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Ïîêàçàíî, ÷òî ñòâîëîâûå êðîâåòâîðíûå êëåòêè (ÑÊÊ)
ó÷àñòâóþò â ôèçèîëîãè÷åñêîé è ðåïàðàòèâíîé ðåãåíåðàöèè
íåãåìàòîïîýòè÷åñêèõ òêàíåé è îðãàíîâ ïîñðåäñòâîì òðàíñ-
äèôôåðåíöèðîâêè è/èëè êëåòî÷íîãî ñëèÿíèÿ. Â ñâÿçè ñ ýòèì
ïðåäñòàâëÿåòñÿ èíòåðåñíûì îöåíèòü êèíåòèêó ÑÊÊ êîñòíî-
ãî ìîçãà ïðè òÿæåëîé òðàâìå . Â èññëåäîâàíèè èñïîëüçîâà-
ëè òðè ýêñïåðèìåíòàëüíûå ìîäåëè: òðàâìèðîâàíèå ìûøåé
ñ ïîñëåäóþùèì íåðàâíîìåðíûì îáëó÷åíèåì â ëåòàëüíûõ
äîçàõ ñ ýêðàíèðîâàíèåì 1/2 ãîëåíè (À), îáëó÷åíèå ìûøåé
â ëåòàëüíûõ äîçàõ ñ ïîñëåäóþùåé òðàíñïëàíòàöèåé êëåòîê
êîñòíîãî ìîçãà îò òðàâìèðîâàííûõ ìûøåé (Á), òðàâìèðî-
âàíèå ìûøåé ñ ïîñëåäóþùèì îáëó÷åíèåì â ñóáëåòàëüíûõ
äîçàõ (Â). Ìèãðàöèþ ÑÊÊ îöåíèâàëè ïóòåì ðåãèñòðàöèè êðî-
âåòâîðíûõ êîëîíèé, âûðàñòàþùèõ íà ñåëåçåíêå îáëó÷åííûõ
ìûøåé èç ýíäî- èëè ýêçîãåííûõ ÑÊÊ. Â ýêñïåðèìåíòàëüíûõ
ìîäåëÿõ À è Â ïîêàçàíî, ÷òî â ñåëåçåíêàõ òðàâìèðîâàííûõ
ìûøåé ôîðìèðóåòñÿ äîñòîâåðíî áîëüøåå êîëè÷åñòâî ýíäî-
êîëîíèé â ñðàâíåíèè ñ ìûøàìè ãðóïï êîíòðîëÿ. Â ýêñïåðè-
ìåíòàëüíîé ìîäåëè Á ïîêàçàíî, ÷òî êîñòíûé ìîçã òðàâìèðî-
âàííûõ ìûøåé ñîäåðæèò äîñòîâåðíî ìåíüøåå êîëè÷åñòâî
ñïîñîáíûõ ê ìèãðàöèè ÑÊÊ. Íà îñíîâàíèè ïîëó÷åííûõ ðå-
çóëüòàòîâ ñäåëàí âûâîä, ÷òî òÿæåëàÿ ïîëèòðàâìà èíäóöèðóåò
ìèãðàöèþ ÑÊÊ ó ìûøåé.

Êëþ÷åâûå ñëîâà: òÿæåëàÿ ïîëèòðàâìà, ìèåëîèäíûå
ñòâîëîâûå êðîâåòâîðíûå êëåòêè, ìèãðàöèÿ.

Ââåäåíèå
Òÿæåëàÿ ïîëèòðàâìà ñ ïîâðåæäåíèÿìè ãîëîâíîãî ìîçãà,

ëåãêèõ, ïå÷åíè, ïî÷åê, êèøå÷íèêà, êîæè, èç-çà ïðÿìîãî èëè
îïîñðåäîâàííîãî èøåìèåé âîçäåéñòâèÿ ïðèâîäèò ê àêòèâè-
çàöèè ðåïàðàòèâíûõ ïðîöåññîâ. Èçó÷åíèå ðîëè ðàçíûõ âè-
äîâ ñòâîëîâûõ êëåòîê â ýòèõ ïðîöåññàõ ïðåäñòàâëÿåò ñîáîé
çíà÷èòåëüíûé èíòåðåñ â ñâÿçè ñ íåäàâíèì îòêðûòèåì ôå-
íîìåíîâ òðàíñäèôôåðåíöèðîâêè è êëåòî÷íîãî ñëèÿíèÿ.

