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Ìåçåíõèìíûå ñòâîëîâûå êëåòêè (ÌÑÊ) - ïëþðèïîòåíòíûå ñòâîëî-
âûå êëåòêè âçðîñëîãî îðãàíèçìà âñå ÷àùå è ÷àùå íàõîäÿò ïðèìåíåíèå
â êëèíè÷åñêèõ èññëåäîâàíèÿõ. Èõ ïðèìåíåíèå â òðàâìàòîëîãèè, êàð-
äèîëîãèè, íåâðîãèè îáóñëîâëåíî èõ äèôôåðåíöèðîâî÷íûì ïîòåíöè-
àëîì. Îäíàêî âñå áîëüøåå êîëè÷åñòâî èññëåäîâàòåëåé ñ÷èòàåò ÷òî
òåðàïåâòè÷åñêèé ýôôåêò òðàíñïëàíòàöèè ÌÑÊ, äîêàçàííûé âî ìíî-
ãèõ äîêëèíè÷åñêèõ è êëèíè÷åñêèõ èññëåäîâàíèÿõ, îïðåäåëÿåòñÿ íå
òîëüêî äèôôåðåíöèðîâêîé, íî ðåãóëÿòîðíîé ôóíêöèåé ýòèõ êëåòîê.
Ïðèìåíåíèå ÌÑÊ ïðè èììóíîïàòîëîãè÷åñêèõ ñîñòîÿíèÿõ - âîçìîæ-
íîñòü âûÿñíèòü èõ ðåãóëÿòîðíûå ñâîéñòâà, èõ ñïîñîáíîñòü âëèÿòü íà
èììóííûå ïðîöåññû îðãàíèçìà. Íà ñåãîäíÿøíèé äåíü íàêîïëåí îïûò
ïðèìåíåíèÿ ÌÑÊ êàê íà ðàçëè÷íûõ ýêñïåðèìåíòàëüíûõ ìîäåëÿõ, òàê
è â êëèíèêå. Àíàëèç ñóùåñòâóþùèõ äàííûõ ïîçâîëÿåò íàì ðàññóæ-
äàòü î âëèÿíèè ÌÑÊ íà îòäåëüíûå êîìïîíåíòû èììóííîé ñèñòåìû
ïîçâîíî÷íûõ.

Êëþ÷åâûå ñëîâà: ìåçåíõèìíûå ñòâîëîâûå êëåòêè, Ò-êëåòêè,
Â-êëåòêè, êñåíîãåííàÿ òðàíñïëàíòàöèÿ ñòâîëîâûõ êëåòîê, àëëîãåí-
íàÿ òðàíñïëàíòàöèÿ ñòâîëîâûõ êëåòîê, áîëåçíü «òðàíñïëàíòàò ïðî-
òèâ õîçÿèíà».

Ââåäåíèå
Èññëåäîâàíèå áèîëîãèè ñòâîëîâûõ êëåòîê âçðîñëîãî

îðãàíèçìà ÿâëÿåòñÿ àêòóàëüíîé çàäà÷åé ñîâðåìåííîé ýêñ-
ïåðèìåíòàëüíîé ìåäèöèíû è êëåòî÷íîé áèîëîãèè. Âñå áî-
ëåå øèðîêîå ïðèìåíåíèå íàõîäÿò ðàçëè÷íûå ñòâîëîâûå
êëåòêè â ýêñïåðèìåíòå è êëèíèêå. Îäèí èç òèïîâ ñòâîëîâûõ
êëåòîê âçðîñëîãî îðãàíèçìà - ìåçåíõèìíûå ñòâîëîâûå êëåò-
êè (ÌÑÊ), îòêðûòû åùå â 70-õ ãîäàõ ïðîøëîãî âåêà, íî òîëüêî
ñåé÷àñ èõ íà÷àëè èñïîëüçîâàòü â ýêñïåðèìåíòàëüíîé ìåäè-
öèíå è êëèíèêå [1]. ÌÑÊ ïðèìåíÿþò â êàðäèîëîãèè, íåâðî-
ëîãèè, òðàâìàòîëîãèè. Â äàííîì îáçîðå ìû îñòàíîâèëèñü íà
òàêîì ñâîéñòâå ÌÑÊ êàê ðåãóëÿöèÿ èììóííîãî îòâåòà.

ÌÑÊ ïðåäñòàâëÿþò ñîáîé ïîïóëÿöèþ ïëþðèïîòåíòíûõ
ñòâîëîâûõ êëåòîê, ñïîñîáíûõ äèôôåðåíöèðîâàòüñÿ â íà-
ïðàâëåíèè ðÿäà ñîìàòè÷åñêèõ êëåòî÷íûõ ëèíèé. ÌÑÊ ìîãóò
ÿâëÿòüñÿ ïðåäøåñòâåííèêàìè îñòåîáëàñòîâ, õîíäðîöèòîâ, àäè-
ïîöèòîâ [2, 3], à òàêæå ýíäîòåëèàëüíûõ êëåòîê, ñêåëåòíûõ ìè-
îöèòîâ [4], êëåòîê íåðâíîé òêàíè [5] è êàðäèîìèîöèòîâ [6, 7].

Ôåíîòèïè÷åñêè ÌÑÊ èäåíòèôèöèðóþò ïî îòñóòñòâèþ
ìàðêåðîâ, õàðàêòåðíûõ äëÿ ãåìîïîýòè÷åñêèõ êëåòîê, òàêèõ
êàê CD34-, CD45-, glycophorinA-, CD14-; HLA-DR, àíòèãå-
íîâ CD80 and CD86, è ïî íàëè÷èþ ñëåäóþùèõ ñèãíàëüíûõ
ìîëåêóë: CD105 (endoglin), CD129, CD166, CD90(Thy1),
CD44 (hyaluronate receptor), CD29, CD13, CD106 (VCAM-1),
ICAM-2, LFA-3 [8, 9].
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Â ìàëîì êîëè÷åñòâå ÌÑÊ ïðåäñòàâëåíû (1:104-105
ìîíîíóêëåàðíûõ êëåòîê) â êîñòíîì ìîçãå [8], ãäå îíè ó÷à-
ñòâóþò â ôîðìèðîâàíèè ñòðîìû, íåîáõîäèìîé äëÿ ïîääåð-
æàíèÿ ãîìåîñòàçà è ôóíêöèîíèðîâàíèÿ ñîáñòâåííûõ è
òðàíñïëàíòèðîâàííûõ ãåìîïîýòè÷åñêèõ êëåòîê [10, 11].

ÌÑÊ ñïîñîáñòâóþò ðîñòó ãåìîïîýòè÷åñêèõ ïðåäøåñòâåí-
íèêîâ ïóòåì ñåêðåöèè ðÿäà öèòîêèíîâ, òàêèõ êàê ÈË-6, ÈË-7,
ÈË-8, ÈË-11, ÈË-12, ÈË-14, ÈË-15, ôàêòîð LIF (leukemia-
inhibitory factor), ìàêðîôàãàëüíûé êîëîíèåñòèìóëèðóþùèé
ôàêòîð (Ì-ÊÑÔ), ãðàíóëîöèòàðíî-ìàêðîôàãàëüíûé êîëîíè-
åñòèìóëèðóþùèé ôàêòîð (ÃÌ-ÊÑÔ), ôàêòîð ðîñòà ñòâîëîâîé
êëåòêè [8, 9]. ÌÑÊ òàêæå ìîãóò ñïîñîáñòâîâàòü ìèãðàöèè
ãåìîïîýòè÷åñêèõ ñòâîëîâûõ êëåòîê (ÃÑÊ), ââåäåííûõ ïó-
òåì âíóòðèâåííîé èíôóçèè â êîñòíûé ìîçã, ýêñïðåññèðóÿ
õîóìèíã-ðåöåïòîðû è õåìîêèíû, íàïðèìåð, SDF-1 (stromal-
derived factor�1) [9].

Ìèãðàöèÿ òðàíñïëàíòèðîâàííûõ ÌÑÊ â êîñòíûé ìîçã
òàêæå ìîæåò ïðîèñõîäèòü ïî ãðàäèåíòó êîíöåíòðàöèè SDF-1
çà ñ÷åò ýêñïðåññèè CXCR4. Òîò æå ìåõàíèçì âçàèìîäåé-
ñòâèÿ SDF-1 è CXCR4, à òàêæå HGF è c-met, ïðåäëîæåí äëÿ
îáúÿñíåíèÿ õîóìèíã-ýôôåêòà ÌÑÊ â îòíîøåíèè ïîâðåæ-
äåííûõ òêàíåé [12, 13].

Ïëþðèïîòåíòíîñòü ÌÑÊ, ñïåöèôè÷åñêàÿ ìèãðàöèÿ â îáëàñòü
ïîâðåæäåíèÿ è àäãåçèîííûå ñâîéñòâà - âñå ýòî îáóñëàâëèâàåò

Mesenchymal stem cells (MSC), multipotent stem cells of a grown
human body are used more and more in clinical investigations. Their
differentiation potential enables their application in traumatology,
cardiology, neurology. However, more and more investigators consider
therapeutic effectiveness of MSC transplantation proved by many
preclinical and clinical studies to be due to not only differentiation but
also a regulatory function of these cells. Application of MSC in
immunopathologic conditions provides the opportunity to clarify their
regulatory characteristics, ability to influence immune process within
the body. Nowadays,  there is a lot of experience of MSC usage in both
different experimental models and in clinic. The present data analysis
allows to discuss the influence of mesenchymal stem cells on separate
parts of an immune system of the vertebrate.

