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GAP JUNCTION FUNCTION
IS ESSENTIAL FOR SURVIVAL OF ACUTE
LYMPHOBLASTIC LEUKEMIA CELLS

Background. Acute lymphoblastic leukemia has an intimate physical relationship with nonmalignant bone marrow
stromal cells. We have recently demonstrated that stromal cells contribute to the survival of leukemia cells and that
there is a bidirectional transfer of intracellular material between them. Understanding the mechanisms of stromal sup-
port of leukemia may provide insights into new therapies. Aim. To test the hypothesis that gap junctions are formed
between acute lymphoblastic leukemia cells and nonmalignant stromal cells, and that gap junction function is essential
for the survival of leukemia cells. Materials and Methods. We employed a well-characterized in vitro model of human
bone marrow stromal cells and primary human B lymphoblastic leukemia cells and measured leukemia cell survival
in coculture using flow cytometry. We measured the effects of gap junction antagonist peptides, carbenoxolone (a drug
known to interfere with the gap junction function), and several leukemia chemotherapy drugs including methotrexate
upon leukemia cell survival. Results. We demonstrated that stromal cells need to be alive and metabolically active to keep
leukemia cells alive. Physical contact between stromal and leukemia cells leads to an increase in gap junction proteins
in leukemia cells. Gap junction inhibitory peptides impaired leukemia cell survival as did carbenoxolone, a nonpeptide
inhibitor of the gap junction function. Stromal cell survival was not affected. We observed a very modest enhancement
of methotrexate antileukemia activity by low-dose carbenoxolone but no significant interactions with dexamethasone,
vincristine, mercaptopurine, or doxorubicin. Conclusion. These studies demonstrate that acute lymphoblastic cell sur-
vival is impaired by interference with the gap junction function. The development of drugs targeting gap junctions may
provide a novel approach to the therapy of acute lymphoblastic leukemia.
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Acute lymphoblastic leukemia (ALL) is the most | important for cancer. We have recently demon-
common cancer of childhood. It arises in the bone | strated that stroma keeps ALL cells alive and that
marrow. While studying malignant cells gives in- | there is a bidirectional transfer of intracellular ma-
sight into cancer, there is a growing awareness that | terial between ALL and stroma [1]. There are seve-
the microenvironment of nonmalignant cells is also | ral processes by which adjacent cells can exchange
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materials. They include microvesicles, tunneling
nanotubules, and gap junctions. As part of our ear-
lier studies, we observed in RNASeq studies that
GJA1, the gene encoding the gap junction protein
connexin 43, was expressed in stromal cells.

Gap junctions are intercellular structures com-
posed of connexins at the cell surface [2]. They al-
low passage of ions and small molecules of less than
1000 Daltons. They facilitate intercellular signaling
induced by cytokines and growth factors. The
predominant gap junction in human cells is con-
nexin 43 [3].

It is known that in normal bone marrow, gap
junctions are formed between stromal cells and he-
matopoietic cells and that these may play a role in
stromal support of hematopoiesis. However, poten-
tial roles are complex with both positive and nega-
tive effects on hematopoiesis reported [4—8]. The
role of stromal cells in the maintenance of malig-
nant cells is also complex with some observing that
gap junctions between AML cells and stromal cells
enhance AML survival while others observe that
the junctions induce leukemia cell apoptosis [9—11].

In this work, we tested the hypothesis that gap
junctions contribute to this stromal support of leu-
kemia cells. We also tested the hypothesis that in-
terference with gap junction function could in-
crease the antileukemia effect of drugs commonly
used to treat ALL.

Materials and Methods

Stromal cells. In most experiments, we used a stro-
mal cell line derived from normal bone marrow
immortalized with the human telomerase reverse
transcriptase (TERT) gene; this cell line was ob-
tained from the lab of Dr. D. Campana [12]. Short-
term, primary marrow stromal cultures were fre-
quently used to confirm observations made with
the immortalized stromal line. Primary stromal
cell cultures were established by placing 1—3 ml
of marrow aspirate in 10 mL RPMI supplemented
with 20% FCS, MEM non-essential amino acids
1X, sodium pyruvate 1 mM, 2-mercaptopurine
5.5 uM, penicillin/streptomycin 1X, and 1 pM hy-
drocortisone (R10C+H) in 25 cm? conventional tis-
sue culture flasks. (Tissue culture components were
purchased from ThermoFisher, USA.) After 24—
48 h, nonadherent cells were removed. During
the first passage (14—21 days), FCS was reduced
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to 10% [1]. The term “R10C+H” refers to this com-
plete RPMI tissue culture medium which includes
10% fetal calf serum with supplements and hydro-
cortisone as described above.

