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ABSTRACT

Aim. To study the ultrastructural features of rectal cancer cells and to detect signs of mitochondrial translocation
from the tumor to the resection line area with an assessment of the possibility of the formation of new malignant cells.

Materials and methods. The present study encompassed the data obtained from 44 patients with an average
age of 66 (58-73) years, who underwent surgical intervention for rectal cancer T2-3NOMO with differentiation
grade G2. A portion of the tumor specimen and intestinal tissue along the resection line were preserved in a
formaldehyde-glutaraldehyde fixative solution. Standard methods of section preparation were employed. Sections
were subsequently examined using a Jeol JEM-1011 electron microscope (JEOL Inc., Japan).

Results. The ultrastructure of rectal adenocarcinoma was characterized by a high density of arrangement and varying
sizes and shapes of tumor cells with a large nucleus and deep invaginations of the nuclear membrane, as well as an
accumulation of multiple mitochondria at one of the cell poles. The process of pinching off a cytoplasmic fragment,
which was found to be densely packed with mitochondria, was observed. This phenomenon was subsequently
identified as a mitochondriome. Following this observation, the mitochondria were found to have translocated
into healthy intestinal tissues along the resection line. Electron diffraction data revealed the active movement of
mitochondria in the form of small spheroids and mitovesicles along the boundaries of the multilayer structure
of the rectal submucosa, and subsequent fusion into large organelles capable of implementing nuclear synthesis
from transported mitochondrial and nuclear DNA. We observed the presence of individual nuclear structures in
conjunction with groups of mitochondria, followed by the self-assembly of abnormal cells.

Conclusion. The ultrastructural analysis of rectal adenocarcinoma indicates the need for mitochondrial translocation
to free up intracellular space and prevent the metabolic threat of reactive oxygen species (ROS) accumulation in
tumor cells. It also points to the key role of mitochondria in initiating tumor energy and information transfer as
leaders of these processes. This observation suggests the possibility of early recurrence and metastasis in rectal
cancer cases.
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PE3IOME

Hens. M3yuenne yapTpacTpyKTypHBIX OCOOCHHOCTEH KIIETOK paka MPsIMON KHIIKH M OOHapy>KeHHE MPH3HAKOB
TPAHCIOKAINH MUTOXOHJPHH M3 OIyXONHM B OOJACTh JMHHM PE3EKIMH C OIEHKOH BO3MOXKHOCTH 00pa30BaHUS
HOBBIX 3JI0KA9€CTBEHHBIX KIIETOK.

MarepuaJjibl 1 MeTObI. B rccienoBanne BKIIOUCHBI Pe3yIbTaThl, HOMy4eHHbIE OT 44 0OJBbHBIX (CpeIHHIA BO3PACcT
66 (58—73) net), mpoonepupOBaHHBIX MO MOBOAY paka npsiMoit kummku T2—3NOMO co crenensio nquddepeHaupos-
ki G2. YacTb OMyXo0JIeBOr0 MaTepuaja U TKAHW KUIIKH 110 JIMHUU PE3eKLMU MOMEIaIn B GUKCHPYIOLINiA pacTBOp
(dopmanbaeruaa/rnyrapansaeruaa. [IpuMeHsIM CTaHAapTHBIE METO/BI MOArOTOBKH CPE30B, KOTOPbIE HCCIIEI0BA-
JIM € TIOMOIIBIO 37eKTpoHHOTr0 Mukpockona Jeol JEM-1011 (JEOL Inc., SImonus).

