N2MO, stage IlI, cl.gr.2.

2. Cancer of the right lung central peribrochial nod-
ular form with lesions of the upper lobe bron-
chus cTTN2MO, stage llIA, cl.gr.2. Cancer of the
right lung central peribrochial nodular form with
lesions of the upper lobe bronchus cTTN2MO,
stage IlIA, cl.gr.2.

According to the recommendations of the council
of the National Medical Research Centre for Oncolo-
gy, taking into account the loco-regional prevalence
of the tumor, the first stage of treatment was decided

70

to conduct 3 courses of induction chemoimmuno-
therapy with a combination of cisplatin — 80 mg/m?
and gemcitabine — 1600 mg/m? with recombinant
tumor necrosis factor-thymosin alpha-1-150,000
IU/m2, which were carried out in the period from
05/08/2018. to 07/26/2018 [10].

After completing the courses of induction che-
motherapy, a control CT of TCO was performed
08/10/2018 (Fig. 3, 4). Its effectiveness was evalu-
ated using the criteria of RECIST 1.1, which showed
the presence of a partial response, and therefore
a decision was made on surgical treatment.

Criteria for choosing the side of the lesion for the
first stage of surgical treatment: taking into account
the assumed greater prevalence of the tumor of the
left lung (transition to the main bronchus, possible
involvement of the left pulmonary artery in the tumor

Fig. 1. CT of TCO from
04/19/2018 before the start of
treatment.

Fig. 2. FBS of 04/28/2018 before
the start of treatment.
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process, as well as the presence of complete atelec-
tasis of the upper lobe), it was decided to perform the
first stage of bronchoangioplastic upper lobectomy
on the left.

On 09/03/2018, an extended upper bronchoplastic
lobectomy was performed on the left with resection
of three cartilaginous semicircles of the left main
bronchus and lower lobar bronchus at the level of
the mouth of B6 with the formation of a direct inter-
bronchial anastomosis between the main and lower
lobar bronchi "end to end". The postoperative period
proceeded without complications. Postoperative his-
tological analysis: highly differentiated squamous cell
carcinoma with keratinization and foci of necrosis;
along the line of bronchial resection at a distance
of 2 cm from the visible boundaries of the tumor
without signs of tumor growth; in 5 out of 6 broncho-
pulmonary lymph nodes, squamous cell carcinoma
metastases; there are no metastases in the lymph
nodes of the lung root, the "aortic window" and the
tracheal bifurcation zone.

After 3 weeks, the patient underwent a control
examination, including CT of TCO, FBS: without signs
of progression, the anastomosis is stable, without
signs of inflammation.

On 10/30/2018, an expanded bronchoplastic upper
lobectomy was performed on the right with circular
resection of two cartilaginous semicircles of the right
main and one semicircle of the intermediate bronchi
and the imposition of an end-to-end interbronchial
anastomosis. The postoperative period proceeded
without complications with early activation of the
patient. Postoperative histological analysis: moderate
differentiated squamous cell carcinoma with kerati-
nization; bronchial resection lines without signs of
tumor growth; in the lymph nodes of the root of the
right lung, paratracheal metastases of squamous
cell carcinoma on the right.

Thus, based on the results of morphological ex-
amination, the final diagnosis was established: pri-
mary multiple synchronous cancer with damage to
both lungs:

Fig. 3. CT of TCO from
08/10/2018 (after induction
chemoimmunotherapy).

Fig. 4. CT of TCO from
08/10/2018 (after induction
chemoimmunotherapy).
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1. Cancer of the left lung central peribrochial nodu-
lar form with lesions of the upper lobe and distal
left main bronchus pT2N1MO0 G1RO, stage IIB
cl.gr.2.

2. Cancer of the right lung central peribrochial nod-
ular form with lesions of the upper lobe bron-
chus pTTN2MOG2RO, stage llIA, cl.gr.2. Cancer
of the right lung central peribrochial nodular
form with lesions of the upper lobe bronchus
pTTN2MOG2RO, stage llIA, cl.gr.2.

By the decision of a consultation consisting of
a thoracic oncologist, radiologist and chemotherapist
and taking into account the effectiveness of induction
chemotherapy, it is recommended to conduct 4 cours-
es of adjuvant chemotherapy with a combination of
carboplatin AUC 5-6 and gemcitabine 1000 mg/m?
with an interval of 28 days.