Leukemia cells. Deidentified primary B lineage
ALL cells from adult and pediatric patients were
obtained from bone marrow or peripheral blood
leukapheresis samples at the time of initial diagno-
sis or relapse. The samples were used under the aus-
pices of an IRB-approved protocol RSRB00046358
Biological Studies of Acute Leukemia, from
2/28/2014 through 9/29/2021. The IRB deemed
that individual patient consent was not needed
since no personal identifying information was in-
volved and the materials were from residual lab
samples that would otherwise be discarded. The re-
searchers did not have access to information that
could identify participants during or after data col-
lection. Primary ALL cells were not continuously
grown in tissue culture. Rather, ALL patient sample
specimens were expanded a single time as patient-
derived xenografts in NOD-SCID mice as previous-
ly described [1]. Upon growing in the mice, bone
marrow and/or spleen cells were harvested and
cryopreserved. Aliquots of cryopreserved ALL cells
were thawed as needed for use in assays, and over
5 days, the assays were maintained in an AIM V
tissue culture medium (ThermoFisher, USA).
The work with mice was approved by the Univer-
sity of Rochester Committee on Animal Resources,
protocol UCAR-2003-237E/102081 “Targeting
microenvironmental support of acute lympho-
blastic leukemia”

Measurement of leukemia cell survival. 5 x 103
stromal cells were plated in flat-bottom 96 well
plates in R10C+H. Two days later, the medium was
removed, and 3 x 10* freshly thawed viable ALL
cells were added in the AIM V medium (Thermo-
Fisher, USA). Five days later, the wells were har-
vested, and flow cytometry was performed
by a 3-color flow cytometry (huCD19-FITC+ (BD
Pharmingen, USA, clone AD2), huCD45-PE dim+
(BD Pharmingen, USA, clone HI30), AAD-, plus
2.5 x 10° counting beads). 25,000 bead events were
acquired, and the total number of live ALL cells/
well was calculated as (number CD19*/CD454im/
AAD™) x 10. Transwell culture experiments were
performed in 12-well plates. Stromal cells (50,000)
were plated in tissue culture plates and allowed
to adhere overnight. The following day, transwell
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dish inserts with pore size 0.4 microns (Corning,
USA) were placed in some wells. Freshly thawed
leukemia cells (100,000) were then added to the
wells. Live leukemia cells were counted by flow cy-
tometry 5 days later.

Measurement of stromal cell survival. 5 x 10° stro-
mal cells were plated in flat-bottom 96-well plates
and allowed to adhere overnight. The next day car-
benoxolone was added. Five days later, the number
of viable stromal cells was measured using a biolu-
minescence assay for intracellular ATP (Promega
Cell Titer-Glo, USA).

Stromal cell treatment. In some experiments,
stromal cells were treated before the addition of
leukemia cells. Stromal cells were added to wells
and allowed to attach overnight. Some wells with
stromal cells were treated with formalin 10% or
paraformaldehyde 4% for 20 min at room temper-
ature. Fixative was then removed, and the wells
were extensively washed before the addition of leu-
kemia cells. In other experiments, stromal cells
were pretreated with a 6-h exposure to 25 ug/mL
G418 (ThermoFisher, USA) to inhibit protein syn-
thesis or a 6-h exposure to 1 pM triptolide (Invivo-
Gen, USA) to impair RNA synthesis. After the 6-h
exposures, the wells were washed 3 times with a se-
rum-free medium, and then an AIM V medium
was added to each well. Leukemia cells were then
added to the wells.

Peptides. The Gap27 peptide sequence was
SRPTEKTIFII, and the Gap26 peptide sequence
was VCYDKSPFISHVR. The scrambled peptide se-
quences were IEKFISRTIPT and PEITRIKEFSIT.
OVA peptide sequence was SIINFEKL. Peptide pu-
rities were > 90%. Peptides were purchased from
Genscript, USA.