Key words: mesenchymal stem cells, T-cell, B-cell, xenogenic
stem cell transplantation, allogeneic stem cell transplantation, graft-
versus-host disease.
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âîññòàíîâèòåëüíóþ ôóíêöèþ ÌÑÊ. ÌÑÊ ñïîñîáíû ìèãðèðî-
âàòü ê ìåñòó ïîâðåæäåíèÿ, çàêðåïëÿòüñÿ, äèôôåðåíöèðî-
âàòüñÿ è îñóùåñòâëÿòü ôóíêöèþ çàìåùåííûõ êëåòîê.

Èìåííî ýòè ñâîéñòâà ÌÑÊ äàþò âîçìîæíîñòü èñïîëüçî-
âàòü äëÿ ðåïàðàöèè è ðåãåíåðàöèè òêàíåé, íàïðèìåð, ìèî-
êàðäà, íåðâíîé òêàíè, êîñòåé, ñóõîæèëèé, õðÿùåé [14-16].

Êñåíîãåííàÿ è àëëîãåííàÿ òðàíñïëàíòàöèÿ ÌÑÊ
Ïðè ìîäåëèðîâàíèè ýêñïåðèìåíòàëüíîãî èíôàðêòà ìè-

îêàðäà ó éîðêøèðñêèõ ñâèíåé áûëà ïðîäåìîíñòðèðîâàíà
ñëåäóþùàÿ îñîáåííîñòü ÌÑÊ: òðàíñïëàíòèðîâàííûå êëåò-
êè íå âûçûâàëè èììóííîãî îòâåòà ïðè èíòðàìèîêàðäèàëü-
íîì ââåäåíèè. ÌÑÊ áûëè òðàíñïëàíòèðîâàíû âçðîñëûì
èììóíîêîìïåòåíòíûì æèâîòíûì áåç ïðîâåäåíèÿ èììóíî-
ñóïðåññèâíîé òåðàïèè. Ïðè ïîñëåäóþùåì àíàëèçå, ìå÷åíûå
êëåòêè áûëè ëîêàëèçîâàíû â ïåðèèíôàðêòíîé çîíå. Èññëå-
äîâàòåëè íå âûÿâèëè ðåàêöèè îòòîðæåíèÿ [17-19].

Ïðåíàòàëüíîå èëè ïîñòíàòàëüíîå ââåäåíèå àëëîãåííûõ
ÌÑÊ ïðè ðàçâèòèè íåñîâåðøåííîãî îñòåîãåíåçà ó ÷åëîâåêà
íå òîëüêî íå ñîïðîâîæäàëîñü îòòîðæåíèåì ââåäåííûõ êëåòîê,
íî è ïðèâîäèëî ê ñóùåñòâåííîìó óëó÷øåíèþ òå÷åíèÿ äàííîãî
çàáîëåâàíèÿ ó äåòåé [20-23]. Íå îòòîðãàëèñü àëëîãåííûå ÌÑÊ
è ó äåòåé ñ âðîæäåííûìè ìåòàáîëè÷åñêèìè íàðóøåíèÿìè [24].
Êðîìå òîãî, ïðèæèâëåíèå àëëîãåííûõ ÌÑÊ â êîñòíîì ìîçãå
áûëî âûÿâëåíî ó áîëüíîãî àïëàñòè÷åñêîé àíåìèåé [25].

Ñíèæåííûå èììóíîðåàêòèâíûå ñâîéñòâà ÌÑÊ áûëè ïîêà-
çàíû íà ìîäåëè êñåíîãåííîé òðàíñïëàíòàöèè. Êîñòíîìîçãî-
âûå ñòðîìàëüíûå êëåòêè, âûäåëåííûå îò ìûøåé, ââîäèëèñü
èììóíîêîìïåòåíòíûì êðûñàì. Èììóíîñóïðåññèâíóþ òåðà-
ïèþ â äàííîé ñåðèè ýêñïåðèìåíòîâ íå ïðîâîäèëè. Ìå÷åíûå
êëåòêè ìûøè îáíàðóæèâàëèñü â êàâåðíàõ êîñòíîãî ìîçãà
êðûñ-ðåöèïèåíòîâ, ïî ìåíüøåé ìåðå â òå÷åíèå 13 íåäåëü
ïîñëå òðàíñïëàíòàöèè [26].

Ñõîæèå ðåçóëüòàòû áûëè ïîëó÷åíû ïðè èñïîëüçîâàíèè äðó-
ãîé ìîäåëè êñåíîòðàíñïëàíòàöèè, ãäå ÌÑÊ ÷åëîâåêà ââîäè-
ëèñü â áðþøíóþ ïîëîñòü ïëîäà îâöû íà 85-é äåíü ãåñòàöèè.
Èçâåñòíî, ÷òî ïëîä îâöû äî 75-ãî äíÿ ãåñòàöèè îáëàäàåò íå-
ñîâåðøåííîé èììóííîé ñèñòåìîé. Ïîñëå ýòîãî ïåðèîäà îí
ñïîñîáåí îòòîðãàòü àëëî/êñåíîãåííûé êëåòî÷íûé ìàòåðèàë
[27]. Ââåäåííûå êñåíîãåííûå ÌÑÊ áûëè ñïîñîáíû ïåðñèñòè-
ðîâàòü â ðàçëè÷íûõ òêàíÿõ ïëîäà â òå÷åíèå âñåãî âðåìåíè èñ-
ñëåäîâàíèÿ (òðèíàäöàòè ìåñÿöåâ) è äèôôåðåíöèðîâàòüñÿ â
ñïåöèôè÷íûå äëÿ ðàçëè÷íûõ òêàíåé êëåòî÷íûå òèïû, íå âû-
çûâàÿ ïðè ýòîì èììóííîãî îòâåòà ñî ñòîðîíû ðåöèïèåíòà [28].

Èììóíîôåíîòèï ÌÑÊ îòëè÷àåòñÿ ñëåäóþùèìè îñîáåí-
íîñòÿìè: îòñóòñòâèåì êîñòèìóëèðóþùèõ ìîëåêóë B7-1, B7-2,
CD40, ÑD40-L, îòíîñèòåëüíî íèçêèì óðîâíåì ýêñïðåññèè
MHC I êëàññà è îòñóòñòâèåì ýêñïðåññèè MHC II êëàññà. Ýòîò
ôåíîìåí îáúÿñíÿåò ïðèæèâàåìîñòü ÌÑÊ â àëëîãåííîì è
êñåíîãåííîì îðãàíèçìå áåç ðàçâèòèÿ ðåàêöèè «õîçÿèí ïðî-
òèâ òðàíñïëàíòàòà».

Ýêñïðåññèÿ MHC II êëàññà íà ïîâåðõíîñòè ÌÑÊ ìîæåò
áûòü èíäóöèðîâàíà âîçäåéñòâèåì èíòåðôåðîíà γ (INFγ) [29,
30]. Ïðîäóêöèÿ INFγ ñîïðîâîæäàåò òå÷åíèå âñåõ âîñïàëè-
òåëüíûõ ïðîöåññîâ, â òîì ÷èñëå è ïðè ðåàêöèè «òðàíñïëàíòàò
ïðîòèâ õîçÿèíà» (ÐÒÏÕ). Îäíàêî, íåñìîòðÿ íà ýêñïðåññèþ
ÌÍÑ II êëàññà, àëëîãåííûå ÌÑÊ íå âûçûâàþò äîïîëíèòåëü-
íîé àêòèâàöèè öèòîòîêñè÷åñêèõ ëèìôîöèòîâ è íåñïîñîáíû
âûçûâàòü Ò-êëåòî÷íûé îòâåò [31, 32].

Áîëåå òîãî, ñóùåñòâóþò ôàêòû, ïîäòâåðæäàþùèå ó÷àñ-
òèå ÌÑÊ â ðåãóëÿöèè íåãàòèâíîé ñåëåêöèè òèìîöèòîâ. Èñ-
ñëåäîâàòåëÿì óäàëîñü äîêàçàòü, ÷òî ïðè òðàíñïëàíòàöèè
êîñòíîãî ìîçãà ÌÑÊ äèôôåðåíöèðóþòñÿ â ýïèòåëèàëüíûå
êëåòêè òèìóñà, êîòîðûå îïðåäåëÿþò ñåëåêöèþ Ò-êëåòîê. [33].
Òàêèì îáðàçîì, ìîæíî ïðåäïîëîæèòü, ÷òî ÌÑÊ ñïîñîáñòâó-
þò ðàçâèòèþ ó ðåöèïèåíòà èììóíîëîãè÷åñêîé òîëåðàíòíîñòè
ê êëåòêàì äîíîðà.

Èììóíîðåãóëÿòîðíûå ñâîéñòâà ÌÑÊ
Â ìíîãîöåíòðîâîì êëèíè÷åñêîì èññëåäîâàíèè áûëî ïî-

êàçàíî, ÷òî êîòðàíñïëàíòàöèÿ ãåìîïîýòè÷åñêèõ êëåòîê è
ÌÑÊ ñóùåñòâåííî (äî 15%) ñíèæàëà âåðîÿòíîñòü âîçíèê-
íîâåíèÿ ÐÒÏÕ ïðè àëëîãåííîé òðàíñïëàíòàöèè ó áîëüíûõ ñ
ëåéêîçàìè (êîíòðîëüíîé ãðóïïå ýòî ïîêàçàòåëü ñîñòàâèë
40%). Êðîìå òîãî, ïîâûøàëàñü ñðåäíÿÿ âûæèâàåìîñòü ïà-
öèåíòîâ ñ ñî÷åòàííîé òðàíñïëàíòàöèåé ÃÑÊ è ÌÑÊ [34].

