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The mechanism of cytotoxic cell-mediated lesion of target cells (TC)
is not yet definitely ascertained. It mainly concerns cytotoxic T-
lymphocytes (CTL) and natural killers (NK), which are able to kill
spontaneously tumoral and infected cells [1, 2, 3]. The effect of the cells
killers is regarded as one of the mechanisms of recovery at tumors and
many viral infections, due to clearing of the organism from pathologic
cells by their destruction [4].

It is known that for the injury of TC a cellural contact is necessary
for starting of the lytic mechanism of effector cells (EC). There exist
different hypotheses and facts explaining some aspects of this process [5].
A significant attention is paid to the secretory function of EC [6],
cytolytic components of CTL granules [7], migrating in the direction of
the target. Some importance is given to the cytotoxic factor of NK cells
(NKCF) [8, 9], mobilization of CTL calcium, to the rearrangement of
the cytosceleton-associated Golji apparatus, discharge of soluble
lymphokins CDH+ by the cells [14] or destabilization of lysosomes. The
morphologic investigations carried out by Malorni et al. (1989) made him
to suggest a hypothesis of the “sulcldal behavior” of the target cells in NK
of cell-mediated lysis.

There are found pre-forming molecules of perforin, discharged by
EC, able to damage directly the TC membranes [6].

Young & Cohn (1987) though attach some importance to the role of
perforin in the mechanism of the cell-lysis, -do not exclude the possibility
of existence of other ways of target killing.

For destruction of the cell the main index is a nuclear lesion. By
Russel et al. [10] the change in TC was observed at the early stages as a
destruction of DNA into small fragments due to the rupture of the
nuclear membrane. After the "lethal hit" inflicted by CTL in TC an
induced nuclear lesion is observed with following "internal disintegration”
of the nucleus and its further destruction into small fragments.
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' The existing hypotheses and facts are based mainly on the data
D  obtained in vitro. Parallel investigations of the cellular kinetics in vivo in
% conditions of a whole organism as well as in patients will allow to solve
1 problem.

Thus, in the given work I try to present all those peculiar changes,
which are observed in EC in interaction with TC at some pathologic
processes in human-beings, using the surgical and biopsy material. The
data were collated with the results of the experimental investigation of

ats after intraperitoneal administration of complete Freund’s adjuvant
ixd B group streptococcal culture.
|

|

f Material and methods

42 ordinary male albino rats with weight 200-220 g were injected

traperitoneally 0,1 ml/ of Freund’s adjuvant (Difco, Lab. Detroit,

Mlchxgan USA). The control group consisted of 6 animals. The rats were

| decaptivated after 1, 2, 3, 4, 6, 12, 24 hours and 3 and 7 days.

Membranous prcparations from the mesentery on the slides and imprints

[ from the surface of the spleen cut, which were fixed in acetone at 4°C

during 15 min were prepared. The slices of the spleen were fixed in

acetone during 1 hour. The paraffin sections, imprints and membranous

preparations were stained by ordinary histologic methods, Feulgen’s
reaction on DNA was put.

The method of investigation of the membranous preparations of the
rat mesentery cells enabled to study the tissues layer by layer on a large
area, where the cellular and. tissue elements were observed in plane
arrangement without disturbing their form and interaction. The method
allows to obtain a whole notion of the cells and their processes, which are
in the tissue on different levels. Frequently met fibrous structures,
ensuring the contacts between cells on a distance, have usually a form of
short stretches on sections. It is practically impossible to reconstruct the
three-dimensional picture of the cells’ interaction by thin sections. The
membranous preparations in light microscopy allow to obtain information
about whole cells and their processes in the three-dimensional picture, in
natural cellular co-operation, in conjugates in interconnection with the
microsurrounding.