Western blots for connexin 43. Immortalized stro-
mal cells were cultured with leukemia cells for
4 days in an AIM V medium. Viable leukemia cells
were purified by flow cytometric sorting on human
CD19 and AAD. Flask adherent stromal cells were
purified by washing away leukemia cells three times
with the medium followed by brief treatment with
trypsin-LE (Gibco, USA). A proteinase/phospha-
tase inhibitor cocktail (Cell Signaling, USA, #5872)
was added to cells followed by the addition of RIPA
bufter (Cell Signaling, USA, #9806). Protein con-
centrations of samples were measured. Samples
were run on polyacrylamide gels (4.5% stacking gel
and 10% resolving gel) and transferred to PVDF
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membranes. Rabbit anti-connexin 43 antibody
(Cell Signaling, USA, #3512) was used for Cx43
detection. Rabbit anti-tubulin antibody (Cell Sig-
naling, USA, #2144) was used in controls. Goat
anti-rabbit IgG HRP-linked antibody (Thermo
Scientific, USA, #31460) and chemiluminescent
substrates (Thermo Scientific, USA, #34580) were
used for antibody detection.

Drug treatment in vitro. Carbenoxolone (Thermo
Scientific, USA) was diluted in sterile water to make
150 mM stock solutions, which were then diluted
in an AIM V medium for addition to cell culture
wells. Carbenoxolone was added to leukemia/stro-
mal cell cultures at the time leukemia cells were
added to wells. After 5 days of drug exposure, leu-
kemia cell viability was measured by flow cytomet-
ry as described above.

Statistics. Statistical analyses and graph production
were performed using R statistical language and
RStudio. The data from leukemia cell survival as-
says was found to be normally distributed. Paramet-
ric t-tests were performed. Graphs are convention-
al box-and-whiskers plots with the horizontal line
representing the median, the box representing the
interquartile range, and the whiskers representing
the highest and lowest values (outliers excluded).

Results

Physical contact between leukemia cells and stromal
cells is necessary for leukemia cell survival. We and
others have observed that human ALL cells typi-
cally undergo apoptosis in vitro but do survive
when cocultured with bone marrow stromal cells.
The reasons for this are not fully understood.
We conducted experiments asking whether phy-
sical contact between stromal cells and leukemia
cells is necessary for leukemia cell survival. Leuke-
mia cells were placed in three types of wells: wells
without stroma, wells with stroma, and transwells
with stromal cells on the well bottom above which
a porous membrane was placed that allowed dif-
fusion of stromal cell secreted molecules but pre-
vented leukemia cells from directly contacting
the stromal cells. Fig. 1, a demonstrates that leu-
kemia cells in physical contact with stroma sur-
vived (middle column), while poor leukemia cell
survival is seen in the transwells (right column).
Stromal cells must be alive and capable of protein
synthesis to promote leukemia cell survival. We then
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Fig. 1. Leukemia cells survive when in direct contact with live and metabolically active cells. (a) Direct stromal cell
contact is necessary for leukemia cell survival. Leukemia cells were placed in wells without stroma (“NoStroma”), with
stromal cells on the plate (*Stroma”), or on top of porous transwell membranes (*Transwell”) under which were stroma.
There were 8 replicates in each condition. (b) Leukemia cell survival is impaired when stromal cells are treated with fixa-
tives or inhibitors of protein or RNA synthesis. The left panel shows the percent of live leukemia cells in wells without
stroma, untreated stroma, and stroma pretreated with paraformaldehyde or formalin. p values reflect comparison with
the untreated stroma group (n = 12 in each group). The right panel shows the percent of live leukemia cells in wells
without stroma, with untreated stroma, or with stroma pretreated with either G418 or triptolide. Data are presented
in box-and-whisker plots. p values reflect comparison with the untreated stroma group (n = 16 in each group)
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Fig. 2. Western blots demonstrate the presence of connexin 43 in leukemia cells after 4 days of coculture with stromal
cells. Cx43 denotes a blot performed with anti-connexin 43 antibody. Tubulin is the control blot using anti-tubulin
antibody. “~“ indicates that the sample was from leukemia or stromal cells that had not been cocultured. “+” indicates
the sample obtained from flow cytometrically purified leukemia or stromal cells after 4 days of coculture

Fig. 3. Dose-response study of the effect of peptide Gap27 on leukemia cell survival. The number of live leukemia cells
after 5 days of coculture with stromal cells. Data are presented in box-and-whisker plots. p values reflect the comparison
with controls (no Gap27 (“gp27”)). n = 6 for each condition

asked whether the stroma needs to be alive to pro-
mote leukemia cell survival. We compared the sur-
vival of leukemia cells on untreated stroma and
stroma treated in three different ways (Fig. 1, b).
First, stroma cells were fixed with formalin, essen-