Ðàíåå îáíàðóæåíî, ÷òî ñòâîëîâûå êðîâåòâîðíûå êëåòêè
(ÑÊÊ) ñïîñîáíû in toto äèôôåðåíöèðîâàòüñÿ â êëåòêè ðàç-
ëè÷íîé ëèíåéíîé ïðèíàäëåæíîñòè, â ÷àñòíîñòè, ãåïàòîöèòû,
íåéðîíû è êàðäèîìèîöèòû [1, 2]. Òåì íå ìåíåå, áîëåå òùà-
òåëüíî ñïëàíèðîâàííûå èññëåäîâàíèÿ in vivo ïîêàçàëè, ÷òî
òàê íàçûâàåìàÿ òðàñäèôôåðåíöèðîâêà ÑÊÊ ÿâëÿåòñÿ ÷ðåç-
âû÷àéíî ðåäêèì ñîáûòèåì, åñëè âîîáùå èìååò ìåñòî [3, 4].
Êðîìå òîãî, ÑÊÊ ìîãóò ñëèâàòüñÿ ñ ñîìàòè÷åñêèìè êëåòêàìè,
è òàêèå ãèáðèäû íåñóò ìàðêåðû îáîèõ «ðîäèòåëüñêèõ» êëåòîê
[5]. Íåñìîòðÿ íà òî, ÷òî òðàíñäèôôåðåíöèðîâêà ÑÊÊ îñòà-
åòñÿ ïðåäìåòîì äèñêóññèé, ìíîãèå èññëåäîâàòåëè ñ÷èòàþò,
÷òî ÑÊÊ ìîãóò èãðàòü çíà÷èòåëüíóþ ðîëü â ðåïàðàòèâíûõ
ïðîöåññàõ. Ïðèäàåòñÿ áîëüøîå çíà÷åíèå òðàíñäèôôåðåíöè-
ðîâêå ÑÊÊ â ìèîãåííûå ñòâîëîâûå êëåòêè ïðè ðåãåíåðàöèè
ïîïåðå÷íî-ïîëîñàòûõ ìûøö [6], êëåòî÷íîìó ñëèÿíèþ ÑÊÊ
ñ êàðäèîìèîöèòàìè è ãåïàòîöèòàìè ïðè ðåãåíåðàöèè ïå÷åíè
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è ñåðäöà [7, 8], ñåêðåöèè ÑÊÊ ôàêòîðîâ ðîñòà è íåïîñ-
ðåäñòâåííóþ äèôôåðåíöèðîâêó â êëåòêè ýíäîòåëèÿ â âàñ-
êóëîãåíåçå [9]. Îñîáåííî óáåäèòåëüíû äàííûå îá ó÷àñòèè
ÑÊÊ êîñòíîãî ìîçãà â îáðàçîâàíèè ñîñóäèñòîé ñåòè ìå-
òàñòàçîâ [10].

Òàêèå ôàêòîðû è âîçäåéñòâèÿ, êàê îáëó÷åíèå, ïîëèõèìè-
îòåðàïèÿ, ãðàíóëîöèòàðíûé êîëîíèåñòèìóëèðóþùèé ôàêòîð,
ïåïòèäíûå àíòàãîíèñòû õåìîêèíà SDF-1 (stromal-derived
factor � 1), è äàæå ãèïåðáàðè÷åñêàÿ îêñèãåíàöèÿ, ñïîñîáíû
èíäóöèðîâàòü ìèãðàöèþ ÑÊÊ èç êîñòíîãî ìîçãà â êðîâü
[11-13]. Ó÷èòûâàÿ èçëîæåííûé âûøå ìàòåðèàë, ïðåäñòàâ-
ëÿåòñÿ, ÷òî áèîëîãè÷åñêîå çíà÷åíèå ôåíîìåíà ìèãðàöèè
ÑÊÊ â ïîñòíàòàëüíîì ïåðèîäå çàêëþ÷àåòñÿ íå òîëüêî â ïîä-
äåðæàíèè ôóíêöèè ãåìàòîïîýçà, íî è â ïîääåðæàíèè äîñ-
òàòî÷íîãî êîëè÷åñòâà íåîáõîäèìûõ äëÿ ôèçèîëîãè÷åñêîé è
ðåïàðàòèâíîé ðåãåíåðàöèè ÑÊÊ â îðãàíàõ è òêàíÿõ. Ðàíåå
ïîêàçàíî, ÷òî èíôàðêò ìèîêàðäà, íåêðîç ÷àñòè ïå÷åíè ìî-
ãóò ñîïðîâîæäàòüñÿ ìèãðàöèåé ÑÊÊ êîñòíîãî ìîçãà â ìåñòî
ïîâðåæäåíèÿ [14, 26, 28]. Ñ äðóãîé ñòîðîíû, ïîëó÷åíû ïðî-
òèâîïîëîæíûå ðåçóëüòàòû [15], è ìèãðàöèÿ ÑÊÊ êîñòíîãî
ìîçãà ïðè òðàâìàõ/ïîâðåæäåíèÿõ âíóòðåííèõ îðãàíîâ îñ-
òàåòñÿ ïðåäìåòîì äèñêóññèé.

Öåëüþ äàííîãî èññëåäîâàíèÿ ÿâëÿåòñÿ èçó÷åíèå âëèÿíèÿ
òÿæåëîé ïîëèòðàâìû íà ìèãðàöèþ ñòâîëîâûõ êðîâåòâîðíûõ
êëåòîê ó ìûøåé.

Ìàòåðèàë è ìåòîäû
Ïðîâîäèëè òðè ýêñïåðèìåíòà (À, Á, Â).
Ýêñïåðèìåíò À - ìûøàì èç îïûòíîé ãðóïïû íàíîñèëè

ïîâðåæäåíèÿ è çàòåì ïîäâåðãàëè îáëó÷åíèþ â ëåòàëüíûõ
äîçàõ ñ ýêðàíèðîâàíèåì ÷àñòè êîñòíîãî ìîçãà; ìûøè êîíò-
ðîëüíîé ãðóïïû ïåðåä îáëó÷åíèåì â ëåòàëüíûõ äîçàõ ñ ýê-
ðàíèðîâàíèåì ÷àñòè êîñòíîãî ìîçãà òðàâìû íå ïîëó÷àëè.