Pe3yabTaThl. YIbTpacTpyKTypa aJeHOKapPLUHOMBI IIPSIMON KHUILIKU XapaKTepU30BaJlaCh BBICOKOH IUIOTHOCTBIO
pacIoyIoKeHHs: ¥ BapruadeIbHOCTEIO pa3MepoB M ()OPMBI OIYXOJIEBBIX KJIETOK C KPYNHBIM SIAPOM ¥ TIIyOOKMMHU
WHBarnHaIMsAMH SIIEPHOI MEeMOpaHBbl, CKOIUICHHEM MHOYKECTBA MHTOXOHAPHH 110 OJJHOMY U3 IIOJIOCOB KJIETKH.
Bb1I0 BBISIBIICHO OTIIHYPOBBIBAaHUE ()parMeHTa LUTOILIA3MBbI, IUIOTHO 3aM0JIHEHHOT'0 MUTOXOH/IPHUSIMH, B BUJIE MU-
TOXOHJAPHOMA C IOCJIEYIOIIeH TpaHCIOKaluMel MUTOXOHAPUN B 30POBbIC TKAaHU KUIIKY I10 JIMHUU PE3EKLHH.
ITo 1aHHBIM AJIEKTPOHOIPAMM MOXKHO OBLIO CYJMTh 00 aKTHBHOM IHEPEBHKEHHN MUTOXOHIPHI B popme MeKnx
ceporI0B 1 MUTOBU3HKYJI BJIOJIb I'PAHUL] MHOTOCIIOHHOM CTPYKTYPBI OACIU3UCTON 000JIOUKH NPSIMOI KUILIKH, a
3aTeM MX CIMSHHE B KPYITHBIE OPraHeIUIbl, CIOCOOHBIX K PealM3alii SepPHOI0 CHHTE3a U3 TPAHCIIOPTUPOBAHHBIX
MUTOXOHJpuaibHbIX U saepHbIX JJTHK. OTMeueHb! OTAeNbHBIC SEPHBIE CTPYKTYPBI B KOONEPALUK € TpyIIaMu
MHTOXOHJIPUH | TOCIIEAyIomeld caMOCOOPKOH aHOMAaJIbHBIX KIIETOK.

3aki0ueHue. yHBTpaCprKTypHBIfI aHaJIn3 aICHOKapIIMHOMBI Hp}IMOfI KHUIIKH CBUACTCIILCTBYET HE TOJIBKO O HE-
O6X0[II/IMOCTI/I MPITOXOHZ[pHaJIBHOﬁ TpaHCJIOKaluKu JJIs1 OCBO60)KHCHI/I$I BHYTPHUKJIIETOYHOI'O IMPOCTPAHCTBA U IIpE-
JOTBpaAIlllCHUA MeTabOoIMYeCKON YrpO3bl HAKOIJICHUSA aKTUBHBIX q)OpM KHCJIOpO/Jia B KJIETKaX OITYXOJIU, HO U YKa3bl-
BAa€T Ha KIIFOYEBYIO POJIb MI/ITOXOHIIpI/Iﬁ JJIA CTapTa OIyXOJIEBOI'O IIEPEHOCA SHEPIUU U I/IH(i)OpMaHI/II/I KakK JInA€pOB
9TUX TIPOLECCOB. D10 MPUBOAUT K MBICIIM O BEPOATHOCTU MHIAYKIHHU IPOUECCOB PAHHETO PEUHHUAMBHUPOBAHUS U
METaCTa3upOBaHUs paKa HpHMOﬁ KHUIIKU.

KuroueBble ciioBa: MUTOXOHAPUH, aICHOKapIHuHOMa HpHMOﬁ KHWIIIKHA, yJ'IBTpaCprKTypHLIﬁ aHaJIn3

KonpaukT naTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIMAIBHBIX KOH(OIUKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNKeil HaCTOSIIEeH CTaThU.

HUctouHuk q)ﬂHchHpOBaHﬂﬂ. ABTOpLI 3asIBIISIOT 00 OTCYTCTBUU (bPIHaHCI/IpOBaHI/ISI Ipy MPOBEACHUUN UCCIIEN0-
BaHUA.
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CooTBeTcTBHE MPUHIMIIAM dTHKH. Bce manueHTs moamnucani nHGOPMUPOBAHHOE COTIACHE Ha B3SITHE U MEpe-
Jayy OMOJIOTMYECKOro MaTepuara Juls IIPOBeICHHUs HayYHbIX HCCIICA0BAHMM, FOCY/IapCTBEHHBIX 3a/IaHuii B 001IIe-
CTBEHHO U COLIMAIBHO MOJIe3HbIX LessiX. McenenoBanue oqoopeno stnueckuM komurerom ®I'BY « HMULL onko-
norunm» Munzapasa Poccun (mporoxon Ne 1 ot 30.01.2023).