ISSN 1812-9269. Experimental Oncology 46 (2). 2024

tially leaving intact the cell membrane structures
but completely devitalizing the stroma. Leukemia
cells did not survive on fixed stroma. Second, stro-
ma cells were pretreated with a sublethal dose
of G418, a protein synthesis inhibitor. Stroma
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Fig. 4. Gap27 peptide impairs leukemia cell survival. The six figures present the number of live leukemia cells reco-
vered from wells with stroma in the absence or presence of the peptide. Each figure represents leukemia from a different
patient. GP27 signifies 1 mM of gap27 peptide while OVA signifies 1 mM of O peptide. Data are presented in box-and-
whisker plots. P values reflect the comparison of GP27 with OVA. n = 6 for each condition
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Fig. 5. Gap26 peptide impairs leukemia cell survival. The three figures present the number of live leukemia cells reco-
vered from wells with primary bone marrow stroma in the absence or presence of the peptide. GP26 signifies 1 mM
of gap26 peptide, and OVA signifies 1 mM of Ova peptide. Data are presented in box-and-whisker plots. P values reflect
the comparison of the GP26 group with the OVA group. n = 6—12 for each condition

cells not synthesizing protein did not promote
leukemia cell survival. Third, stroma cells were pre-
treated with triptolide, an inhibitor of RNA synthe-
sis. Leukemia cell survival was significantly re-
duced on triptolide-treated stroma.

Gap junctions are formed between leukemia cells
and stromal cells. The need for contact and the need
for the stromal cells to be alive and transcription-
ally active suggested that intercellular transport of
materials was important for leukemia cell survival.
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Gap junctions are used by many cell types for in-
tercellular transport. We performed Western blot
experiments to assess the presence of connexin 43,
the most common component of human gap junc-
tions, on leukemia and stromal cells (Fig. 2). The
experiments were performed on both leukemia and
stromal cells before and after coculture of leukemia
with stroma. Stromal cells expressed connexin 43
in the absence and presence of leukemia cells.
We were unable to detect connexin 43 in leukemia
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cells before their incubation with stroma. However,
after four days of coculture, all leukemia cells puri-
fied by flow sorting expressed connexin 43. We exa-
mined the transcription of GJAI, the gene encoding
connexin 43, in both leukemia cells and stromal
cells. GJAI was transcribed in both cell types, al-
beit at about 10-fold greater levels in stromal cells.
After contact with stroma, GJA1 transcription in-
creased in two samples of the leukemia cells but not
the others (data not shown).

Peptides that interfere with gap junctions lead to
leukemia cell death. We performed experiments de-
termining if peptides that inhibit connexin 43 con-
taining gap junctions would affect leukemia cell
survival [13, 14]. Gap27 is a peptide (SRPTEKTI-
FII) that targets the extracellular domain of con-
nexin 43. It was added to stromal cell/leukemia cul-
tures at a range of concentrations. Fig. 3 shows that
Gap27 at 1 mM and 0.8 mM significantly reduced
leukemia cell survival.

The inhibitory effect of Gap27 was reproducible
in our panel of leukemias. We assessed the speci-
ficity of the effect by comparing it to the effect
of a peptide derived from ovalbumin (OVA) and
demonstrated statistical significance in 5 of the 6
leukemia samples tested (Fig. 4).
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Fig. 7. Carbenoxolone does not impair stromal cell viabili-
ty. The figure presents stromal viability after 5 days of in-
cubation in carbenoxolone. Viability was assessed in a lu-
minescence assay. “no_rx~ indicates no carbenoxolone
control. Cx150uM, Cx75pM, Cx50y, and Cx33uM rep-
resent carbenoxolone concentrations of 150 uM, 75 uM,
50 uM, and 33 uM respectively. Data are presented in box-
and-whisker plots; t-test comparisons were made between
“no_rx” and each group. There were no statistically sig-
nificant differences. n = 6 for each condition

Gap26 is another peptide that targets another ex-
tracellular domain of connexin 43. When added
to leukemia/primary bone marrow stromal cell co-
cultures, it also produced significant and specific
reductions in leukemia cell survival (Fig. 5).

Carbenoxolone impairs leukemia cell survival but
not stromal cells. Carbenoxolone is a non-peptide in-
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hibitor of gap junction function, which is widely used
in neurobiology research [15]. We added it to leu-
kemia/stromal cell cocultures to determine if it
would affect leukemia cell survival. We found that
carbenoxolone at 75 uM significantly reduced leu-
kemia cell survival (Fig. 6). We also assessed the ef-
fect of carbenoxolone on the survival of stromal cells
alone and found no impact of carbenoxolone on the
viability of immortalized stromal cells (Fig 7).