Ýêñïåðèìåíò Á � ìûøè îïûòíîé ãðóïïû ïîäâåðãàëèñü
îáëó÷åíèþ â ëåòàëüíûõ äîçàõ ñ ïîñëåäóþùåé òðàíñïëàíòà-
öèåé êëåòîê êîñòíîãî ìîçãà îò ìûøåé, ïîëó÷èâøèõ òÿæåëóþ
ïîëèòðàâìó; ìûøàì êîíòðîëüíîé ãðóïïû ïîñëå îáëó÷åíèÿ â
ëåòàëüíûõ äîçàõ òðàíñïëàíòèðîâàëè êîñòíûé ìîçã îò çäî-
ðîâûõ ìûøåé.

Ýêñïåðèìåíò Â � ìûøàì îïûòíîé ãðóïïû íàíîñèëè ïî-
âðåæäåíèÿ ñ ïîñëåäóþùèì îáëó÷åíèåì â ñóáëåòàëüíûõ äîçàõ;
ìûøè êîíòðîëüíîé ãðóïïû ïåðåä îáëó÷åíèåì â ñóáëåòàëü-
íûõ äîçàõ òðàâì íå ïîëó÷àëè.

Íà âîñüìûå ñóòêè ïîñëå îáëó÷åíèÿ îïðåäåëÿëè ÷èñëî
êîëîíèé íà ñåëåçåíêå, îáðàçîâàâøèõñÿ çà ñ÷åò ìèãðèðîâàâ-
øèõ ÑÊÊ ýêðàíèðîâàííîãî ó÷àñòêà êîñòíîãî ìîçãà (ýêñïåðè-
ìåíò À), òðàíñïëàíòèðîâàííîãî êîñòíîãî ìîçãà (ýêñïåðèìåíò
Á) èëè îñòàòî÷íûõ ÑÊÊ êîñòíîãî ìîçãà ïîñëå ñóáëåòàëüíîãî
îáëó÷åíèÿ (ýêñïåðèìåíò Â).

Â èññëåäîâàíèè èñïîëüçîâàëè ñàìîê ìûøåé-ãèáðèäîâ
F1(ÑÂÀõÑ57ÂL6) ìàññîé 16-18 ã.

Âëèÿíèå òÿæåëîé ïîëèòðàâìû íà ìèãðàöèþ ñòâîëîâûõ
êðîâåòâîðíûõ êëåòîê ó ìûøåé
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Òðàâìó âûçûâàëè ïî ìåòîäó Íîáëà-Êîëëèïà (Noble-
Collip). Æèâîòíûõ òðàâìèðîâàëè âî âðàùàþùåìñÿ ìåòàëëè-
÷åñêîì áàðàáàíå. Ïðè âðàùåíèè ìûøè ïîäíèìàëèñü åãî
âíóòðåííèìè âûñòóïàìè íà âûñîòó 40 ñì è, íåñïîñîáíûå
óäåðæèâàòüñÿ âñëåäñòâèå îáåçäâèæåííîñòè (ëàïû ïåðåä
âðàùåíèåì ôèêñèðîâàëè ïëàñòûðåì), ïîëó÷àëè ìíîæå-
ñòâåííûå óäàðû ïðè ìíîãîêðàòíûõ ïàäåíèÿõ. Êàæäàÿ íî-
âàÿ ïàðòèÿ æèâîòíûõ ïîëó÷àëà òðàâìó òÿæåëîé ñòåïåíè
(ëåòàëüíîñòü â ïåðâûå äâîå ñóòîê, òî åñòü â ïåðèîä ïåð-
âè÷íûõ ðåàêöèé, 30-40%), ÷òî äîñòèãàëîñü îïðåäåëåíèåì
íåîáõîäèìîãî ÷èñëà îáîðîòîâ áàðàáàíà (êàê ïðàâèëî, îò 350
äî 450) â ïðåäâàðèòåëüíûõ îïûòàõ.

 Ìûøåé îáëó÷àëè â êîíòåéíåðàõ íà àïïàðàòå ÐÓÌ-17.
Ìîùíîñòü äîçû 108 ðåíòãåí â ìèí., íàïðÿæåíèå íà òðóáêå
250 êâ, ñèëà òîêà 15 ìà, ôèëüòðû: 0,5 ìì Ñè è 1 ìì Àl, ðàñ-
ñòîÿíèå 50 ñì. Äîçà 100/13 äëÿ ãèáðèäîâ F1(CBA-C57Bl6)
8,0 Ãð ïðè ëåòàëüíîì îáëó÷åíèè, 6,5 Ãð - ïðè ñóáëåòàëüíîì
îáëó÷åíèè.

Â ýêñïåðèìåíòå À ìûøàì âî âðåìÿ ëåòàëüíîãî îáëó÷åíèÿ
ýêðàíèðîâàëè ó÷àñòîê êîñòíîãî ìîçãà (1/2 ãîëåíè). Ó÷èòûâàÿ
âîçìîæíîñòü âûìûâàíèÿ ÑÊÊ èç êîñòíîãî ìîçãà â êðîâü ïðè
ïåðåëîìàõ, èñêëþ÷àëè ïåðåëîì êîñòåé ãîëåíè â îáåèõ ãðóïïàõ
ðåíòãåíîãðàôè÷åñêèì èññëåäîâàíèåì.