Jas uurupoBanusi: Kur O.U., Hluxnsaposa A.U., @pannusan E.M., Unsuenko C.A., Heckyouna U.B., Kupu-
yenko E.1O., JlorunoB A.K., Cuexko A.B., ABepkun M.A., ['abpuunaze [1.H. YipTpacTpyKTypHBIE acTIeKThI
TPAHCIIOKAIMK MUTOXOH/IPUH PH paKe TOJCTON KHIIKH KaK BO3MOXKHOT'O ITYTH PACIIPOCTPAHECHUSI OITyXOJICBO-
ro nporiecca. Broemens cubupckoti meduyunsl. 2025;24(3):42-51. https://doi.org/10.20538/1682-0363-2025-

3-42-51.

INTRODUCTION

In recent years, significant improvements have
been made in the treatment of colorectal cancer (CRC)
with chemotherapy, molecular targeted therapies,
and immune checkpoint inhibitors [1]. However,
recurrences and drug resistance prevent successful
cancer treatment, resulting in a relatively poor 5-year
survival prognosis in approximately 60% of cases
[2-4]. Moreover, approximately 20% of patients with
CRC have metastasis at the time of diagnosis, whereas
25% of patients develop metastasis at an early stage
during follow-up [5]. Therefore, an in-depth study of
the key factors and mechanisms of tumor progression,
as well as the investigation of new therapeutic targets,
is essential.

Metabolic reprogramming is currently the focus
of cancer research. Recent evidence suggests that the
unique metabolism of tumor cells, characterized by
reduced oxidative phosphorylation (OXPHOS) and
increased glycolysis, is regulated by mitochondrial
dynamics [6-8]. Mitochondria are known as the
powerhouses of eukaryotic cells that exhibit dynamic
properties such as fusion, fission, and degradation,
which is crucial for their optimal functioning in energy
production [9]. They play an important role in various
cellular processes including cell differentiation,
apoptosis, calcium homeostasis, innate immunity, and
fatty acid (FA) and amino acid metabolism [10, 11].

Both whole mitochondria and mitochondrial
genome or other mitochondrial components are
endowed with the ability of intercellular translocation
[12]. Mitochondrial transport can be accomplished
by tunneling nanotubes (TNTs), gap junctions
(GJs), and extracellular vesicles or microvesicles
(MVs) ranging from 100 nm to 1um, which are able
to span whole mitochondria, genomic DNA, and
mitochondrial DNA [13]. However, mitochondria
themselves as active organelles are also transported
along the cytoskeleton and can take different shapes,

for example, fusing into long or interconnected
tubules or dividing into small spheroids, which is
regulated by opposing processes of fusion and fission
[14]. The continuous processes of mitochondrial
membrane fusion and fission help to regulate the
morphology and number of mitochondria, ensuring
their homogeneity and efficient functioning [15].
In addition, unbalanced mitochondrial fusion and
fission during the cell cycle, apparently, may be
associated with the processes of mitochondria-
dependent metabolic reprogramming, promoting the
entry of cancer cells into mitosis, thereby providing
an advantage in proliferation and survival [9].

Mitochondrial fusion is defined as the full-collapse
fusion of two mitochondria by end-to-end collision
[10]. Mitochondria consist of two membranes: the
outer mitochondrial membrane (OMM) and the inner
mitochondrial membrane (IMM). The fusion of the
outer membrane occurs first, followed by fusion of
the inner membrane, which occurs in close proximity.
The IMM contains the mitochondrial lumen (matrix),
an inner fringing membrane parallel to the OMM,
and a deep curved polymorphic invagination known
as the crista.