Carbenoxolone enhances the toxicity of methotrex-
ate for leukemia cells. Our finding that reduction in
leukemia cell survival was produced by inhibition
of the gap junction function by either peptides
or the drug carbenoxolone led us to ask whether
inhibition of the gap junction function could en-
hance the antileukemia effect of chemotherapy
drugs commonly used to treat ALL. We used car-
benoxolone in these studies because it was develo-
ped many years ago as a drug for peptic ulcers
and had been used in humans. We examined its
influence on the antileukemia effect of the follow-
ing chemotherapy drugs: dexamethasone, vincris-
tine, doxorubicin, asparaginase, 6-mercaptopurine,
and methotrexate. We performed dose-response
studies for the drugs to identify concentrations
that would induce alone measurable but minimal
antileukemia effects. Carbenoxolone was added
to leukemia/stromal cell cocultures along with the
individual drugs, and leukemia cell survival was
measured. Carbenoxolone did not significantly in-
crease the antileukemia effects of any of the drugs
other than methotrexate; there was some very
modest enhancement of the methotrexate effect by
carbenoxolone (data not shown).

Discussion

We observed that living and transcriptionally active
stromal cells can keep ALL alive if they are in physi-
cal contact with leukemia cells. We observed that
connexin 43 gap junction protein was substantially
increased in ALL cells following coculture with
stromal cells and that stromal cells constitutively
expressed connexin 43.

Interference with gap junction function between
ALL cells and stromal cells led to ALL cell death.
Physical interference with gap junctions using the
gap-junction-specific peptides gap27 and gap26
resulted in significant increases in ALL cell death.
Pharmacologic interference with gap junction
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function with carbenoxolone also led to signifi-
cant increases in leukemia cell death. Of interest,
the concentrations at which carbenoxolone was
active in our system were similar to the plasma le-
vels of carbenoxolone observed in humans taking
carbenoxolone [16, 17]. In contrast, carbenoxolone
did not affect stromal cell viability.

We did not observe additive or synergistic ef-
fects with carbenoxolone and many commonly
used conventional anticancer drugs active in ALL.
This finding in ALL is contrary to those recently
reported on acute myelogenous leukemia. Kouzi
et al. [18] observed that stromal cells protected
AML cells from cytarabine and that disruption
of gap junctions by carbenoxolone reduced this
protection. Sinyuk et al. [19] observed that disrup-
tion of the gap junction component connexin
25 (Cx25) but not connexin 43 enhanced AML sen-
sitivity to cytarabine. We did not study cytarabine
in our model system.

Gap junctions have also been studied in other
cancers, and complex roles have been seen. Inhibi-
tion of gap junctions has been reported to enhance
melanoma proliferation [20]. In contrast, gap junc-
tion function may enhance the growth of brain
metastasis from breast and lung cancers [21]. En-
hancement of gap junction function in mesotheli-
oma cells has been shown to increase the antitumor
effects of sunitinib [22]. Similar observations have
been made with proteasome inhibitors [23]. Gap
junctions have also been shown to enhance by-
stander killing of tumor cells by the chemotherapy
drug cisplatin [24]. Upregulation of gap junction
function has been shown to increase neuroblasto-
ma cell sensitivity to doxorubicin [25].

Our studies have limitations. First, they were
conducted in vitro, not in vivo. Second, we did not
test the effect of pharmacologic gap junction dis-
ruption in normal hematopoietic progenitor cells.
Future studies exploring gap junction antago-
nists as drugs for ALL would need to address both
of these limitations to assess the critical question
of whether such agents could produce relatively
selective antileukemia effects without unaccep-
table hematopoietic or other systemic toxicity.
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OYHKIIOHYBAHHA MUIMHHMX KOHTAKTIB € CYTTEBMM
I BVDKMBAHHSA KJIITUH TOCTPOT IIM®OB/IACTHOI JIEMKEMIT