Parallelly, 20 male albino rats were injected mtrapentoneally with B
group streptococcal culture (090 R strain) in the dose 6x10® microbial
bodies in 1 ml of sterile physiologic solution. The animals were killed 1
and 3 months after the infection. The knee joints were studied with a
scanning electron microscope (SEM). After removing the skin and
subcutaneous fat the cavity of the knee joint was opened. The object was
fixed in 2.5% solution of glutaraldehyde on 0.1 M phosphate buffer, pH7,
at 4°C during 1-2 hours, then for three times was washed in phosphate
buffer during 15 min and after it lyophilized. The surfaces of synovial
membranes and from the suprapatellar pocket, medial and lateral walls of
the joint capsule were studied with SEM "Jeol JSM-35C" aﬁer spraying in
"Jeol Finecoa JEM-1100" sprayer.
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Fdr transmission electron microscopy (TEM) small bits of the spleen
were fixed in 2.5% solution of quadric oxide of osmium. After
dehydration in spirits of increasing concentration the bits were put in
araldid. From each block there were prepared semithin sections with 1 um
thickness, going along the whole area of ‘the bit. On the basis of those
sections ultrathin sections were prepared, contrasted by uranyl acetate
and lead citrate and were studied under the microscope. Semithin
sections were stained with Methylene Blue.

MESENTERY. In membranous preparations 1 A after intraperitoneal
administration of Freund's adjuvant it is observed a moderate
inflammatory reaction with the presence of plural neutrophilic leukocytes,
macrophages and lymphocytes. After 4 hours in the exudate parallel with
leukocytes there are found out groups of cells with spherical and
elongated nuclei. It is peculiar the appearance of cells with comma-
shaped nuclei during 1-2 A, which during next days are revealed in 'form
of focal and diffuse accumulations.

There are met effector: target (E:T) conjugates with lysis of TC
nuclei. As EC the lymphocytes with spherical and elongated nuclei react
in a close contact with the nucleus of TC.

1 h after the administration of Freund’s adjuvant in the connective
tissue there appear long, up to 500 um, basophilic fibers, coming out of
EC nuclei.

Most of them have contact with TC nuclei by their terminal end. The
fibers are not stained on fibrin by Weigert and show weak PAS-positive
reaction. The initial part of the fiber has a narrow layer of cytoplasm,
which disappears at the terminal part. Within the structure there are no
organellas, but in case of both electron and light microscopy most of the
fibers are not homogeneous. In some of them the axal Feulgen-positive
part is electron-dense, in others it consists of thin parallel fibers of
chromatin. The connection with EC nucleus, basophilia and positive
reaction on DNA allow to consider them as chromatin fibers (CF).

The nuclei, giving off CF, have different shapes. In one case they are
bean-shaped or spherical, give off usually two CF (fig. 2), in other case-
they are spindle-shaped, one end gradually lengthening and becoming a
thin and long CF. Some have nuclei with a shape of a canopy and thin
fibers of chromatin stretching and gathering into one long CF.

Light microscopy enables to reveal two morphologic variants of CF:

1) fibers with the length up to 100 gm with wide and narrow areas

along their length. The fibers, consisting of gradually connected 2-
3 blocks of chromatin, the medium parts of which are significantly
thin, are very interesting. In the area of the connection of blocks
the chromatin is mainly decondensated and shows a weak Feulgen-
positive reaction.

The terminal from EC block is the most thin, the end is sharp,
acerous. Sometimes its end has a granule from compact chromatin;

2) fibers which are interrupted, like a thin homogeneous thread from

chromatin with ‘'a length up to 800 pm. Gradually becoming
thinner, the CF end becomes sharp or has a granule of chromatin.
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Some of them are in contact with the TC by their terminal parts
and resemble a taut string between the nuclei of two cells.

The CF, coming out of the nucleus in 2 or more are evenly thin and
oHon’t have a block construction.

Dependent on the interaction with the surrounding cells in the
ozonnective tissue, there are revealed two structural-functional varieties of
I’CF: fibers in contact with the nuclear membrane of TC and fibers with
sitee ends. More often the CF begins from the peak of the cone-shaped
unucleus of EC and its terminal part ends on the nuclear membrane of
JTC. In absence of contact with TC nucleus the CF is fibrous, has curves,
roassing at the neighbouring cells, and usually does not have a granule of
rizhromatin on its end.

Judging by the morphologic signs one may say that the CF are the
oforms, that come out of TC after the “lethal hit” and their fate in future
s unknown. It is necessary to carry out auxiliary investigations in order to
ifind out the answer. Nuclei, which give off 2 or more CF are not often
nmet. They appear 6 hours after the beginning of the experiment and are
lobserved during 6 days. Their chromatin is homogeneous, compact,, shows
“Feulgen positive reaction and is stained intensively by hematoxylin.