Â ýêñïåðèìåíòå Á êîñòíûé ìîçã ïîëó÷àëè ñðàçó ïîñëå
öåðâèêàëüíîé äèñëîêàöèè èç èíòàêòíûõ (áåç ïåðåëîìîâ)
áåäðåííûõ êîñòåé, âûìûâàÿ è ðåñóñïåíäèðóÿ èíúåêöèîííîé
èãëîé 1À1-04½20-1 15. Êëåòî÷íóþ ñóñïåíçèþ ââîäèëè â
áîêîâóþ âåíó õâîñòà â îáúåìå 0,3 ìë ñðåäû RPMI 1640 â
êîíöåíòðàöèè 1½105 êëåòîê íà ìûøü.

Ìèãðàöèþ ÑÊÊ îöåíèâàëè ïóòåì ðåãèñòðàöèè êðîâåòâîð-
íûõ êîëîíèé, âûðàñòàþùèõ â ñåëåçåíêå îáëó÷åííûõ ìûøåé
èç ýíäî- (ýêñïåðèìåíòû À è Â) èëè ýêçîãåííûõ (ýêñïåðèìåíò
Á) ìèåëîèäíûõ ñòâîëîâûõ êëåòîê (Till J.E., McCalloch E.A., 1961,
1963) [16, 17].

Ðåçóëüòàòû
ÑÊÊ ýêðàíèðîâàííîãî êîñòíîãî ìîçãà ìèãðèðóþò â

áîëüøåé ñòåïåíè ó ìûøåé, ïåðåíåñøèõ òÿæåëóþ ïîëèòðàâ-
ìó (ýêñïåðèìåíò À).

 Â ñåëåçåíêå ìûøåé, ïåðåíåñøèõ òÿæåëóþ ïîëèòðàâìó è
íåðàâíîìåðíî ëåòàëüíî îáëó÷åííûõ (ñ ýêðàíèðîâàíèåì 1/2
ãîëåíè), ôîðìèðóåòñÿ äîñòîâåðíî áîëüøå êðîâåòâîðíûõ êî-
ëîíèé ïî ñðàâíåíèþ ñ èõ ÷èñëîì â ñåëåçåíêå êîíòðîëüíûõ
æèâîòíûõ. Êîëè÷åñòâî êðîâåòâîðíûõ êîëîíèé ó ìûøåé îïûò-
íîé è êîíòðîëüíîé ãðóïï, ñîîòâåòñòâåííî, ñîñòàâèëî 32±1 è
25±3 êîëîíèé (ð <0,05) (òàáë. 1).

ìûøåé îïûòíîé è êîíòðîëüíîé ãðóïï, ñîîòâåòñòâåííî, ñî-
ñòàâèëî 16±1 è 25±2 (ð <0,05) â ðàñ÷åòå íà 1½105 òðàíñ-
ïëàíòèðîâàííûõ êëåòîê êîñòíîãî ìîçãà (ñì. òàáë. 2).

Êîíòðîëü 2 (10) 25±3

Îïûò 2 (12) 32±1

Òàáëèöà 1. Ìèãðàöèÿ ÑÊÊ èç êîñòíîãî ìîçãà
íåðàâíîìåðíî ëåòàëüíî îáëó÷åííûõ
òðàâìèðîâàííûõ ìûøåé

Ð
Ãðóïïû
ìûøåé

×èñëî îïûòîâ
(ìûøåé)

Êîë-âî êîëîíèé
íà ñåëåçåíêå

<0,05

Êîíòðîëü 2 (14) 23±2

Îïûò 2 (11) 31±2

Òàáëèöà 3. ×èñëî êîëîíèé íà ñåëåçåíêå
ñóáëåòàëüíî îáëó÷åííûõ ìûøåé, ïåðåíåñøèõ
òÿæåëóþ ïîëèòðàâìó

Ð
Ãðóïïû
ìûøåé

×èñëî îïûòîâ
(ìûøåé)

Êîë-âî êîëîíèé
íà ñåëåçåíêå

<0,05

Ðåöèïèåíòû êëåòîê
èíòàêòíûõ
äîíîðîâ 2 (18) 25±2

Ðåöèïèåíòû êëåòîê
òðàâìèðîâàííûõ
äîíîðîâ 2 (13) 16±1

Òàáëèöà 2. ×èñëî êîëîíèé íà ñåëåçåíêå ëåòàëüíî
îáëó÷åííûõ ñèíãåííûõ ìûøåé-ðåöèïèåíòîâ
êëåòîê êîñòíîãî ìîçãà äîíîðîâ, ïåðåíåñøèõ
òÿæåëóþ ïîëèòðàâìó

ÐÃðóïïû ìûøåé
×èñëî

îïûòîâ
(ìûøåé)

Êîë-âî êîëîíèé
â ðàñ÷åòå

íà 105 êëåòîê
êîñòíîãî ìîçãà

<0,05

Ïðè ñóáëåòàëüíîì îáëó÷åíèè îñòàòî÷íûå ÑÊÊ ìèãðèðóþò
â áîëüøåé ñòåïåíè ó òðàâìèðîâàííûõ ìûøåé (ýêñïåðèìåíò Â).