Çàñëóæèâàåò îòäåëüíîãî àíàëèçà îïûò ëå÷åíèÿ 9-ëåòíåãî
ìàëü÷èêà áîëüíûì îñòðûì ëèìôîáëàñòíûì ëåéêîçîì ïîñ-
ëå àëëîãåííîé ãàïëîèäåíòè÷íîé òðàíñïëàíòàöèè ÃÑÊ. Ðàç-
âèâøàÿñÿ ÐÒÏÕ 4-é ñòåïåíè ñ ïîðàæåíèåì ïå÷åíè è êèøå÷-
íèêà áûëà ðåçèñòåíòíà êî âñåì ñîâðåìåííûì ìåòîäàì
èììóíîñóïðåññèâíîé òåðàïèè, ò.å. áûëà ïðàêòè÷åñêè íåñîâ-
ìåñòèìà ñ æèçíüþ. Ââåäåíèå ÌÑÊ îò ãàïëîèäåíòè÷íîãî äî-
íîðà ñòâîëîâûõ êëåòîê ñîïðîâîæäàëîñü áûñòðîé ðåãðåññè-
åé ïðîÿâëåíèé ÐÒÏÕ è íîðìàëèçàöèåé ëàáîðàòîðíûõ
ïîêàçàòåëåé. Ïî äàííûì êîëîíîñêîïèè íå áûëî îáíàðóæåíî
çíà÷èìûõ ïàòîëîãè÷åñêèõ èçìåíåíèé ñëèçèñòîé îáîëî÷êè
êèøêè. Ïî äàííûì áèîïñèè ñòåíêè êèøêè áûëà âûÿâëåíà
ëåãêàÿ ÐÒÏÕ, à 4% ýïèòåëèàëüíûõ êëåòîê â îáðàçöå îáëà-
äàëè æåíñêèì ãåíîòèïîì. Ñëåäóåò çàìåòèòü, ÷òî ÌÑÊ ââî-
äèëèñü íà ôîíå ïðîäîëæàþùåéñÿ òåðàïèè öèêëîñïîðèíîì
[35]. Òðóäíî ïðåäïîëîæèòü, ÷òî ââåäåíèå ÌÑÊ ñûãðàëî ñâîþ
ïîçèòèâíóþ ðîëü òîëüêî â ðåãåíåðàöèè ïîðàæåííûõ îðãà-
íîâ. Ñëåäóåò îòìåòèòü, ÷òî ÷åðåç ïîëòîðà ãîäà ïîñëå òðàíñ-
ïëàíòàöèè ó áîëüíîãî âíîâü ðàçâèëàñü ÐÒÏÕ. Ñëåäîâàòåëüíî,
ìû íå ìîæåì óòâåðæäàòü, ÷òî ââåäåíèå ÌÑÊ ïðèâîäèò ê ïîë-
íîé àíåðãèè äîíîðñêîãî ìàòåðèàëà. Ïîâòîðíîå ââåäåíèå
ÌÑÊ ïîçâîëèëî âíîâü ïðåðâàòü ÐÒÏÕ [36].

Òàêæå îïèñàíà 20-ëåòíÿÿ ïàöèåíòêà ñ oñòðûì ìèåëîá-
ëàñòíûì ëåéêîçîì, êîòîðîé áûëè òðàíñïëàíòèðîâàíû ïåðè-
ôåðè÷åñêèå CD34+ ãåìîïîýòè÷åñêèå êëåòêè åå îòöà, íå ïîä-
õîäÿùåãî ïî HLA-ãàïëîòèïó, è îäíîâðåìåííî áûëè ââåäåíû
ÌÑÊ òîãî æå äîíîðà. Ó ïàöèåíòêè íå áûëî ïðîÿâëåíèé íè
îñòðîé, íè õðîíè÷åñêîé ÐÒÏÕ. ×åðåç 31 ìåñÿö ïîñëå òðàíñ-
ïëàíòàöèè ó íåå íàáëþäàëñÿ ñòîéêèé ïîëíûé ãåìàòîëîãè-
÷åñêèé îòâåò áåç ÿâíîãî ðåöèäèâà çàáîëåâàíèÿ [37].

Èäåÿ èñïîëüçîâàòü ÌÑÊ êàê èíñòðóìåíò ðåãóëÿöèè èì-
ìóííîãî îòâåòà è òåì ñàìûì óìåíüøàòü ïðîÿâëåíèÿ ÐÒÏÕ
ëåæèò â îñíîâå ìóëüòèöåíòðîâûõ êëèíè÷åñêèõ èñïûòàíèé, â
êîòîðûõ ïàöèåíòû ñ îíêîãåìàòîëîãè÷åñêèìè çàáîëåâàíèÿ-
ìè ïîëó÷àëè äîíîðñêèå ÌÑÊ îäíîâðåìåííî ñ èíôóçèåé ÃÑÊ
â êà÷åñòâå ïðîôèëàêòèêè ÐÒÏÕ. Ïî ïîëó÷åííûì äàííûì,
îáùèé ïðîöåíò îñòðîé è õðîíè÷åñêîé ÐÒÏÕ áûë ÿâíî íèæå
ñðåäè ïàöèåíòîâ, êîòîðûì áûëè ââåäåíû ÌÑÊ, â ñðàâíåíèè
ñ êîíòðîëüíîé ãðóïïîé [38].

Èòàê, ÌÑÊ íå îòòîðãàþòñÿ ïðè àëëî- è êñåíîòðàíñïëàíòà-
öèè. Ïðè ââåäåíèè ðåöèïèåíòó ÌÑÊ íå âûçûâàþò èììóííîãî
îòâåòà, íå ëèçèðóþòñÿ öèòîòîêñè÷åñêèìè Ò-ëèìôîöèòàìè è
íàòóðàëüíûìè êèëëåðàìè. Èíûìè ñëîâàìè, ÌÑÊ â îðãàíèçìå
ðåöèïèåíòà ñòàíîâÿòñÿ «íåâèäèìûìè» äëÿ Ò-ëèìôîöèòîâ
[28, 29, 39].

Ðåçóëüòàòû, ïîëó÷åííûå â óñëîâèÿõ in vivo, ïîäòâåðäèëèñü
â ýêñïåðèìåíòàõ in vitro. Îíè ñâèäåòåëüñòâóþò î òîì, ÷òî ÌÑÊ
ïðîÿâëÿþò ñëàáûå èììóíîãåííûå ñâîéñòâà è âûçûâàþò ñóï-
ðåññèþ àëëîãåííûõ è àóòîãåííûõ Ò-êëåòîê [29, 40-44]. Ïðè
ýòîì âûÿñíèëîñü, ÷òî ÌÑÊ îò àëëîãåííîãî èëè êñåíîãåííî-
ãî äîíîðà îáëàäàþò áîëüøåé ñóïðåññèðóþùåé àêòèâíîñòüþ,
÷åì àóòîëîãè÷íûå êëåòêè [45].

Âëèÿíèå ÌÑÊ íà èììóííóþ ñèñòåìó ðåöèïèåíòà ìîæåò
ïðîèñõîäèòü íà íåñêîëüêèõ óðîâíÿõ ðàçâèòèÿ ðåàêöèè îòòîð-
æåíèÿ. Âî-ïåðâûõ, êàê óïîìèíàëîñü âûøå, ÌÑÊ ñïîñîáíû
âëèÿòü íà Ò-êëåòêè, âî-âòîðûõ, ÌÑÊ ñïîñîáíû âçàèìîäåé-
ñòâîâàòü ñ àíòèãåíïðåçåíòèðóþùèìè êëåòêàìè, â-òðåòüèõ,
ÌÑÊ âîçäåéñòâóþò íà ïîïóëÿöèþ íàòóðàëüíûõ êèëëåðîâ
(ðèñ. 1).