There are observed as well cells with three or four long, up to 150 m
CF, having a shape of processal cells. The nucleus -giving off three CF is
triangular, has a shape of neuron with long processes, consisting of
imuclear substance. In case of presence of four or more CF in the place of
the nucleus it is revealed an intensively stained granule from compact .
[zhromatin.

SPLEEN. In the prints, taken from the surface of the spleen sections
lafter a single administration of the adjuvant in all rats after 3 hours up to
Lhe third day there are determined E:T conjugates with intercytoplasmatic
iand internuclear ponticuli. In the composition of the conjugates there are
imet three morphologic varieties of killers:

1) lymphocytes with spherical nuclei;

2) cells with elongated or pear-shaped nuclei, which in the cellular

conjugate have contact with the nuclei of one or two targets;

3) elongated cells with comma-shaped nuclei with one sharp acerous

end.

In semi-thin sections there are well observed cells, which have
contact with simultaneously 2-3 lymphocytes. In these E:T conjugates the
nuclei of TC are intensively stained, chromatin is compact and closely
adjoins cytoplasm of the TC nucleus. Such TC are unchanged in
condition of karyolysis or sometimes, karyorrhexis.

By their morphologic signs during two hours EC killers are
dtymphocytes and cells with elongated nuclei.

Subsequently, there appear plural cells with comma - shaped nuclei
with sharp ends. In a role of the target act mainly the lymphocytes with
spherical nuclei.

In all terms of the experiment beginning from the first hour and
during 7 days the contact of such EC with the target lymphocyte ends in
cell-mediated lympholysis.
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The mechanism of the damaging effect of a cell with a comma-
shaped nucleus of the lymphocyte consists of a few stages. The cellular
interaction begins with adhesion of the killer with the lymphocyte.

Gradually, EC envelops TC in a form of a half- moon. When the
ends of the comma-shaped nucleus meet and its both poles merge around
the lymphocyte a “nuclear ring” is formed. The narrowing of the ring of
EC, lysis of the cytoplasmatic membranes in the area of the contact is
accompanied by merging of the nuclei of both cells. The process ends in
lysis of the nucleus of the lymphocyte in “embrace” of the EC nucleus. A
similar picture is frequently observed with neutrophilic leukocytes and
macrophages. The cells with comma-shaped nuclei co-operate with the
TC nucleus having-a sharp end as well.

The activation of the cells with comma-shaped nuclei under the
influence of the adjuvant is accompanied by the appearance of extremely
long elements forming CF.

Such elements co-operate with TC nucleus not only by a ring-shaped
embrace with a long CF, but by the terminal end too. The contact takes
place on the level of the nuclear membrane of the TC, into which the
end of the CF penetrates through the cytoplasm of the cell.

Nucleus to nucleus interaction in the E:T conjugates of the spleen i
found also in the contact of the cells on the level of the cytoplasmatic
membranes. On semithin sections between the nuclei of the interacting
cells it is revealed a chain of chromatin granules, connecting the nuclea
membranes.

EXPERIMENTAL STREPTOCOCCAL ARTHRITIS. In the knec
joints of the rats 15 days after a single intraperitoneal administration of I
group streptococcal culture there are revealed destructive changes of the
articular cartilage and moderate inflammatory reaction of synovia
membranes.

There are observed signs of proliferation .of synoviocytes. By SEM
between the fibers there are revealed plural long intercellular ponticuli
Morphologically they are identical to filopodia of EC in contact by thei:
terminal end with synoviocytes of the target. On the third month synovia
membranes are acutely stripped, sclerosed, synoviocytes are scarcels
observed and, there are observed intercellular ponticuli with destructive
changes of synoviocytes. At the same time in the freez-itch images of th
joint capsule there are observed plural large cells in contact witl
lymphocytes and extracellularily persisting streptococci.

For the study of the morphology of EC Kkillers in the process of thei
interaction with TC and revealence of the mechanisms of the cytotoxi
effect an experimental investigation was carried out.

It was established that in the connective tissue there are revealec
interacting cells, forming E:T conjugatés. The main morphologic sign o
the cellular reaction is a close contact of the EC nucleus with the TC
nucleus. During the contact the nucleus of the killer cell gives a "letha
hit" to the TC nucleus. These data are new and have never beer
described before by other authors. Only J.Russel et al. [10] expressed th
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bi idea that an agent, causing a nuclear lesion of TC is initiated through
2 CTL. The character of this agent is not known yet.