Â ñåëåçåíêå ñóáëåòàëüíî îáëó÷åííûõ òðàâìèðîâàííûõ
ìûøåé ôîðìèðóåòñÿ äîñòîâåðíî áîëüøå ýíäîêîëîíèé,
÷åì â êîíòðîëå, òî åñòü â ñåëåçåíêå íåòðàâìèðîâàííûõ
ñóáëåòàëüíî îáëó÷åííûõ æèâîòíûõ. Êîëè÷åñòâî êðîâå-
òâîðíûõ êîëîíèé ó ìûøåé îïûòíîé è êîíòðîëüíîé ãðóïï,
ñîîòâåòñòâåííî, ñîñòàâèëî 31±2 è 23±2 êîëîíèé (ð <0.05)
(òàáë.3).

Îáñóæäåíèå
Ýêñïåðèìåíòû À è Â ïîêàçàëè, ÷òî â ñåëåçåíêàõ ìûøåé

îïûòíûõ ãðóïï ôîðìèðóåòñÿ äîñòîâåðíî áîëüøåå êîëè÷å-
ñòâî ýíäîêîëîíèé â ñðàâíåíèè ñ ìûøàìè ãðóïï êîíòðîëÿ.
Ñëåäîâàòåëüíî, îïûòû ñ ýíäîêëîíèðîâàíèåì óêàçûâàþò íà
ñòèìóëèðóþùèé ýôôåêò òÿæåëîé ïîëèòðàâìû â îòíîøåíèè
ìèãðàöèè ÑÊÊ êîñòíîãî ìîçãà ó ñóáëåòàëüíî/ëåòàëüíî îá-
ëó÷åííûõ ìûøåé. Â ýêñïåðèìåíòå Á â ñåëåçåíêàõ ìûøåé
îïûòíîé ãðóïïû îòìå÷àåòñÿ äîñòîâåðíî ìåíüøåå êîëè÷å-
ñòâî ýêçîêîëîíèé â ñðàâíåíèè ñ ìûøàìè ãðóïï êîíòðîëÿ.
Ñëåäîâàòåëüíî, îïûòû ñ ýêçîêëîíèðîâàíèåì ÑÊÊ óêàçûâà-
þò íà èñòîùåíèå êîñòíîãî ìîçãà òðàâìèðîâàííûõ äîíîðîâ
â îòíîøåíèè ñïîñîáíûõ ê ìèãðàöèè ÑÊÊ, ÷òî ñîãëàñóåòñÿ ñ
èíäóöèðóþùèì ýôôåêòîì òÿæåëîé ïîëèòðàâìû íà ìèãðàöèþ
èññëåäóåìûõ êëåòîê. Òàêèì îáðàçîì, ÷òî òÿæåëàÿ ïîëèòðàâìà
ó ìûøåé èíäóöèðóåò ìèãðàöèþ ÑÊÊ êîñòíîãî ìîçãà â ñèñ-
òåìó êðîâîîáðàùåíèÿ.

Àëüòåðíàòèâíûì ìèãðàöèè âàðèàíòîì, àíàëîãè÷íî ÿâ-
ëåíèþ òêàíåâîé ýìáîëèè, ìîæåò ÿâëÿòüñÿ âûìûâàíèå ÑÊÊ
â êðîâü â ìåñòàõ ïåðåëîìîâ êîñòåé, ñîäåðæàùèõ êîñòíûé
ìîçã. Òåì íå ìåíåå, â ýêñïåðèìåíòàõ À è Á, èñïîëüçóÿ
ðåíòãåíîãðàôè÷åñêîå èññëåäîâàíèå ãîëåíåé (ýêñïåðèìåíò
À) è âèçóàëüíûé îñìîòð îòäåëåííûõ îò ìûøå÷íîé ìàññû

 Êîñòíûé ìîçã ìûøåé, ïåðåíåñøèõ ïîëèòðàâìó, ñîäåðæèò
ìåíüøåå êîëè÷åñòâî ñïîñîáíûõ ê ìèãðàöèè ÑÊÊ (ýêñïåðè-
ìåíò Á).

 Ïåðåíîñ äîçèðîâàííîãî êîëè÷åñòâà êëåòîê êîñòíîãî ìîç-
ãà òðàâìèðîâàííîãî äîíîðà ñèíãåííîìó ëåòàëüíî îáëó÷åí-
íîìó ðåöèïèåíòó ñîïðîâîæäàåòñÿ íàêîïëåíèåì äîñòîâåðíî
ìåíüøåãî ÷èñëà êîëîíèé íà ñåëåçåíêå ïî ñðàâíåíèþ ñ èõ
÷èñëîì â ñåëåçåíêå ðåöèïèåíòîâ êîñòíîãî ìîçãà èíòàêò-
íûõ äîíîðîâ (òàáë. 2). Êîëè÷åñòâî êðîâåòâîðíûõ êîëîíèé ó
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Äèíàìè÷åñêîå ðàâíîâåñèå ìåæäó ÑÊÊ êîñòíîãî ìîçãà, êðîâè è íåãåìàòîïîýòè÷åñêèõ òêàíåé è îðãàíîâ
â íîðìå è ïàòîëîãèè:
A � â ôèçèîëîãè÷åñêèõ óñëîâèÿõ ðàâíîâåñèå çíà÷èòåëüíî ñìåùåíî â ñòîðîíó êîñòíîãî ìîçãà, ÷òî, ïî-âèäèìîìó, îáóñëîâëåíî
ãðàäèåíòîì êîíöåíòðàöèè SDF-1;
Á � ïðè òðàâìå (â äàííîì ñëó÷àå ìûøö) ïðîèñõîäèò çíà÷èòåëüíîå ñìåùåíèå ðàâíîâåñèÿ â ñòîðîíó ïîâðåæäåííûõ îðãàíîâ, ÷òî
îïÿòü æå, âîçìîæíî, îáóñëîâëåíî èçìåíåíèåì ãðàäèåíòà êîíöåíòðàöèè SDF-1. Â íåãåìàòîïîýòè÷åñêèõ òêàíÿõ è îðãàíàõ ÑÊÊ,
ïî-âèäèìîìó, ìîãóò ïðèíèìàòü ó÷àñòèå â ôèçèîëîãè÷åñêîé/ðåïàðàòèâíîé ðåãåíåðàöèè ïîñðåäñòâîì òðàíñäèôôåðåíöèðîâêè
è/èëè êëåòî÷íîãî ñëèÿíèÿ è/èëè ñåêðåöèè íåîáõîäèìûõ ôàêòîðîâ ðîñòà