Îáçîðû38

Êëåòî÷íàÿ òðàíñïëàíòîëîãèÿ è òêàíåâàÿ èíæåíåðèÿ  ¹ 3 (5), 2006

ÌÑÊ è Ò-êëåòêè
Ôåíîìåí âçàèìîäåéñòâèÿ ÌÑÊ è àëëîãåííûõ Ò-êëåòîê ê

íàñòîÿùåìó ìîìåíòó ïîäòâåðæäåí ìíîãî÷èñëåííûìè èñ-
ñëåäîâàíèÿìè. Èçâåñòíî, ÷òî â ïðèñóòñòâèè àëëîãåííûõ ÌÑÊ
íå ïðîèñõîäèò àêòèâàöèè Ò-êëåòîê, à òàêæå ñíèæàåòñÿ óðî-
âåíü ïðîëèôåðàöèè àêòèâèðîâàííûõ Ò-êëåòîê [29, 40-49].
Ê íàñòîÿùåìó ìîìåíòó èçâåñòåí âíóòðèêëåòî÷íûé ìåõàíèçì
òàêîãî âëèÿíèÿ ÌÑÊ. Îñòàíîâêà ïðîëèôåðàöèè àêòèâèðî-
âàííûõ Ò-êëåòîê â ïðèñóòñòâèè ÌÑÊ ïðîèñõîäèò â ðàííåé
G1 ôàçå êëåòî÷íîãî öèêëà è îïîñðåäîâàíà ñíèæåíèåì ýêñ-
ïðåññèè öèêëèíà D2 [50]. Áîëåå òîãî, ïîñëå âçàèìîäåéñòâèÿ
ñ ÌÑÊ â Ò-êëåòêàõ íàáëþäàåòñÿ óñèëåíèå ýêñïðåññèè äðóãî-
ãî èíãèáèòîðà êëåòî÷íîãî öèêëà - áåëêà p27 Kip1, êîòîðûé
ïðèâîäèò ê îñòàíîâêå êëåòî÷íîãî öèêëà êàê â êîíòðîëüíîé
òî÷êå G1/S, òàê è â G2/M [50, 51]. Ðîëü íåïîñðåäñòâåííî-
ãî êîíòàêòà ìåæäó Ò-êëåòêàìè è ÌÑÊ äî êîíöà íå ÿñíà.
Èìååòñÿ åäèíñòâåííîå ñîîáùåíèå, óêàçûâàþùåå íà òî, ÷òî
ìåæìåìáðàííîå âçàèìîäåéñòâèå ÌÑÊ è Ò-êëåòîê ïðèâî-
äèò ê îñòàíîâêå ïðîëèôåðàöèè ïîñëåäíèõ. Èññëåäîâàòåëè
îáíàðóæèëè, ÷òî ïðè ñîêóëüòèâèðîâàíèè ÌÑÊ ñ Ò-êëåòêàìè
óðîâåíü ïðîëèôåðàöèè àêòèâèðîâàííûõ Ò-êëåòîê ñíèæàëñÿ,
à íà ïîâåðõíîñòè ÌÑÊ àêòèâíî ýêñïðåññèðîâàëñÿ ìåìáðàí-
íûé áåëîê PD1 (programmed death 1). Ïðè äîáàâëåíèè â
ñìåøàííóþ êóëüòóðó àíòèòåë ê PD1 óðîâåíü ïðîëèôåðàöèè
Ò-êëåòîê âîçðàñòàë íà 50% [52].

Ìîäóëèðóþùèé ýôôåêò ÌÑÊ íà ïðîëèôåðàöèþ è àêòèâà-
öèþ Ò-êëåòîê íàáëþäàåòñÿ íå òîëüêî â ñìåøàííûõ êóëüòóðàõ
êëåòîê, íî è ïðè èñïîëüçîâàíèè ïîëóïðîíèöàåìîé ìåìáðàíû.
Â ñâÿçè ñ ýòèì âíèìàíèå èññëåäîâàòåëåé áûëî íàïðàâëåíî íà
ïðîäóêòû ñåêðåöèè ÌÑÊ. Â ðîëè ìåäèàòîðîâ, ñóïðåññèðóþùèõ
Ò-êëåòêè, âûñòóïàþò TGF-β (transforming growth factor�β) è

HGF (hepatocyte growth factor). Ïðè äîáàâëåíèè â êóëüòóðó àê-
òèâèðîâàííûõ Ò-êëåòîê TGF-β è HGF èëè ÌÑÊ óðîâåíü ïðîëè-
ôåðàöèè Ò-êëåòîê ñóùåñòâåííî ñíèæàëñÿ. Îäíîâðåìåííîå
äîáàâëåíèå àíòèòåë ïðîòèâ TGF-β è HGF â îáå ýêñïåðèìåí-
òàëüíûå ñèñòåìû ïðèâîäèëî ê âîññòàíîâëåíèþ ïðîëèôå-
ðàòèâíîé àêòèâíîñòè Ò-êëåòîê äî èñõîäíîãî óðîâíÿ [8, 29].

Êðîìå òîãî, ïîñòîÿííûì ïðîäóêòîì ñåêðåöèè ÌÑÊ ÿâ-
ëÿåòñÿ ïðîñòàãëàíäèí E2 (PGE2). Èíãèáèòîðû ïðîäóêöèè
PGE2 òàêæå ñïîñîáíû in vitro îãðàíè÷èâàòü ÌÑÊ-îïîñðåäî-
âàííóþ èììóíîñóïðåññèþ. Ïîëó÷åíû äàííûå, ÷òî â ïðèñóò-
ñòâèè èíãèáèòîðîâ PGE2 óðîâåíü ïðîëèôåðàöèè ëèìôîöè-
òîâ âîçðàñòàë íà 70%, ÷òî áûëî ñîïîñòàâèìî ñ ðåçóëüòàòàìè,
ïîëó÷åííûìè â îòñóòñòâèè ÌÑÊ. Êðîìå òîãî, â ïðèñóòñòâèè
èíãèáèòîðîâ PGE2 óâåëè÷èâàåòñÿ óðîâåíü ñåêðåöèè ôàêòî-
ðà íåêðîçà îïóõîëè α (TNFα) è IFNγ àêòèâèðîâàííûìè äåíä-
ðèòíûìè êëåòêàìè (ÄÊ) è Ò-ëèìôîöèòàìè [53].

Äðóãîé ïóòü îãðàíè÷èíåíèÿ Ò-êëåòî÷íîãî îòâåòà ðåàëè-
çóåòñÿ íà ýòàïå ÈË-2-çàâèñèìîé àêòèâàöèè. Ðåöåïòîðû ê
èíòåðëåéêèíó 2 (ÈË-2Rα) ýêñïðåññèðóþòñÿ íà ïåðèôåðè÷åñ-
êèõ ëèìôîöèòàõ íåïîñòîÿííî. Óðîâåíü ýêñïðåññèè èõ ïîâû-
øàåòñÿ ïîñëå àíòèãåííîé ñòèìóëÿöèè êëåòîê. Â ïðèñóòñòâèè
ÌÑÊ íà ïîâåðõíîñòè ïåðèôåðè÷åñêèõ ëèìôîöèòîâ ýêñïðåñ-
ñèÿ ÈË-2Rα óìåíüøàåòñÿ, ÷òî ïðåïÿòñòâóåò èõ àêòèâàöèè [54].

Ñóùåñòâóþò ôàêòû, ñâèäåòåëüñòâóþùèå î òîì, ÷òî ñóï-
ðåññèðóþùèé ýôôåêò ÌÑÊ ìîæåò áûòü ñâÿçàí è ñ èíäóêöè-
åé àïîïòîçà àêòèâèðîâàííûõ Ò-êëåòîê [55]. Èíäóêòîðîì
àïîïòîçà ìîæåò ñëóæèòü èíäîëàìèí-2,3-äèîêñèãåíàçà
(ÈÄÎ) - îäèí èç îñíîâíûõ ôåðìåíòîâ ìåòàáîëèçìà àìèíî-
êèñëîòû òðèïòîôàíà. Îòñóòñòâèå òðèïòîôàíà âûçûâàåò
àïîïòîç Ò-êëåòîê [56]. Ïîêàçàíî, ÷òî ÌÑÊ ýêñïðåññèðóþò
ÈÄÎ â îòâåò íà ñòèìóëÿöèþ êëåòîê IFNγ. Äåéñòâèòåëüíî, ïîñëå

Ðèñ. 1. Âëèÿíèå àëëîãåííûõ ÌÑÊ íà êëåòêè
èììóííîé ñèñòåìû ðåöèïèåíòà

Ðèñ. 2. Âëèÿíèå ÌÑÊ íà ïîïóëÿöèþ Ò-êëåòîê
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àêòèâàöèè àíòèãåíàìè Ò-ëèìôîöèòû ïðîäóöèðóþò IFNγ. Ýòîò
ôàêò ìîæåò îáúÿñíèòü îòñóòñòâèå àïîïòîçà â ñìåøàííîé
êóëüòóðå ÌÑÊ è íåñòèìóëèðîâàííûõ Ò-êëåòîê [55].

Ñóùåñòâóåò ïðåäïîëîæåíèå, ÷òî ÌÑÊ ìîãóò ó÷àñòâîâàòü
â ðåãóëÿöèè äèôôåðåíöèðîâêè Ò-êëåòîê, ïðåèìóùåñòâåííî
â íàïðàâëåíèè CD4+CD25+ (T-ðåãóëÿòîðîâ), è òåì ñàìûì
ïðèíèìàòü îïîñðåäîâàííîå ó÷àñòèå â ðåãóëÿöèè äðóãèõ ïî-
ïóëÿöèé ëèìôîöèòîâ (ðèñ. 2). Â ðåçóëüòàòå ñòèìóëÿöèè ðî-
ñòêà Ò-ðåãóëÿòîðîâ ïðîèñõîäèò ñóïðåññèÿ ïðîëèôåðàöèè
ýôôåêòîðíûõ êëåòîê (öèòîòîêñè÷åñêèõ Ò-ëèìôîöèòîâ,
íàòóðàëüíûõ êèëëåðîâ), à òàêæå, îãðàíè÷åíèå äèôôåðåíöè-
ðîâêè ÄÊ [56].