There are observed as well long fibers of chromatin, stretched out
11 from the nuclei of separate EC, contacting by their distal ends with the
T TC nucleus on a distance.

The adhesion with TC, its embrace in a form of a half-moon,
it formation of lysating "nuclear ring" ‘-of EC around the lymphocyte and
n merging of nuclei after the lysis of cytoplasmatic membranes end with
4 karyolysis of the TC nucleus. This process in its dynamics is described for
11 the first time, and it is a morphologic documentation of cell-mediated
1i'immune lympholysis.

In this case the EC nucleus acquires a form of a stretched spindle
# with 50-60 um length with some thickening in the middle. These cells
. morphologically are like elements described by G.Grossi et al. [11],
Al Malorni et al. [12] in cell culture at investigation by SEM. Human T
il lymphocytes bearing CD3-associated T-cell receptors form a distinct
i uropod, and in the final phase of adherence, omit long filopodia ending
v with adhesion plaques. According to my data, the basis of filopedium is a
n nucleus, which stretching in a form of CF ends with a granule of
2 chromatin or button-like formation of Feulgen- positive substance on the
i terminal end.

The appearance of the cells with comma-shaped nuclei under the
linfluence of the adjuvant in the experiment is the result of
a cytodifferentiation, directed towards insuring of the realization of the
zspecialized cellular function. The cells with comma-shaped nuclei realize
ta "lethal hit" to the nuclei of the TC with their stretched ends or with CF.
['The stretched end in a shape of a short CF often completely wraps
1macrophages and neutrophylic leuckocytes. Frequently there are observed
itwo CF from both poles of the nucleus, where the cell interacts
asimultaneously with two targets.

The destruction of TC takes place not only in result of the nucleus
llysis, but because of karyopyknosis, karyorrhexis and apoptosis.
I Disintegration of a nucleus with DNA fragmentation develops, which
saccording to A.Wyllie [7] is connected with activation of the nuclear
sendonuclease.

The structural analysis of cellular interactions in the spleen and
connective tissue of the rat after administration of Freund’s adjuvant in
astreptococcal arthritis show that CMIR is accompanied by stimulation of
itwo populations of EC. One population shows the quality of the killer,
irealizing the cytoxic effect on TC by contact to the nuclei. The second
jpopulation has a double function on the base of the informative and
idestructive cellular reactions. Affecting directly the nucleus of EC as a
Ikiller, simultaneously it gives information to the nucleus of another killer
ithrough CF. These contacts in the spleen tissue take place by
itranscytoplasmatic transmission of chromatin granulations in a form of a
ichain from the nucleus of one cell to another in their contact on the level
1of cytoplasmatic membranes.
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The structural information of cells, as a manifestation of cellular
reactions, takes place in limits of the connective tissue, which is a self-
regulating system functioning in norm and pathology on the base of the
inverse connection [13]. In other words it is a matter of immunologic
control in the focus of inflammation. |

Submitted: 15.05.95

EDEUSAL U Ok Uv LRRYVELR URQGY
UPAYALP2U3 RV PNVE29-630RE-3ARLL
; LARIGELNY URRVAMLN-UILALYED
RUNRCULTVOYTY NEUUSRUVELR FUUT LY

U ‘% Juwpnuquepjuli

®npéh wwjdwliEpmd weGtwbtph Unn mumdGuuhpyt; k& tbhjmnp e ph-

nwju poheGtiph thnjuhwpwpbpnipjwl dtiwpwGmpymbp, poheGtinm| heGnpnw-
Ynpwo himGupwlwlwl ntwyghwGtph (RUDMN) dudwGul:

dptjlinh wynjwlwmh Gipopnyuw)GwyhG Gepwpynidhg htinn 24 dwdjw pG-
pwgpnid muniGwuppyt 66 YEGnwGhGph thwjownh ti Shoplntpph punwép-
Gtph wwwpwunmyGpp: ElEYnpnGwyh6 dwipunhnwyny hbnwgnnyt; G B
hl‘igll;ﬁl‘li‘ﬂﬂhulmﬂ‘lnllml Jwpwhyjwd YhGnwGhGiph 6GYwG hnnh uhGofhwy pw-
nu np:

{wjymGwptpyby L pohoGlph Whett Wheynphquyhl thnjuwqnbgmpyul hb-
wmwppphp thwuwm, np6 pljwo £ AUDBO- hhipowi: E$tlwnp pohop hpwljwGug-
Gnu £ hp «dwhwgnm hwpjwdn» phpwiu peohl hp Ynphgh dhengny: Uh nbujpnid
wji Ywnmwmmy E Gpym peheGliph YophqGtph wiih9wlwG huw6 Shongny,
Ujmu ntwypmy' ppndwwmhGujhG phiiph oqGmipjwdp, npnfGp wpdwlynd LG
thtlymnp peheGiph YnphqGtph Ynnihg mwpwoempjwa ypw:

bwiuwd thLymnp pegh Ynphgh pmGyghnGwy wlmhympymbhg, Gw Yupnng

ltltihmdun!mﬁmll thnfjuwqntigmpjwl dte dnGly dtihg dhGstt jnp phpwiu pooh
tiwn:

Uju dGfumGhqip mGpjtpuwy k, qopomd t pwpwliguljuG hymujwoph ti
hiniG hwdwljwpgh peheGtiph dhetit mtintwwynipjwuG bwnapgiwG hudwp:

MEXBSAJIEPHOE B3AUMOJAENCTBUE MEXIY
SOPEKTOPHBIMMU KIIETKAMU U MUIIIEHAMM ITPH
KJIIETOYHO-OIIOCPENOBAHHBIX UMMYHHBIX
PEAKIIUAX

H JI. Bapoa3zapsn

B sKkcriepuMeHTe Ha KpbicaX M3ydaiach Mopdoyiorus 3¢ ¢eKTOpHbBIX
KJIETOK B YCJIOBUAX B3aMMOXEMCTBUA C KIIETKAMM-MMIIEHAMM IIpU KiTe-
TOYHO-OIIOCPEAOBaHHBIX UMMYHHBIX peakumax (KOUP).

Ilocne oOmHOKPaTHOrO BHYTPMOPIOIIMHHOIO BBEICHWSA aXbIOBaHTa
OpeitHaa U3yYAIMCh TIPENApaThl U3 CEJIE3eHKU M TUIEHKM U3 GpbDKeiKu.
CxaHMpYIOIMM 3JIEKTPOHHBIM MMKPOCKOIIOM MCCIIEIOBAM CHHOBHAIb-
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H Hple 060JIOYKH KOJICHHOIO CycTaBa KpbiC, MHQUIIMPOBaHHbBIX B-cTperro-
A KOKKOM.

BBIABNEH WHTepecHBIH (aKT MeXbANEPHOTO B3aMMOAECACTBUA MEXIY
€ 3(hHEKTOPHBIMU KIIETKAMH M KIIETKAMU-MUIIICHIMH, JICXKAIIMiA B OCHOBE
4 KOHUP.

BddexTopHas KieTKa OCYLIECTBIICT 'JICTANBHBIA ymap” TIOCpel-
2 CTBOM CBOETO ffpa. B oMHOM cilydae 3TO OCYIIECTBIACTCA ITyTeM HeIoc-
] peICTBEHHOIO KOHTaKTa oboMX suep, B APYIOM — IIOCPEACTBOM XpoMa-
T TMHOBOIO BOJIOKHA, KOTOpOE MCITycKaeTcs U3 Aupa 3 GeKTOpHON KIeTKH!
H Ha paccTOSHMM. B 3aBUCMMOCTH OT (YHKIIMOHAJIBHOM aKTUBHOCTH 3¢-
b cdekTopHOIM KIETKM €€ AP0 OAHOBPEMEHHO MOXET B3aUMOIEMCTBOBATH
2 ¢ AapaMH 10 7 KJIIETOK-MMIIEHEH.

JlaHHBIA MEXaHM3M YHMBEPCAJIBLHBIN, JEHCTBYET TaKXe WIS Iepeaadyu
i ”HGOpMalMM MeXNY KIETKAMHU COCIWHHWTEILHON TKAaHM M MMMYHHOM
2 CUCTEMOM.
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