CraH nurtaHHA. JleiikeMiuHi KaiTHM rocTpoi niMdo6aacTHOI efikeMil Gi3WIHO 1IiTPHO B3a€MOJIIOTH 3 HE3/IOAKIC-
HUMI CTPOMAJIbHUMU KIiTMHAMU KiCTKOBOTO MO3KYy. Panille Mu mokasany, o CTpOMasbHi KIITUHYU € BaXXK/IMBUMMU
IUIS BVDKVMBAHHS JIEIKEMIYHUX KIIITVH, a TAKOX, 1[0 MK HUMU iCHYE JBOCIIPAMOBAHMI IIEPEHOC BHY TPIIIHbOK/IITHH-
HOro MaTepianmy. Po3yMiHHA MeXaHi3MiB CTPOMa/IbHOIL MiATPUMKM JIEMKEMIYHMX KIITVH MOXKe IaTy IOMITOBX /IO PO3-
pOoOKM HOBUX MeTOIB /miKyBaHH: jerikeMii. MeTa. B po6oTi mepeBipeHo rimoresy o0 BaXXIMBOCTI GOpPMyBaHHs
I[TMHHNX KOHTAKTiB MDK K/IITMHAMH TOCTPOI TiMb06IacTHOI efiKeMil Ta He3MOSIKICHMMM CTPOMaIbHUMU KITiTUHAMMI
KiCTKOBOTO MO3KY J/IA BIDKMBaHHA /efiKeMiuHMX KmiTuH. MaTepianu Ta Metoau. Ha Moperi cTpoManbHUX KIiTHH
KiCTKOBOTO MO3KY JIFOf{MHM Ta IIEPBUHHOL KY/IbTypy B-n1iMp0o6IacTHUX NMefKeMIYHNX KIITUH METOLOM IPOTOYHOT 1111~
TOMeTpil ZOCHiIKyBany BYDKMBAHICTD JIeIKeMiYHMX KTiTHMH 3a IX B3a€EMHOTO KyJIbTMBYBaHHA. BuBYanyu BIIUB Kap-
OEHOKCOJIOHY — aHTAarOHICTY MeNTH/iB LIIMHHUX KOHTAKTiB Ta Ki/lbKOX XiMioTepameBTMYHUX 3ac00iB, 1JO 3aCTO-
COBYIOTBCA I JIIKYBaHHA JeliKeMil, BKII0Yal04y METOTPEKCAT, Ha BYDKMBAHICTD JIefiKeMiYHUX KiTuH. PesympraTn.
Jist migTpuMKy pyHKIIOHYBaHHS JIEIKEMIYHIX KIITHH HOTPi6GHI >KuBi i MeTabO/MIYHO aKTUBHI CTPOMAIbHI KIITHHIL.
DisyyHMI KOHTAKT MDK CTPOMAJIBHUMI i JIeJKeMIYHMMY K/ITMHAMM [IPUBOJUTD IO 30iIbLIEHHS BMICTY OiIKIB 1rji-
JVHHUX KOHTAKTIB B JIEMIKeMiYHNUX KIiTMHaX. [Hri6iTOp menTupiB IIiNMHHMX KOHTAKTIB KapOEHOKCOMOH HEraTMBHO
BIUIMBA€E HA BYDKMBAHHA JIEMKEMIUYHMX K/IITHH, HE BIUIMBAIO4M IIPM LIbOMY Ha CTPOMaJIbHI KIiTMHM. HM3bKi fosu Kap-
O€HOKCOJIOHY /MIlle 0OMEXEHO MifCHIIOTD IPOTUIEIKeMIYHY aKTUBHICTh MeTOTpeKcary. Baaemonii Mk edexramm
KapOEHOKCOJIOHY 3 OffHOTO 6OKY Ta IMPOTM/IeIIKeMiYHUMM TIperapaTaMyl BIHKPYCTUHOM, MEPKAIITOITyPUHOM 260 JTOK-
copy6inMHOM He BUAB/IeHO. BucHOBKM. [HriOyBaHHS IIIIMHHNMX KOHTAKTiB 3MEHIIY€E BIDKMBAHHS JISIKEMIYHMX KITi-
TYH rocTpoi niMmdobmactHOI neiikemil. Po3po6xa 3aco6iB, 1110 BIVIMBAIOTh Ha IUIMHHI KOHTAKTH, MOXKe CTaTH IIepCIIeK-
TUBHYM IIiIXOOM IJIfl TiKyBaHHA rOCTPOi 1iM¢o6IacTHOI neriKeMii.

KnrouoBi cmoBa: miinMHHI KOHTAaKTH, CTPOMalbHi KIITMHM, KICTKOBMII MO30K, rocrpa mimdoobnactHa jeiikemis,
KapOeHOKCOJIOH, METOTPEKCaT.
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