The crista increases the surface area of the inner
membrane and contains components essential for
mitochondrial respiration. When the four lipid bilayers
fuse, the contents mix, and the matrix components
diffuse to form a single fused mitochondrion [9]. In
addition to full fusion, there is the so-called kiss-
and-run fusion. In contrast to full-collapse fusion,
provisional fusion occurs when two mitochondria
join, partially exchange intact membrane proteins, and
divide, thereby retaining their original topology. This
type of fusion increases the functional stability and
plasticity of mitochondria and is necessary to support
mitochondrial metabolism [16]. While moderate
fusion protects intestinal epithelial cells from
mitochondrial damage caused by oxidative stress and
prevents CRC, abnormal mitochondrial fusion leads to
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adenosine triphosphate overproduction and abnormal
tumor proliferation.

Thus, taking into account the level of modern
knowledge about mitochondria dislocation and
transformation and their biological significance in
tumor pathogenesis, it seems relevant to visually assess
the topographic signs of mitochondria movement from
the primary focus of CRC to the resection line. This
will help to approach the formation of a hypothesis
about the key role of mitochondria in the initiation of
new tumor cell conglomerations as a possible basis for
recurrence and metastasis.

The aim of this study was to investigate the
ultrastructural features of rectal cancer cells and to
detect signs of mitochondrial translocation from the
tumor to the resection line, taking into account the
possibility of formation of new malignant cells.

MATERIALS AND METHODS

The study included the data obtained from 44
patients with rectal cancer T2-3NOMO with an average
age of 66 (58-73) years, operated on without adjuvant
therapy. The tumor differentiation grade in all patients
was G2. During the operation after laparotomy, we
performed mobilization of the tumor-affected part of
the intestine by dissecting and dividing the feeding
blood wvessels, performed lymphodissection and
resection of the affected organ in the scope of rectal
resection with removal of the malignant tumor. A part
of tumor material and a fragment of intestinal tissue
along the resection line were immediately placed in
the formaldehyde-glutaraldehyde fixative solution.

TRANSMISSION ELECTRON MICROSCOPY

After the pretreatment procedure, the tissue sample
was placed in pure Epon-812 resin (SPI Inc., USA) and
cured for 72 hours at 70°C. Ultrathin 90-nm sections

were obtained using an ultramicrotome equipped with
a diamond knife. Sections were mounted on copper slit
grids and contrasted with 2% aqueous uranyl acetate
solution for 40 minutes and lead citrate for 2 minutes.
Sections were examined and photographed using a Jeol
JEM-1011 electron microscope (JEOL Inc., Japan).

RESULTS

According to the histopathology report, the rectal
tumor was a low-differentiated adenocarcinoma (high
grade G2). The most characteristic features of such
tumors were the presence of a mucinous component
(5%) with invasion of all layers of the intestinal wall, in-
vasion of visceral peritoneum, foci of necrosis, mode-
rately pronounced chronic inflammation, and presence
of signs of lymphovascular and perineural invasion.

Ultrastructural study of the tumor tissue showed
typical invasive growth of adenocarcinoma cells varying
in shape and size (Fig. 1). The cells were tightly adherent
to each other without a pronounced intercellular space
between the outer layers of cell membranes. At the same
time, electron-dense formations of the “interdigitation”
type or desmosomes (indicated by arrows in Fig. 1, b)
were among the noticeable structures demonstrating
close intercellular contacts.

Taking into account the fact that desmosomes
provide the necessary mechanical adhesion between
cells by connecting intermediate filaments, it confirms
direct interaction and exchange, allowing to realize the
life support of tumor tissue. In cellular polymorphism,
we observed diverse nucleus sizes and shapes. The
bizarre shape of the nuclei was associated with
numerous invaginations of the nuclear membrane.
Often the nucleus occupied a significant part, reaching
up to 50-60% of the cell surface, and had a multilobed
appearance with deep invaginations of the nucleus
shell (Fig. 2).