áåäðåííûõ êîñòåé (ýêñïåðèìåíò Á), ïåðåëîìû áûëè èñêëþ-
÷åíû. Íå ïðåäñòàâëÿëîñü âîçìîæíûì èñêëþ÷èòü âûìûâàíèå
êëåòîê êîñòíîãî ìîçãà, â òîì ÷èñëå è ÑÊÊ, â ýêñïåðèìåíòå Â.
Òåì íå ìåíåå, ðàçíèöà â êîëè÷åñòâå êðîâåòâîðíûõ êîëîíèé â
ñåëåçåíêå â îïûòíîé è êîíòðîëüíîé ãðóïïàõ â ýêñïåðèìåí-
òå Â ñðàâíèìà ñ àíàëîãè÷íûì ïîêàçàòåëåì â ýêñïåðèìåíòå
À. Òàêèì îáðàçîì, çíà÷åíèå âûìûâàíèÿ ÑÊÊ êîñòíîãî ìîç-
ãà â ýêñïåðèìåíòå Â íåçíà÷èòåëüíî.

Â íåäàâíèõ èññëåäîâàíèÿõ ó ðàçëè÷íûõ âèäîâ ìëåêîïè-
òàþùèõ îáíàðóæåíî íàëè÷èå òèïè÷íûõ ïî èììóíîôåíîòèïó
ÑÊÊ â ñêåëåòíûõ ìûøöàõ, ëåãêèõ, ïå÷åíè è ãîëîâíîì ìîçãå
[18-21]. Òðàíñïëàíòàöèÿ òàêèõ êëåòîê, àíàëîãè÷íî ÑÊÊ êî-
ñòíîãî ìîçãà è ïåðèôåðè÷åñêîé êðîâè, ïðèâîäèò ê âîññòà-
íîâëåíèþ ôóíêöèé ãåìîïîýçà. Ïî êðàéíåé ìåðå, äëÿ ÑÊÊ
ñêåëåòíûõ ìûøö ïîêàçàíî, ÷òî îíè èìåþò ãåìàòîïîýòè÷åñ-
êîå ïðîèñõîæäåíèå, à íå ÿâëÿþòñÿ ðåçóëüòàòîì òðàíñäèô-
ôåðåíöèðîâêè ìèîãåííûõ êëåòîê-ïðåäøåñòâåííèêîâ [22].
Âîññòàíîâëåíèå ãåìîïîýçà ó ëåòàëüíî îáëó÷åííûõ ìûøåé
ïðè òðàíñïëàíòàöèè ìå÷åíûõ êëåòîê êîñòíîãî ìîçãà, â ñâîþ
î÷åðåäü, ïðèâîäèò ê ìèãðàöèè ÑÊÊ â ñêåëåòíûå ìûøöû [23].
Òàêèì îáðàçîì, ê íàñòîÿùåìó âðåìåíè ÑÊÊ îáíàðóæåíû âî
ìíîãèõ òêàíÿõ è îðãàíàõ. Ïîëó÷åííûå äàííûå î ïðèðîäå ÑÊÊ
ñêåëåòíûõ ìûøö ñâèäåòåëüñòâóþò î êîñòíîìîçãîâîì èõ ïðî-
èñõîæäåíèè. Ó÷èòûâàÿ çíà÷èòåëüíóþ ñïîñîáíîñòü ÑÊÊ ê
ìèãðàöèè, ïðåäñòàâëÿåòñÿ, ÷òî ìåæäó ÑÊÊ êîñòíîãî ìîçãà,
êðîâè è äðóãèõ òêàíåé è îðãàíîâ ñóùåñòâóåò äèíàìè÷åñêîå
ðàâíîâåñèå, êîòîðîå ïðè ôèçèîëîãè÷åñêèõ óñëîâèÿõ â çíà-
÷èòåëüíîé ñòåïåíè ñìåùåíî â ñòîðîíó êîñòíîãî ìîçãà.