ÌÑÊ è íàòóðàëüíûå êèëëåðû (NK)
Âëèÿíèå ÌÑÊ íà ïîïóëÿöèþ íåàêòèâèðîâàííûõ NK-êëå-

òîê ñõîæå ñ âîçäåéñòâèåì íà Ò-êëåòêè. Ïðèñóòñòâèå ÌÑÊ
èíãèáèðóåò ïðîëèôåðàöèþ NK-êëåòîê. Äîáàâëåíèå â ñìå-
øàííóþ êóëüòóðó ÌÑÊ è NK-êëåòîê èíòåðëåéêèíà 2 (ÈË-2)
èëè èíòåðëåéêèíà 15 (ÈË-15) - ñòèìóëÿòîðîâ äåëåíèÿ è
àêòèâàöèè NK-êëåòîê, íå ïðèâîäèò ê èçìåíåíèþ ïðîëèôå-
ðàòèâíîãî è öèòîòîêñè÷åñêîãî ñòàòóñà ïîñëåäíèõ [57, 58].
Ìåõàíèçì òàêîãî âëèÿíèÿ ÌÑÊ, âåðîÿòíî, êàê è â ñëó÷àå ñ
Ò-êëåòêàìè, ñâÿçàí ñ ïðîäóêöèåé PGE2 è TGFβ. PGE2 ñóï-
ðåññèðóåò öèòîòîêñè÷íîñòü NK-êëåòîê è ïðîäóêöèþ ïðîâîñ-
ïàëèòåëüíûõ öèòîêèíîâ, îïîñðåäîâàííóþ ÈË-2 è ÈË-15
[59, 60]. Äîáàâëåíèå â ñìåøàííóþ êóëüòóðó ÌÑÊ è NK-êëå-
òîê èíãèáèòîðà PGE2 ïðèâîäèò ê ÷àñòè÷íîìó âîññòàíîâëåíèþ
óðîâíÿ ïðîëèôåðàöèè NK-êëåòîê [58]. Ñõîæèå èçìåíåíèÿ ïðî-
èñõîäÿò è ïðè äîáàâëåíèè â ñìåøàííóþ êóëüòóðó àíòèòåë ê
TGFβ [58, 61].

Îäíàêî ïðè äîáàâëåíèè ÌÑÊ ê êóëüòóðå àêòèâèðîâàííûõ
NK-êëåòîê ñóïðåññèÿ íå íàáëþäàåòñÿ. Áîëåå òîãî, NK-êëåòêè
ëèçèðóþò àëëîãåííûå ÌÑÊ. Òàêîå âëèÿíèå àêòèâèðîâàííûõ
NK-êëåòîê íà ÌÑÊ ìîæåò áûòü îáúÿñíåíî ñëåäóþùèì îá-
ðàçîì. Èçâåñòíî, ÷òî àêòèâèðîâàííûå NK-êëåòêè ïðîäóöèðó-
þò IFNγ. Êàê óïîìèíàëîñü âûøå, IFNγ âûçûâàåò ýêñïðåññèþ
ìîëåêóë ÌÍÑ II êëàññà íà ïîâåðõíîñòè ÌÑÊ, à òàêæå ýêñï-
ðåññèþ íåêîòîðûõ äðóãèõ ìîëåêóë, ñïîñîáíûõ âçàèìîäåé-
ñòâîâàòü ñ àêòèâèðîâàííûìè ðåöåïòîðàìè NK-êëåòîê (CD 112,
CD155, CD226) [29, 30, 59]. Â ðåçóëüòàòå ìåæêëåòî÷íîãî
âçàèìîäåéñòâèÿ ÌÑÊ ëèçèðóþòñÿ, ïðè÷åì ëèçèðîâàòüñÿ ìî-
ãóò è àóòîãåííûå êëåòêè [63]. Òàêèì îáðàçîì, íåñìîòðÿ íà îá-
ùåå ñóïðåññèðóþùåå âîçäåéñòâèå íà èììóííóþ ñèñòåìó,
ÌÑÊ, âåðîÿòíî, íå ó÷àñòâóþò â îãðàíè÷åíèè ðåàêöèé îðãà-
íèçìà ïðîòèâ îïóõîëåâûõ êëåòî÷íûõ ýëåìåíòîâ.

ÌÑÊ è àíòèãåíïðåçåíòèðóþùèå êëåòêè (ÀÏÊ)
Âëèÿíèå ÌÑÊ íà ÀÏÊ èçó÷åíî ê íàñòîÿùåìó ìîìåíòó

íåäîñòàòî÷íî. Ïîêàçàíî, ÷òî âçàèìîäåéñòâèå ÌÑÊ è ÀÏÊ
áëîêèðóåò ñîçðåâàíèå ÀÏÊ è ñìåùàåò èõ äèôôåðåíöèðîâ-
êó â íàïðàâëåíèè ðåãóëÿòîðíûõ ÀÏÊ [64]. Ïðè ýòîì, íåñìîòðÿ
íà ýêñïðåññèþ èíòåðëåéêèíà�1β (ÈË-1β) è êîñòèìóëÿòîð-
íîé ìîëåêóëû CD86, â ÀÏÊ ñíèæàåòñÿ óðîâåíü ýêñïðåññèè
ïðîâîñïàëèòåëüíûõ ôàêòîðîâ ÈË-12, TNFα è âîçðàñòàåò
ýêñïðåññèÿ ïðîòèâîâîñïàëèòåëüíîãî öèòîêèíà ÈË-10 [65].
Ãèïîòåòè÷åñêè, ìåäèàòîðîì ýòèõ èçìåíåíèé ÀÏÊ ìîæåò ñëóæèòü
óïîìÿíóòûé âûøå ôàêòîð TGFβ, ñåêðåòèðóåìûé ÌÑÊ [53].

Ãèïîòåçà î òîì, ÷òî ÌÑÊ îêàçûâàþò èììóíîìîäóëèðóþ-
ùèé ýôôåêò ÷åðåç èíäóêöèþ ðåãóëÿòîðíûõ ÀÏÊ, ïîçâîëÿåò
ñâÿçàòü ñëåäóþùèå ëàáîðàòîðíûå è êëèíè÷åñêèå äàííûå.
Ñ îäíîé ñòîðîíû, ðåãóëÿòîðíûå ÀÏÊ â ýêñïåðèìåíòå ñïîñîá-
íû çàùèùàòü ìûøåé îò îñòðîé ÐÒÏÕ [66]. Ñ äðóãîé ñòîðîíû,
ÌÑÊ ÷åëîâåêà áûëè óñïåøíî èñïîëüçîâàíû ó ïàöèåíòîâ ñ
ëåéêåìèåé äëÿ ëå÷åíèÿ îñòðîé ÐÒÏÕ â ðåçóëüòàòå ïåðåñàä-
êè êîñòíîãî ìîçãà [35].

ÐÒÏÕ âêëþ÷àåò â ñåáÿ ðÿä ïàòîôèçèîëîãè÷åñêèõ ìåõà-
íèçìîâ, ïðèâîäÿùèõ ê ïîâðåæäåíèþ òêàíåé îðãàíèçìà-ðå-

öèïèåíòà: óâåëè÷åíèå ñåêðåöèè ïðîâîñïàëèòåëüíûõ öèòî-
êèíîâ (TNFα, IFNγ, ÈË-1, ÈË-2, ÈË-12), àêòèâàöèþ ÄÊ è
ìàêðîôàãîâ, NK-êëåòîê è öèòîòîêñè÷åñêèõ ëèìôîöèòîâ.
Èíãèáèðîâàíèå ïðîâîñïàëèòåëüíûõ öèòîêèíîâ âåäåò ê
óìåíüøåíèþ òÿæåñòè è ðèñêà âîçíèêíîâåíèÿ ÐÒÏÕ [53].

Â ðåçóëüòàòå âçàèìîäåéñòâèÿ ÌÑÊ ñ êëåòêàìè èììóí-
íîé ñèñòåìû ìåíÿåòñÿ ïðîôèëü öèòîêèíîâîé ñåêðåöèè. Ïîä
âîçäåéñòâèåì ÌÑÊ óìåíüøàåòñÿ ñåêðåöèÿ TNFα äåíäðèò-
íûìè êëåòêàìè 1 òèïà, è óâåëè÷èâàåòñÿ óðîâåíü ñåêðåöèè
ÈË-10 äåíäðèòíûìè êëåòêàìè 2 òèïà; òàêæå óìåíüøàåòñÿ
ñåêðåöèÿ IFNγ T-êëåòêàìè è íàòóðàëüíûìè êèëëåðàìè, è óâå-
ëè÷èâàåòñÿ óðîâåíü ñåêðåöèè ÈË-4 [53].

ÌÑÊ è Â-êëåòêè
Êðîìå âçàèìîäåéñòâèÿ ñ Ò-ëèìôîöèòàìè è NK-êëåòêà-

ìè è ÀÏÊ, ÌÑÊ âëèÿþò íà Â-êëåòî÷íûé èììóííûé îòâåò, îã-
ðàíè÷èâàÿ ïðîëèôåðàöèþ, äèôôåðåíöèðîâêó è õåìîòàêñèñ
Â-ëèìôîöèòîâ. Âîçìîæíûå ìåõàíèçìû ìîãóò áûòü ñâÿçà-
íû ñ îãðàíè÷åíèåì ýêñïðåññèè Â-êëåòêàìè õåìîêèíîâûõ
ðåöåïòîðîâ (CXCR4, CXCR5, CCR7). CXCR4 âîâëå÷åí â ðàí-
íèé Â-êëåòî÷íûé ëèìôîïîýç, à òàêæå ñïîñîáñòâóåò àäãå-
çèè Â-êëåòîê ê ýíäîòåëèþ âåíóë ëèìôàòè÷åñêèõ óçëîâ.
CXCR5 ïðèâëåêàåò àíòèãåí-àêòèâèðîâàííûå Â-êëåòêè â
ãåðìèíàòèâíûå öåíòðû è ñïîñîáñòâóåò ïðîíèêíîâåíèþ Â-
ëèìôîöèòîâ â ïåéåðîâû áëÿøêè. CCR7 ñîâìåñòíî ñ CXCR4
ñïîñîáñòâóåò àäãåçèè Â-êëåòîê ê ýíäîòåëèþ âåíóë ëèìôà-
òè÷åñêèõ óçëîâ è äâèæåíèþ Â-êëåòîê ïàìÿòè âî âòîðè÷íûå
ëèìôîèäíûå îðãàíû [67].