Fig. 1. Electron diffraction image of a fragment
of a low-differentiated adenocarcinoma with
~ invasion of the rectal wall: a — variability in the

| size and shape of tumor cells with high-density
arrangement; b — the presence of intercellular
contacts in the form of “interdigitation” or
. desmosomes (indicated by arrows); x10,000.
Here and in Figures 2 and 4, images are typical
of the preparations of each of the examined

patients in the group.
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This type of nuclei is characteristic of malignant
transformation. The cytoplasm of adenocarcinoma
cells was densely filled with organoids, among which
the most common ones were mitochondria of different
sizes, mainly of irregular round shape with pathological
configuration of cristae, and varying electron density
of the inner space containing metabolic products

(Fig. 2).

Fig. 2. Electron diffraction image of a fragment of rectal

adenocarcinoma tissue. We observe tumor cells with numerous

deep invaginations of the nuclear membrane and a cluster of
mitochondria at one of the cell poles; 20,000

It was noticed that in the overwhelming majority
of cells the large aggregation of mitochondria as a rule
was shifted to one of the cell poles. As a rule, this
peculiarity of mitochondria movement to the leading
edge of invasive cancer cells is associated with the
necessity of energy supply for their movement [17,
18]. It can be assumed that a significant accumulation
of mitochondria in the cells could initiate a large
mitochondrial transfer, which was realized through the
mechanism of cytoplasmic pinching off of the whole
aggregation of mitochondria (expulsion) outside the
cell as a mitochondriome, as shown in the electron
diffraction image below (Fig. 3).

Indeed, it was observed that a separate structure
with mitochondria in the area of collagen bundle
accumulation was located near the cells. Otherwise,
when tumor cells form an excessive accumulation of
mitochondria in a state of dysfunction, a large number
of ROS can be produced, which poses a threat to cell
life [19]. It is under such dangerous conditions that
cancer cells tend to displace mitochondria into the
intercellular space [20].

Obviously, the separation of the mitochondriome
from the cell by pinching off the mitochondria-filled

portion of the cytoplasm demonstrates the initial stage
of transcellular mitochondrial translocation, which we
recorded in our ultrastructural study of rectal cancer.
We cannot exclude the assumption that further on, this
may represent one of the signaling mechanisms for
translocation of mitochondria and associated essential
mitochondrial components (mitochondrial DNA and
nuclear DNA fragments) into the surrounding space
and invasion into the area of healthy tissues. We were
able to confirm this by studying electron diffraction
images of the intestinal tissue along the resection line
of the removed tumor (Fig. 4, 5).

Fig. 3. Electron diffraction image of a fragment of colon

adenocarcinoma tissue. It shows pinching off of a cytoplasm

fragment forming mitochondriome surrounded by collagen
bundles (indicated by an arrow); x10,000

Fig. 4. Electron diffraction image of a fragment of colon tissue

along the line of adenocarcinoma resection. The image shows

active migration of mitochondria through the layers of the
muscularis mucosae. 25,000
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Fig. 5. Electron diffraction image of a fragment of colon
tissue along the adenocarcinoma resection line. The image
shows movement of many small spheroid-type mitochondria
and mitovesicles (indicated by arrows) along the interfaces
between the submucosa and the muscularis mucosae. x12,000

Moving beyond the cell boundaries appeared to
enhance mitochondrial migration activity, including
the mitochondrial genome to play a signaling role in
surrounding intercellular communication, mediating

information transfer not only near tumor cells but even
over longer distances in the environment of normal
healthy tissues.

As can be seen in Fig. 4, mitochondria released from
tumor cells show mobility and move independently
along the layers of the muscularis mucosae of the colon.
Further, it is easy to notice that the overwhelming
majority of mitochondria look like small spheroids,
which confirms their morphological plasticity and
ability to adapt quickly during the transition from
tumor environment to healthy tissues (Fig. 5). At the
same time, there is a mechanism associated with the
formation of so-called mitovesicles, a population of
extracellular vesicles of mitochondrial origin during
the development of mitochondrial dysfunction. The
composition of mitovesicles may include mitochondrial
proteins, mtDNA, cytochrome C, and other components.