Ðàíåå ïîêàçàíî, ÷òî SDF-1 èãðàåò êëþ÷åâóþ ðîëü â íà-
ïðàâëåííîé ìèãðàöèè CXCR4+ (ðåöåïòîð äëÿ SFD-1) ÑÊÊ
[24, 25]. Áëàãîäàðÿ âûñîêîìó óðîâíþ ýêñïðåññèè ýòîãî

õåìîêèíà ñòðîìàëüíûìè êëåòêàìè ïðîèñõîäèò àêêóìóëÿöèÿ
ÑÊÊ â êîñòíîì ìîçãå â ïðå- è ïîñòíàòàëüíîì ïåðèîäàõ [25].
Èíòåðåñíî, ÷òî SDF-1 â ñðàâíèòåëüíî ìåíüøèõ êîëè÷åñòâàõ
ñåêðåòèðóåòñÿ ñòðîìàëüíûìè è ýíäîòåëèàëüíûìè êëåòêà-
ìè äðóãèõ îðãàíîâ: ñåðäöà, ñêåëåòíûõ ìûøö, ïå÷åíè, ìîçãà,
ïî÷åê [26-30]. Ñóïåðíàòàíò êóëüòóðû ôèáðîáëàñòîâ ñêåëåò-
íûõ ìûøö ñîäåðæèò SDF-1 è ñïîñîáåí èíäóöèðîâàòü õåìî-
òàêñèñ CXCR4+ ÑÊÊ [27]. Òàêèì îáðàçîì, ïðåäñòàâëÿåòñÿ,
÷òî îïèñàííîå âûøå äèíàìè÷åñêîå ðàâíîâåñèå ìåæäó ÑÊÊ
êîñòíîãî ìîçãà, êðîâè è äðóãèõ òêàíåé è îðãàíîâ îáóñëîâëå-
íî ãðàäèåíòàìè êîíöåíòðàöèé õåìîêèíà SDF-1, êîòîðûå íà
ëîêàëüíîì óðîâíå îáóñëàâëèâàþò ìèãðàöèþ ÑÊÊ èç êðîâè
â òêàíè è îðãàíû, à íà ñèñòåìíîì � ê çíà÷èòåëüíîìó ñìå-
ùåíèþ îïèñàííîãî âûøå ðàâíîâåñèÿ â ñòîðîíó êîñòíîãî
ìîçãà.

Èñêóññòâåííîå óâåëè÷åíèå êîíöåíòðàöèè SDF-1 â ïëàç-
ìå ïðèâîäèò ê çíà÷èòåëüíîé ìèãðàöèè ÑÊÊ èç êîñòíîãî ìîçãà
â êðîâü [31]. Ñ äðóãîé ñòîðîíû, ýêñïðåññèÿ äàííîãî õåìî-
êèíà ìîæåò çíà÷èòåëüíî âîçðàñòàòü â ïîäâåðãøèõñÿ ïîâðåæ-
äåíèþ òêàíÿõ [14, 28]. Ëîêàëüíàÿ ñåêðåöèÿ çíà÷èòåëüíûõ
êîëè÷åñòâ SDF-1 â ìåñòàõ ïîâðåæäåíèÿ ïðè òÿæåëûõ òðàâ-
ìàõ, ïî-âèäèìîìó, ïðèâîäèò ê ñóùåñòâåííîìó èçìåíåíèþ
ñèñòåìíîãî ãðàäèåíòà êîíöåíòðàöèè SDF-1. Â ðåçóëüòàòå
íàáëþäàåòñÿ ïîêàçàííàÿ â äàííîì èññëåäîâàíèè ìèãðàöèÿ
ÑÊÊ èç êîñòíîãî ìîçãà â êðîâü. Íà ëîêàëüíîì óðîâíå âûñî-
êèå ãðàäèåíòû êîíöåíòðàöèè SDF-1, ïî-âèäèìîìó, îáóñëàâ-
ëèâàþò ìèãðàöèþ ÑÊÊ èç êðîâè â ìåñòà ïîâðåæäåíèé, ãäå
îíè ìîãóò ïðèíèìàòü ó÷àñòèå â ïðîöåññàõ ðåïàðàöèè.

Ïðåäëàãàåìàÿ íàìè ìîäåëü äèíàìè÷åñêîãî ðàâíîâåñèÿ
ìåæäó ÑÊÊ êîñòíîãî ìîçãà, êðîâè è äðóãèõ òêàíåé è îðãàíîâ
â íîðìå è ïðè ïàòîëîãèè ïîêàçàíà íà ðèñóíêå.



Êëåòî÷íàÿ òðàíñïëàíòîëîãèÿ è òêàíåâàÿ èíæåíåðèÿ  ¹ 2(4), 2006

Îðèãèíàëüíûå èññëåäîâàíèÿ62

ËÈÒÅÐÀÒÓÐÀ:

1. Krause D.S., Theise N.D., Collector M.I. et al. Multi-organ, multi-lineage
engraftment by a single bone marrow-derived stem cell. Cell 2001; 105(3):
369-77.

2. Orlic D., Kajstura J., Chimenti S. et al. Bone marrow cells regenerate
infracted myocardium. Nature 2001; 410: 701�5.

3. Wagers A.J., Sherwood R.I., Christensen J.L., Weissman I.L. Little evidence
for developmental plasticity of adult hematopoietic stem cells. Science 2002; 297:
2256�9.

4. Murry C.E., Soonpaa M.H., Reinecke H. Haematopoietic stem cells do not
transdifferentiate into cardiac myocytes in myocardial infarcts. Nature 2004;
428: 664�8.

5. Terada N., Hamazaki T., Oka M. Bone marrow cells adopt the phenotype of
other cells by spontaneous cell fusion. Nature 2002: 416: 542�54.