Òàêèì îáðàçîì, ÌÑÊ îêàçûâàþò îáùåå ñóïðåññèðóþùåå
âîçäåéñòâèå íà èììóííóþ ñèñòåìó ðåöèïèåíòà (ñì. ðèñ. 1).
Ýôôåêòèâíîñòü ñèñòåìíîãî ïðèìåíåíèÿ àëëîãåíûõ è êñåíî-
ãåííûõ ÌÑÊ ïðîäåìîíñòðèðîâàíà íà èììóíîêîìïåòåíòíûõ
æèâîòíûõ è â åäèíè÷íûõ êëèíè÷åñêèõ ñëó÷àÿõ. Ex vivo-ïîäãî-
òîâëåííûå êëåòêè ìîãóò áûòü èñïîëüçîâàíû â êëèíè÷åñêèõ
ñèòóàöèÿõ, êîãäà ñóùåñòâóåò ðèñê íåäîñòàòî÷íîãî ïðèæèâëåíèÿ
òðàíñïëàíòàòà (íåïîäõîäÿùèå ïî HLA ðîäñòâåííûå äîíîðû,
ïîäõîäÿùèå íåðîäñòâåííûå äîíîðû), äëÿ ïðåäîòâðàùåíèÿ èëè
óìåíüøåíèÿ òÿæåñòè ÐÒÏÕ, äëÿ îáëåã÷åíèÿ ïðèæèâëåíèÿ è
ñòèìóëÿöèè ïðîëèôåðàöèè ãåìîïîýòè÷åñêèõ ïðåäøåñòâåííè-
êîâ. Íà íàñòîÿùèé ìîìåíò ìåõàíèçì âûÿâëåííîãî ñóïðåññèðó-
þùåãî ýôôåêòà äî êîíöà íå ÿñåí. Âåðîÿòíî, îí ðåàëèçóåòñÿ
êîìïëåêñíî ÷åðåç ïàðàêðèííûå ñâîéñòâà ÌÑÊ è ïðÿìîå âçà-
èìîäåéñòâèå ÌÑÊ ñ êëåòêàìè èììóííîé ñèñòåìû ðåöèïèåí-
òà. Âàæíî îòìåòèòü, ÷òî ÌÑÊ íå ïðåïÿòñòâóþò ñòîëü âàæíîìó
êîìïîíåíòó àëëîãåííîé òðàíñïëàíòàöèè êàê ðåàêöèÿ äîíîð-
ñêèõ êëåòîê ïðîòèâ îïóõîëè [68].

Ïåðñïåêòèâû ïðèìåíåíèÿ ÌÑÊ
Ôåíîìåí ñóïðåññèè èììóííîé ñèñòåìû ðåöèïèåíòà ìî-

æåò íàéòè ïðèìåíåíèå íå òîëüêî ïðè àëëîãåííîé òðàíñïëàí-
òàöèè êîñòíîãî ìîçãà, íî è ïðè àóòîèììóííûõ çàáîëåâàíèÿõ,
òàêèõ êàê ñèñòåìíàÿ êðàñíàÿ âîë÷àíêà è ðàññåÿííûé ñêëå-
ðîç. Ñõîæèå ìåõàíèçìû òå÷åíèÿ ýòèõ ïàòîëîãèé è ÐÒÏÕ
ïîçâîëÿþò ïðåäïîëîæèòü, ÷òî òðàíñïëàíòàöèÿ àëëîãåííûõ
èëè êñåíîãåííûõ ÌÑÊ ìîæåò ïîçâîëèòü ñíèçèòü äèíàìèêó
ðàçâèòèÿ çàáîëåâàíèÿ.

Äëÿ ñðàâíåíèÿ èììóíîìîäóëèðóþùåãî äåéñòâèÿ ÌÑÊ è
ÃÑÊ ïåðåä òðàíñïëàíòàöèåé èç îáðàçöà êîñòíîãî ìîçãà óäà-
ëèëè âñå êëåòî÷íûå ýëåìåíòû, ñïîñîáíûå ê àäãåçèè. Â ýòîì
ñëó÷àå ñìåðòíîñòü ëàáîðàòîðíûõ æèâîòíûõ â òå÷åíèå 90
äíåé ïîñëå òðàíñïëàíòàöèè ñîñòàâèëà 75%, òîãäà êàê èñ-
ïîëüçîâàíèå ñî÷åòàíèÿ îáåäíåííîãî êîñòíîãî ìîçãà è ïî-
ïóëÿöèè êëåòîê, ñïîñîáíûõ ê àäãåçèè, ïîçâîëÿëî ìûøàì
âûæèâàòü, ïî ìåíüøåé ìåðå, â òå÷åíèå 48 íåäåëü è îêàçû-
âàëî ëå÷åáíûé ýôôåêò íà àóòîèììóííûå çàáîëåâàíèÿ. Ó ìû-
øåé äàííîé ãðóïïû, â îòëè÷èå îò æèâîòíûõ ñ òðàíñïëàíòà-
öèåé òîëüêî ÃÑÊ, èììóíîãèñòîõèìè÷åñêîå èññëåäîâàíèå
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ïîêàçàëî îòñóòñòâèå ëèìôàäåíîïàòèè è òàêèõ ïðîÿâëåíèé
àóòîèììóííûõ çàáîëåâàíèé, êàê ïðîëèôåðàöèÿ ìåçàíãèÿ
ïî÷å÷íûõ êëóáî÷êîâ ñ îòëîæåíèåì äåïîçèòîâ IgG è ëèìôî-
öèòàðíàÿ èíôèëüòðàöèÿ òêàíåé ñóñòàâîâ ñ ôîðìèðîâàíèåì
ïàííóñà. Ñåðîëîãè÷åñêîå èññëåäîâàíèå ïîêàçàëî íîðìàëü-
íûé óðîâåíü öèðêóëèðóþùèõ èììóííûõ êîìïëåêñîâ è ðåâ-
ìàòîèäíîãî ôàêòîðà â ñûâîðîòêå êðîâè [69].

Àóòîèììóííûì çàáîëåâàíèåì, ïàòîãåíåç êîòîðîãî ñâÿçàí
ñ Ò-êëåòî÷íûì çâåíîì èììóíèòåòà, ÿâëÿåòñÿ ðàññåÿííûé
ñêëåðîç (ÐÑ). Ñ÷èòàåòñÿ, ÷òî ìîäåëüþ ÐÑ ó ìûøåé ÿâëÿåòñÿ
àóòîèììóííûé ýíöåôàëîìèåëèò, âûçâàííûé ýíöåôàëîãåííûì
ïåïòèäîì MOG35-55 (myelin oligodendrocyte glycoprotein).
Ïðè ââåäåíèè ìûøàì MOG35-55 ó æèâîòíûõ ðàçâèâàåòñÿ
òèïè÷íàÿ íåâðîëîãè÷åñêàÿ ñèìïòîìàòèêà, õàðàêòåðíàÿ äëÿ
ÐÑ. Ïðè ãèñòîëîãè÷åñêîì èññëåäîâàíèè íàáëþäàþòñÿ ïåðè-
âàñêóëÿðíûå âîñïàëèòåëüíûå èíôèëüòðàòû â ñóáàðàõíîè-
äàëüíîì ïðîñòðàíñòâå, î÷àãè äåìèåëèíèçàöèè â ñïèííîì è
ãîëîâíîì ìîçãå, à òàêæå êëåòî÷íûå èíôèëüòðàòû, ïðåäñòàâ-
ëåííûå Ò-ëèìôîöèòàìè è ìàêðîôàãàìè â ïàðåíõèìå ÖÍÑ.
Ýôôåêòèâíîñòü ïðèìåíåíèÿ ÌÑÊ ó ìûøåé ñ àóòîèììóííûì
ýíöåôàëîìèåëèòîì ïðîäåìîíñòðèðîâàíà â îäíîé èç ýêñïå-
ðèìåíòàëüíûõ ðàáîò [70]. Â ýòîì èññëåäîâàíèè áûëî ïðîäå-
ìîíñòðèðîâàíî, ÷òî âíóòðèâåííîå ââåäåíèå ÌÑÊ â îñòðîì
ïåðèîäå çàáîëåâàíèÿ óìåíüøàëî òÿæåñòü íåâðîëîãè÷åñêèõ
ïðîÿâëåíèé. Ãèñòîëîãè÷åñêàÿ îöåíêà âûÿâèëà ÷òî êëèíè÷åñ-
êèé ýôôåêò ñîïðîâîæäàëñÿ óìåíüøåíèåì î÷àãîâ äåìèåëè-
íèçàöèè è âîñïàëèòåëüíûõ èíôèëüòðàòîâ â íåðâíîé òêàíè.
Àíàëèç ëîêàëèçàöèè äîíîðñêèõ ÌÑÊ ïîêàçàë èõ ìèãðàöèþ
ïðåèìóùåñòâåííî â ñåëåçåíêó è ëèìôàòè÷åñêèå óçëû. Â òî
æå âðåìÿ, èñïîëüçîâàíèå ÌÑÊ â ïåðèîäå õðîíèçàöèè çàáî-
ëåâàíèÿ íå ïðèâåëî ê ÿâíûì êëèíè÷åñêèì è ãèñòîëîãè÷åñêèì
èçìåíåíèÿì. Òàê êàê ïðèìåíåíèå ÌÑÊ â ðàííåé âîñïàëè-
òåëüíîé ôàçå îêàçûâàëî ÿâíûé òîðìîçÿùèé ýôôåêò íà ðàç-
âèòèå çàáîëåâàíèÿ, àâòîðû ïðåäïîëîæèëè, ÷òî ëå÷åáíîå
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äåéñòâèå ÌÑÊ ìîãëî áûòü îïîñðåäîâàíî èõ âçàèìîäåéñòâè-
åì ñ ïîïóëÿöèåé ýôôåêòîðíûõ Ò-ëèìôîöèòîâ [70, 71].