In other words, at this stage of active independent
translocation of mitochondria, we visualized the
process of their size reduction, known from the
literature as the process of fission, providing adaptive
efficient functioning of small spheroid forms and
mitovesicles during active movement at the boundary
with muscle and mucous tissue (Fig. 6, a).

Fig. 6. Electron diffraction image of a rectal
tissue fragment along the adenocarcinoma
resection line: a — the presence of small spheroid
mitochondria along the healthy tissue interface
of submucosa, x80,000; » — accumulation and
fusion areas of spheroids and mitovesicles,
x50,000; ¢, d — the formation of large abnormal
mitochondria in the niches of curved spaces,
x30,000
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It was not only the accumulation of a large number
of mitovesicles in the curved segments of the boundary
but also the presence of single large mitochondria with
electron-dense content that drew attention.

The question arose whether these large
mitochondria are the result of fusion as a
legitimate process of dynamic shaping according
to the implementation program of mitochondrial
carcinogenesis.First of all, attention was drawn to the
fact that in contrast to the “vertical” movement along
tissues, in which the expedient form for the process
of rapid mitochondrial movement was fission into
small spheroids and mitovesicles, in the presence of
folded transverse partitions of tissues, there appeared
conditions facilitating “horizontal” displacement

into a convenient niche and fusion of small forms
of mitochondria into larger ones (Fig. 6, b—d). The
mechanism of such fusion, as already noted, begins
with the outer membranes and is then followed by that
of the inner membranes, which form a polymorphic
invagination with crista protrusions into the matrix.

At the same time, matrix components diffuse to
form a fused mitochondrion [9]. It is known that the
processes of mitochondrial fission are regulated by
Drpl expression, while mitofusin expression regulates
fusion [21, 22]. Apparently, such an abnormal fusion
and concentration of metabolic and information
factors involved mitochondria-dependent metabolic
reprogramming to realize nuclear fusion (Fig. 7).

As can be seen from Figure 7, the connective tissue
layers of the colon submucosa along the resection
line contain only free nuclei and mitochondria,
which are single or assembled in groups. It was not
possible to determine the time of nuclear assembly,
but, apparently, such electron diffraction images
illustrate the role of mitochondria in the initiation
of self-organization processes of nuclear structures
due to the possibility of nuclear material transfer and
fusion processes. Figure 8 demonstrates the process of
further abnormal self-assembly of tumor cells with the
participation of mitochondria surrounding the object
they are assembling or being inside it.

Fig. 7. Electron diffraction image of a rectal
tissue fragment along the adenocarcinoma
resection line: a — the formation of nuclei
fragments in connective tissue layers surrounded
by mitochondria, x20,000; » — an elongated
shape of the formed nucleus with nuclei in close
contact with mitochondria, x15,000

Fig. 8. Electron diffraction image of a fragment of colon tissue along the line of adenocarcinoma resection: a — filling of the dilated

area of submucosa with nucleus and unformed fragments of cytoplasm, x10,000; b — the formation of a cellular structure including

nucleus and mitochondria, x20,000; ¢ — the formation of a system of tubes and cisterns as a prototype of the Golgi apparatus and
endoplasmic network, x10,000
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DISCUSSION

Summarizing the data of the conducted study, it
is possible to present the sequence of dynamic events
from primary tumor cells to the appearance of a
similar image at a remote distance along the resection
line and to highlight the main stages of mitochondrial
translocation. Our assumption includes several
conditional stages, which are discussed below.