6. Polesskaya A., Seale P., Rudnicki M.A. Wnt Signaling Induces the Myogenic
Specification of Resident CD45+ Adult Stem Cells during Muscle Regeneration.
Cell 2003;113: 841�52.

8. Vassilopoulos G., Wang P.R. Russell D.W. et al.  Transplanted bone marrow
regenerates liver by cell fusion. Nature 2003; 422: 823-5.

9. Dekel B., Shezen E., Even-Tov-Friedman S. et al. Transplantation of human
CD34+CD133+ hematopoietic stem cells into ischemic and growing kidneys
suggests role in vasculogenesis but not tubulogenesis. Stem cells. First published
online January 12, 2006.

10. Lyden D., Hattori K., Dias S. et al. Impaired recruitment of bone-marrow-
derived endothelial and hematopoietic precursor cells blocks tumor angiogenesis
and growth. Nat. Med. 2001; 11: 1194-201.

11. Thom S.R., Bhopale V.M.  Stem cell mobilization by hyperbaric oxygen.
Am. J. Physiol. Heart Circ. Physiol. 2006; 290: 1378-86.

12. Liles W.C., Rodger E., Broxmeyer H.E. et al. Augmented mobilization and
collection of CD34+ hematopoietic cells from normal human volunteers stimulated
with granulocyte-colony-stimulating factor by single-dose administration of
AMD3100, a CXCR4 antagonist. Transfusion 2005; 45: 295-300.

13. Takeyama K., Ohto H. PBSC mobilization. Transfus. Apher. Sci. 2004; 31:
233-43.

14. Dalakas E., Newsome P.N., Harrison D.J., Plevris J.N. Hematopoietic stem
cell trafficking in liver injury. The FASEB Journal 2005; 19: 1225-31.

15. Di Campli C., Piscaglia A.C., Giuliante F. et al. No evidence of hematopoietic
stem cell mobilization in patients submitted to hepatectomy or in patients with
acute on chronic liver failure. Transplant Proc. 2005; 37: 2563-6.

16.Till J. E., McCalloch E.A. A direct measurement of the radiation sensitivity
of normal bone marrow cells. Radiat. Res. 1961; 14: 213-22.

17.Till J.E., McCalloch E.A. Early repair in marrow cells irradiated and
proliferation in vivo. Radiat. Res. 1963; 18: 96-105.

18. Abe S., Lauby G., Boyer G. et al. Lung Cells Transplanted to Irradiated
Recipients Generate Lymphohematopoietic Progeny. Am. J. Respiratory Cell and
Mol. Biol. 2004; 30; 491-9.

19. Kotton D.N., Fabian A.J., Mulligan R.C. A novel stem-cell population in
adult liver with potent hematopoietic-reconstitution activity. Blood 2005; 106:
1574-80.

20. Jackson K.A., Mi T., Goodell M.A.  Hematopoietic potential of stem cells
isolated from murine skeletal muscle. Immunology 1999; 96: 14482-6.

21. Jay K.E., Gallacher L., Bhatia M. Emergence of muscle and neural
hematopoiesis in humans. Blood 2002; 100: 3193-202.

22. McKinney-Freeman S.L., Jackson K.A. Muscle-derived hematopoietic
stem cells are hematopoietic in origin. PNAS 2002; 99: 1341-6.

23. Issarachai S., Priestley G.V., Nakamoto B. Cells with hemopoietic potential
residing in muscle are itinerant bone marrow-derived cells. Exp. Hematol. 2002;
30: 366-73.

24. Aiuti A.,Webb I.J., Bleul C. et al. The Chemokine SDF-1 Is a
Chemoattractant for Human CD34 Hematopoietic Progenitor Cells and Provides
a New Mechanism to Explain the Mobilization of CD34 Progenitors to Peripheral
Blood. J. Exp. Med. 1997; 185: 111-20.

25. Juarez J., Bendall L. SDF-1 and CXCR4 in normal and malignant
hematopoiesis. Histol. Histopathol. 2004; 19: 299-309.

26. Askari A.T., Unzek S., Popovic Z.B. et al. Effect of stromal-cell-derived
factor 1 on stem-cell homing and tissue regeneration in ischaemic
cardiomyopathy. Lancet 2003; 362: 697�703.

27. Ratajczak M.Z., Majka M., Kucia M. et al. Expression of functional CXCR4 by
muscle satellite cells and secretion of SDF-1 by muscle-derived fibroblasts is
associated with the presence of both muscle progenitors in bone marrow and
hematopoietic stem/progenitor cells in muscles. Stem Cells 2003; 21: 363�71.

28. Hatch H.M., Zheng D., Jorgensen M.L. et al. SDF-1alpha/CXCR4: a
mechanism for hepatic oval cell activation and bone marrow stem cell recruitment
to the injured liver of rats. Cloning Stem Cells 2002; 4: 339�51.

29. Lazarini F., Tham T.N., Casanova P. et al. Role of the alpha-chemokine
stromal cell-derived factor (SDF-1) in the developing and mature central nervous
system. Glia 2003;42: 139�48.

30. Schrader A.J., Lechner O., Templin M. et al. CXCR4/CXCL12 expression
and signalling in kidney cancer. Br. J. Cancer 2002; 86: 1250�6.

31. Hattori K., Heissig B., Tashiro K. et al. Plasma elevation of stromal cell-
derived factor-1 induces mobilization of mature and immature hematopoietic
progenitor and stem cells. Blood 2001; 97: 3354-60.