From 11/24/2018 to 01/31/2019, the patient un-
derwent 2 courses of adjuvant chemotherapy, which
were accompanied by the development of an adverse
toxic reaction in the form of grade 4 thrombocyto-
penia, which required transfusion of thrombocon-
centrate. From 03/01/2019 to 04/15/2019, 2 more
courses of adjuvant chemotherapy were carried out,
but with a 50 % reduction in the dose of gemcitabine.

After completion of chemotherapeutic treatment
from 05/20/2019 to 06/14/2019 on the Novalis
TX linear accelerator, Varian, by means of 7 static
conformal fields using the IMRT mode, consolidat-
ing radiation therapy was performed on the lung
root area and mediastinum ROD-2 Gr. to SOD = 46
Gr. From 07/25/2019 to 08/08/2019, 3D conformal
IMRT radiation therapy was performed on the area of
cervical-supraclavicular lymph nodes on both sides,
ROD —-3Gr. 5 fractions per week up to SOD = 39 isoGr.
No radiation reactions were noted, the treatment was
carried out satisfactorily.

The patient came for a follow-up examination in
November 2020 on the FBS from 11/02/2020: con-
dition after bronchoplastic upper lobectomy on the
left and right. Anastomoses are consistent, without
signs of inflammation and deformation. The lobular
and segmental bronchi are freely passable on both
sides.

02/02/2022 (40 months after surgery on the left
lung, 39 months after surgery on the right lung), the
patient underwent a control CT scan of the TCO: the
condition is satisfactory, there are no complaints.
There were no data for relapse of the disease.
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DISCUSSION

The prognosis of the disease in patients after sur-
gery for bilateral synchronous primary multiple NS-
CLC is quite favorable. According to the authors, the
median overall survival in operations of any volume
reached 52 months [5], and the 5-year survival rate
was 38 % [8], which is several times higher compared
to survival in stage IV NSCLC. Among all operations,
as arule, bilateral lobectomies are performed sequen-
tially in approximately 1/3 of patients. After perform-
ing bilateral lobectomies or lobectomies with contra-
lateral sublobar resections, the 3- and 5-year overall
survival reaches 84.5 % and 75.0 %, respectively [9].
It was also found that the most important predictors
of poor prognosis are: the degree of involvement of
intra-thoracic lymph nodes N2 compared to NO and
N1 and unilateral localization of tumors compared
to bilateral. The best survival rates of patients with
bilateral NSCLC are due to a greater probability of
true primary multiple lesion, taking into account the
distance between the "tumor fields" without obvi-
ous signs of hematogenous metastasis. Morpho-
logical similarity of tumors as a prognostic factor is
not associated with worse survival, on the contrary,
a tendency to improve the survival rates of patients
with tumors of the same histological structure was
revealed.

In order to study the influence of these prognostic
factors, Tanvetyanon and colleagues evaluated sur-
vival in 2 groups of patients, divided depending on
the presence of risk factors such as gender, age, ad-
vanced stage of the disease and tumor localization.
It was revealed that patients without risk factors had
significantly better survival than patients with more
than one adverse risk factor. The 5-year survival rate
was 82 % for patients with absent risk factors com-
pared to 43 % for those with present risk factors [5].
Since an equally favorable outcome will not affect
all patients, established prognostic factors are nec-
essary for making clinical decisions. The interest of
our report lies in the fact that it contains a description
of the rare use of extended bronchoplastic upper
lobectomy as a surgical component of the complex
treatment of a patient with bilateral synchronous
NSCLC. Our experience shows that consistent appli-
cation of modern therapeutic modalities allows us to
achieve satisfactory long-term results of treatment
of a locally advanced disease.
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Kut 0. U., Xapare3oB [. A., NasyTuH 10. H., Mup3osH 3. A=, Jleiiman U. A, TuxoHoBa C. H. / MocnegoBaTtenbHble 6pOHXONNACTUYECKUE NTOGIKTOMUM B CTPYKTYpe
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CONCLUSION a surgical component of complex treatment of a patient
with bilateral synchronous NSCLC. It is shown that the
The interest of our observation lies in the fact thatit  consistent application of modern therapeutic modalities
contains a description of a rare and unique applicationof =~ makes it possible to achieve satisfactory long-term re-
sequential expanded bronchoplastic upper lobectomyas  sults of treatment of a locally advanced disease.
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