First, the ultrastructural study of colon
adenocarcinoma cells allowed us to determine
the presence of a significant accumulation of
mitochondria, the pathological status of which could
pose a threat to the tumor cell due to the accumulation
of ROS. In fact, this was a signal not only to free up
vital space and prevent metabolic threat to the cell, but
also to start the most important process of tumorigenic
energy and information transfer by mitochondria,
which drive these processes. The analysis of electron
diffraction images pointed to such a mechanism
of mass transfer of mitochondria outside the cell as
the formation of mitochondriomas in pinching off a
section of cytoplasm containing a conglomeration
of mitochondria. It was this extremely simplified
mechanism of separation that allowed for further
active movement of mitochondria and mitovesicles in
a tumor-free direction.

The second stage, which we associate with
mitochondrial translocation itself, is based on electron
diffraction data indicating the active movement of
mitochondria along the borders of the multilayer
structure of the rectal submucosa. The high degree of
mitochondrial plasticity contributes to the inclusion
of the fission mechanism and the formation of
small spherical forms. As noted in the literature, in
colorectal cancer cells, enhanced mitochondrial fission
is a common phenomenon that promotes or prevents
tumor progression. Namely, enhanced mitochondrial
fission promotes metabolic reprogramming of cells,
leading to cell proliferation, invasion, metastasis, and
chemoresistance [22].

Then, as mitochondrial microspheres advanced
into the depth of the colon wall tissues, the structure
of submucosa changed, forming transverse folds
and curves, into the lumen of which spheroids and
mitovisicles penetrated. The outer membrane is
known to act as a permeable platform that facilitates
the convergence of other cellular signals that can
be decoded and transmitted to mitochondria [14].
Apparently, this served to turn on the mechanisms
of mitochondrial fusion and the formation of large

organelles capable of realizing nuclear fusion
from transported mitochondrial and nuclear
DNA.

Indeed, when analyzing electron diffraction
images, we identified areas of the colon submucosa
along the resection line, in the layers of which we
detected only single nuclei and mitochondria in contact
with them. The nuclei were both separate fragments
without nuclei and whole nuclei in the form of an
elongated structure with several nuclei. However,
the characteristic circumstance was the obligatory
contact or non-contact interaction of nuclei with
mitochondria, which confirms the assumption about
the establishment of sighaling membrane connections
between them, as well as between mitochondria and
major organelles such as the endoplasmic reticulum.

This may be evidenced by the next stage, which can
apparently be characterized as a self-assembly process
based on the same unique signaling mechanisms of
membrane system interactions and the formation
of abnormal tubes and cavities, which may already
represent the prototype tumor cell. It can be assumed
that the presence of the nucleus and mitochondria,
taking into account their signaling role in triggering
the protein synthesis system, could facilitate the
proliferative activity of the cell as the basis for
recurrence or metastasis.

Undoubtedly, the visually observed pattern of
mitochondrial movement can be interpreted as a
possibility of newfociofrectaladenocarcinomagrowth.
However, this problem needs further investigation not
only by means of electronic visualization, but also in
the application of quantitative immunohistochemical,
radioisotopic, and other methods of examination. We
believe that the findings of this study may lead to
consideration of the enormous and dangerous potential
of motor and regulatory activities of mitochondria in
malignant neoplasm progression.

CONCLUSION

The ultrastructural study recorded the process of
mitochondrial conglomeration movement from rectal
adenocarcinoma cells into the intercellular space in the
form of mitochondriomas (passive transfer). Further
independent dynamics of mitochondria promotion in
the layers of the rectum submucosa at the level of the
resection line (active transfer) was accompanied by
the transformation of mitochondria sizes (fission and
fusion) and the inclusion of trigger mechanisms of self-
organization processes. It is assumed that the mobile
nature of mitochondria and regulatory signaling
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human diseases. Aging Editorial. 2022;81:101702. DOI:
10.1016/j.arr.2022.101702.

12. Singh B., Modica-Napolitano J.S., Singh K.K. Defining the
momiome: Promiscuous information transfer by mobile mito-
chondria and the mitochondrial genome. Semin. Cancer Biol.

systems of membranes contribute to the reproduction
of the processes of nuclear fusion and self-assembly
of the prototype tumor cell as possible mechanisms of
early recurrence and metastasis of rectal cancer.
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