ÌÑÊ ìîãóò îêàçûâàòü ëå÷åáíîå âîçäåéñòâèå è íà ïî-
ñëåäñòâèÿ àóòîèììóííûõ çàáîëåâàíèé. Íà ìûøèíîé ìîäå-
ëè îñòðîé àóòîèììóííîé êàðäèîìèîïàòèè áûëî ïîêàçàíî, ÷òî
òðàíñïëàíòàöèÿ ÌÑÊ â ìèîêàðä æèâîòíûõ, ïåðåíåñøèõ ïà-
òîëîãèþ, ïðèâîäèò ê ñíèæåíèþ ðàçâèòèÿ äèëàòàöèè ñåðäöà,
òîðìîçèò ðàçâèòèå ôèáðîçà ìèîêàðäà è ïðèâîäèò ê ñîõðà-
íåíèþ ôóíêöèîíàëüíûõ ïàðàìåòðîâ ñåðäöà [72].

Èòàê, â íàñòîÿùåå âðåìÿ øèðîêî îáñóæäàåòñÿ âîïðîñ
î êëèíè÷åñêîì èñïîëüçîâàíèè ÌÑÊ â ãåìàòîëîãèè, ïðè
àóòîèììóííûõ çàáîëåâàíèÿõ è ïðè òðàíñïëàíòàöèè îðãà-
íîâ, îñíîâàííûé íà ñïîñîáíîñòè äàííûõ êëåòîê ïîäàâëÿòü
èììóíîðåàêòèâíîñòü [39, 71, 73]. Ïðè àíàëèçå äàííûõ î
ïîçèòèâíîé ðîëè ÌÑÊ â êóïèðîâàíèè èììóíîïàòîëîãè÷åñ-
êèõ ïðîöåññîâ âîçíèêàåò âîïðîñ, ïî÷åìó ñîáñòâåííûå
ÌÑÊ îðãàíèçìà íå ñïîñîáíû ñ íèìè ñïðàâèòüñÿ. Îáúÿñ-
íåíèé ìîæåò áûòü íåñêîëüêî: íåñïîñîáíîñòü àóòîãåííûõ
ÌÑÊ ðåöèðêóëèðîâàòü â î÷àã èììóíîïàòîëîãè÷åñêîãî
ïðîöåññà; íåñïîñîáíîñòü àóòîãåííûõ ÌÑÊ ïîäàâëÿòü
àóòîèììóííûå ïðîöåññû; íàðóøåíèå ñâîéñòâ àóòîëîãè÷-
íûõ ÌÑÊ ïðè äàííûõ çàáîëåâàíèÿõ. Â íàñòîÿùåå âðåìÿ
ïîäòâåðæäåíî ïîñëåäíåå ïðåäïîëîæåíèå. Áûëî îáíàðó-
æåíî, ÷òî ó áîëüíûõ ñ äèàãíîçîì «àïëàñòè÷åñêàÿ àíåìèÿ»
ÌÑÊ íå ñïîñîáíû ïîäàâëÿòü ïðîëèôåðàöèþ è ñåêðåöèþ
öèòîêèíîâ Ò-êëåòêàìè, ÷òî èìååò êëþ÷åâîå çíà÷åíèå â ïà-
òîãåíåçå äàííîãî çàáîëåâàíèÿ [74]. Ñëåäóåò çàìåòèòü, ÷òî
ìåõàíèçìû âëèÿíèÿ äîíîðñêèõ ÌÑÊ íà êëåòêè èììóííîé
ñèñòåìû ðåöèïèåíòà, à òàêæå âçàèìîäåéñòâèÿ äîíîðñêèõ
ÌÑÊ è ÌÑÊ ðåöèïèåíòà â íàñòîÿùåå âðåìÿ íåäîñòàòî÷íî
ïîíÿòíû è òðåáóþò äàëüíåéøåãî èçó÷åíèÿ, òàê æå, êàê è
îöåíêà âîçìîæíîãî ðèñêà (îíêîëîãè÷åñêèå çàáîëåâàíèÿ,
âèðóñíûå èíôåêöèè) ïðè èñïîëüçîâàíèè ÌÑÊ â òåðàïåâ-
òè÷åñêîé ïðàêòèêå.

14. Azizi S.A., Stokes D., Augelli B.J. et al. Engraftment and migration of human
bone marrow stromal cells implanted in the brains of albino rats: similarities to
astrocyte grafts. Proc. Natl. Acad. Sci. USA 1998; 95: 3908-14.

15. Jin H.K., Carter J.E., Huntley G.W. et al. Intracerebral transplantation of
mesenchymal stem cells into acid sphingomyelinase-deficient mice delays the
onset of eurological abnormalities and extends their life span. J. Clin. Invest. 2002;
109: 1183-91.

16. Horwitz E.M., Gordon P.L., Koo W.K. et al. Isolated allogeneic bone
marrow-derived mesenchymal cells engraft and stimulate growth in children with
osteogenesis imperfecta: Implications for cell therapy of bone. Proc. Natl. Acad.
Sci. USA 2002; 99: 8932-7.

17. Makkar R.R., Price M.J., Lill M. et al. Intramyocardial injection of allogenic
bone marrow-derived mesenchymal stem cells without immunosuppression
preserves cardiac function in a porcine model of myocardial infarction. J.
Cardiovasc. Pharmacol. Ther. 2005; 10(4): 225-33.

18. Dai W., Hale S.L., Martin B.J. et al. Allogeneic mesenchymal stem cell
transplantation in postinfarcted rat myocardium: short- and long-term effects.
Circulation 2005; 112(2): 214-23.

19. Kraitchman D.L., Tatsumi M., Gilson W.D. et al. Dynamic imaging of
allogeneic mesenchymal stem cells trafficking to myocardial infarction. Circulation
2005; 112(10): 1451-61.

20. Horwitz E.M., Prockop D.J., Fitzpatrick L.A. et al. Transplantability and
therapeutic effects of bone marrow-derived mesenchymal cells in children with
osteogenesis imperfecta. Nat. Med. 1999; 5(3): 309-13.

21. Horwitz E.M., Gordon P.L., Koo W.K. et al. Isolated allogeneic bone
marrow-derived mesenchymal cells engraft and stimulate growth in children with
osteogenesis imperfecta: implications for cell therapy of bone. Proc. Natl. Acad.
Sci. USA 2002; 99: 8932-7.

22. Horwitz E.M. Marrow mesenchymal cell transplantation for genetic
disorders of bone. Cytotherapy 2001; 3(5): 399-401.

23. Le Blanc K., Gotherstrom C., Ringden O. et al. Fetal mesenchymal stem-
cell engraftment in bone after in utero transplantation in a patient with severe
osteogenesis imperfecta. Transplant. 2005; 79(11): 1607-14.

24. Koc O.N., Day J., Nieder M. et al. Allogeneic mesenchymal stem cell
infusion for treatment of metachromatic leukodystrophy (MLD) and Hurler
syndrome (MPS-IH). Bone Marrow Transplant. 2002; 30: 215-22.

25. Fouillard L., Bensidhoum M., Bories D. et al. Engraftment of allogeneic
mesenchymal stem cells in the bone marrow of a patient with severe idiopathic
aplastic anemia improves stroma. Leukemia 2003; 17: 474-6.



Îáçîðû 41

Êëåòî÷íàÿ òðàíñïëàíòîëîãèÿ è òêàíåâàÿ èíæåíåðèÿ  ¹ 3 (5), 2006

26. Saito T., Kuang J.Q., Bi.ttira B. et al. Xenotransplant cardiac chimera:
immune tolerance of adult stem cells. Ann. Thorac. Surg. 2002; 74: 19-24.

27. Silverstein A.M., Prendergast R.A., Kraner K.L. Fetal response to
antigenic stimulus IV. Rejection of skin homografts by the fetal lamb. J. Exp. Med.
1964; 119: 955-64

28. Liechty K.W., MacKenzie T.C., Shaaban A.F. et al. Human mesenchymal
stem cells engraft and demonstrate site-specific differentiation after in utero
transplantation in sheep. Nat. Med. 2000; 11: 1282-6.

29. Di Nicola M., Carlo-Stella C., Magni M. et al. Human bone marrow stromal
cells suppress T-lymphocyte proliferation induced by cellular or nonspecific
mitogenic stimuli. Blood 2002; 99: 3838-43.

30. Majumdar M.K., Keane-Moore M., Buyaner D. et al. Characterization
and functionality of cells surface molecules on human mesenchymal stem cell. J.
Biomed. Sci. 2003; 10: 228-41.

31. Le Blanc K., Tammik C., Rosendahl K. et al. HLA expression and
immunologic properties of differentiated and undifferentiated mesenchymal stem
cells. Exp. Hematol. 2003; 31: 890-6.

32. Tse W.T., Pendleton J.D., Beyer W.M. et al. Suppression of allogeneic
T-cell proliferation by human marrow stromal cells: implications in transplantation.
Transplant. 2003; 75: 389-97.

33. Li Y., Hisha H., Inaba M. et al. Evidence for migration of donor bone marrow
stromal cells into recipient thymus after bone marrow transplantation plus bone
grafts: A role of stromal cells in positive selection. Exp. Hematol. 2000; 28(8):
950-60.

34. Frassoni F.L.M., Bacigalupo A., Gluckman E. Expanded mesenchymal stem
cells (MSC), coinfused with HLA identical hemopoietic stem cell transplants, reduce
acute and chronic graft versus host disease: a matched pair analysis [abstract].
Bone Marrow Transplant. 2002; 29: 75.

35. Le Blanc K., Rasmusson I., Sundberg B. et al. Treatment of severe acute
graft-versus-host disease with third party haploidentical mesenchymal stem cells.
Lancet 2004; 363: 1439-41.

36. Le Blanc K., Ringden O. Use of mesenchymal stem cells for the prevention
of immune complications of hematopoietic stem cell transplantation.
Haematologica 2005; 90(4): 438a.

37. Lee S.T., Jang J.H., Cheong J.W. et al. Treatment of high-risk acute
myelogenous leukaemia by myeloablative chemoradiotherapy followed by co-
infusion of T cell-depleted haematopoietic stem cells and culture-expanded
marrow mesenchymal stem cells from a related donor with one fully mismatched
human leucocyte antigen haplotype. Br. J. Haematol. 2002; 118: 1128-31.

38. Lazarus H.M., Koc O.N., Devine S.M. et al. Cotransplantation of
HLA-identical sibling culture-expanded mesenchymal stem cells and
hematopoietic stem cells in hematologic malignancy patients. Biol. Blood Marrow
Transplant. 2005; 11(5): 389-98.

39. Chiu R.C. Xenogeneic cell transplant: fact or fancy? Int. J. Cardiol. 2004;
95 Suppl 1: S43-44.

40. Krampera M., Glennie S., Dyson J. et al. Bone marrow mesenchymal stem
cells inhibit the response of naive and memory antigen-specific T cells to their
cognate peptide. Blood 2003; 101: 3722-9.

41. Djouad F., Plence P., Bony C. et al. Immunosuppressive effect of
mesenchymal stem cells favors tumor growth in allogeneic animals. Blood 2003;
102: 3837-44.

42. Le Blanc K., Tammik C., Rosendahl K. et al. HLA expression and
immunologic properties of differentiated and undifferentiated mesenchymal stem
cells. Exp. Hematol. 2003; 31: 890-6.

43. Tse W.T., Pendleton J.D., Beyer W.M. et al. Suppression of allogeneic
T-cell proliferation by human marrow stromal cells: implications in transplantation.
Transplant. 2003; 75: 389-97.

44. Bartholomew A., Sturgeon C., Siatskas M. et al. Mesenchymal stem cells
suppress lymphocyte proliferation in vitro and prolong skin graft survival in vivo.
Exp. Hematol. 2002; 30: 42-8.

45. Plumas J., Chaperot L., Richard M.-J. et al. Mesenchimal stem cells
induce apoptosis of activated T-cells. Leukemia 2005; 1-8.

46. Li C.D., Zhang W.Y., Li H.L. et al. Mesenchymal stem cells derived from
human placenta suppress allogeneic umbilical cord blood lymphocyte proliferation.
Cell Res. 2005; 15(7): 539-47.

47. Pierdomenico L., Bonsi L., Calvitti M. et al. Multipotent mesenchymal stem
cells with immunosuppressive activity can be easily isolated from dental pulp.
Transplant. 2005; 80(6): 836-42.

48. Klyushnenkova E., Mosca J.D., Zernetkina V. et al. T cell responses to
allogeneic human mesenchymal stem cells: immunogenicity, tolerance, and
suppression. J. Biomed. Sci.. 2005; 12(1): 47-57.

49. Groh M.E., Maitra B., Szekely E. et al. Human mesenchymal stem cells
require monocyte-mediated activation to suppress alloreactive T cells. Exp.
Hematol. 2005; 33(8): 928-34.

50. Glennie S., Soeiro I., Dyson P.J. et al. Bone marrow mesenchymal stem cells
induce division arrest anergy of activated T cells. Blood 2005; 105(7): 2821-7.

51. Hu X., Zuckerman K.S. Cell cycle and transcriptional control of human
myeloid leukemic cells by transforming growth factor beta. Leuk. Lymphoma.
2000; 38(3-4): 235-46.

52. Augello A., Tasso R., Negrini S.M. et al. Bone marrow mesenchymal
progenitor cells inhibit lymphocyte proliferation by activation of the programmed
death 1 pathway. Eur. J. Immunol. 2005; 35(5):1482-90.

53. Aggarwal S., Pittinger M.F. Human mesenchymal stem cells modulate
allogeneic immune cell responses. Blood 2005; 105(4): 1815-22.

54. Rasmusson I., Ringden O., Sundberg B. et al. Mesenchimal stem cells
inhibit lymphocyte proliferation by mitogens and alloantgens by different
mechanisms. Experimental Cell Res. 2005; 305: 33-41.

55. Plumas J., Chaperot L., Richard M.-J. et al. Mesenchimal stem cells
induce apoptosis of activated T-cells. Leukemia 2005;1-8.

56. Fallarino F., Grohmann U., Vacca C. et al. T cell apoptosis by tryptophan
catabolism. Cell Death Differ. 2002; 9: 1069-77.

57. Maccario R., Podesta M., Moretta A. et al. Interaction of human
mesenchymal stem cells with cells involved in alloantigen-specific immune
response favors the differentiation of CD4+ T-cell subsets expressing a
regulatory/suppressive phenotype. Haematologica 2005; 90(4): 516-25.

58. Sotiropoulou P.A., Perez S.A., Gritzapis A.D. et al. Interactions between human
mesenchymal stem cells and natural killer cells. Stem Cells 2006; 24(1): 74-85.

59. Spaggiari G.M., Capobianco A., Becchetti S. et al. Mesenchymal stem
cell-natural killer cell interactions: evidence that activated NK cells are capable
of killing MSCs, whereas MSCs can inhibit IL-2-induced NK-cell proliferation.
Blood 2006; 107(4): 1484-90.

60. Baxevanis C.N., Reclos G.J., Gritzapis A.D. et al. Elevated prostaglandin
E2 production by monocytes is responsible for the depressed levels of natural
killer and lymphokine-activated killer cell function in patients with breast cancer.
Cancer 1993; 72: 491-501.

61. Joshi P.C., Zhou X., Cuchens M. et al. Prostaglandin E2 suppressed
IL-15- mediated human NK cell function through down-regulation of common
g-chain. J. Immunol. 2001; 166: 885-91.

62. Bellone G., Aste-Amezaga M., Trinchieri G. et al. Regulation of NK cell
functions by TGF-b1. J. Immunol. 1995; 155: 1066-73.

63. Rasmusson I., Ringden O., Sundberg B. et al. Mesenchymal stem cells
inhibit the formation of cytotoxic T lymphocytes, but not activated cytotoxic T
lymphocytes or natural killer cells. Transplant. 2003; 76(8): 1208-13.

64. Jiang X.X., Zhang Y., Liu B. et al. Human mesenchymal stem cells inhibit
differentiation and function of monocyte-derived dendritic cells. Blood 2005;
105(10): 4120-6.

65. Beyth S., Borovsky Z., Mevorach D. et al. Human mesenchymal stem cells
alter antigen-presenting cell maturation and induce T-cell unresponsiveness.
Blood 2005; 105(5): 2214-9.

66. Sato K., Yamashita N., Baba M. et al. Regulatory dendritic cells protect
mice from murine acute graft-versus-host disease and leukemia relapse.
Immunity. 2003; 18: 367-79.

67. Corcione A., Benvenuto F., Ferretti E. et al. Human mesenchymal stem
cells modulate B-cell functions. Blood 2006; 107(1): 367-72.

68. Hu W.B., Gao Q.P., Chen Y.H. Effect of bone marrow mesenchymal stem
cells on acute graft versus host disease and graft versus leukemia after allogeneic
bone marrow transplantation Zhongguo Shi Yan Xue Ye Xue Za Zhi. 2005; 13(3):
404-7.

69. Ishida T., Inaba M., Hisha H. et al. Requirement of donor-derived stromal
cells in the bone marrow for successful allogeneic bone marrow transplantation.
Complete prevention of recurrence of autoimmune diseases in MRL/MP-Ipr/
Ipr mice by transplantation of bone marrow plus bones (stromal cells) from the
same donor. J. Immunol. 1994; 152: 3119-27.

70. Zappia E., Casazza S., Pedemonte E. et al. Mesenchymal stem cells
ameliorate experimental autoimmune encephalomyelitis inducing T-cell anergy.
Blood 2005; 106: 1755-61.

71. Uccelli A., Zappia E., Benvenuto F. et al. Stem cells in inflammatory
demyelinating disorders: a dual role for immunosuppression and neuroprotection.
Expert. Opin. Biol. Ther. 2006; 6(1): 17-22.

72. Nagaya N., Kangawa K., Itoh T. et al. Transplantation of mesenchymal
stem cells improves cardiac function in a rat model of dilated cardiomyopathy.
Circulation 2005; 112(8): 1128-35.

73. Wang J.W., Liu Y.B., Xu B. et al. The study on immunomodulation of donor
mesenchymal stem cells on discordant liver xenotransplantation. Zhonghua Wai
Ke Za Zhi. 2005; 43(19): 1254-8.

74. Bacigalupo A., Valle M., Podesta M. et al. T-cell suppression mediated by
mesenchymal stem cells is deficient in patients with severe aplastic anemia. Exp.
Hematol. 2005; 33(7): 819-27.


