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Pacmmpenne npuMeHEHUS! TEPMOTEPANHH TPeOyeT YeTKOTO
HOHMMAaHUsI MEXaHU3MOB, C TIOMOIIIBIO KOTOPBIX HU3KUE TeMIIepa-
TypBI pa3pylIalOT TKAHU-MUIICHH, TEM CaMbIM JaBasi eIl OJNH
IIAHC HA )KU3Hb [IPY JISICHUU PAKOBBIX TOPAKESHHUH.

PactmdpoBka OMOXMMHYIECKHUX OTBETHBIX PEaKINi KJIETOK Ha
BO3/ICHCTBHE HU3KHX TEMIIEPATyp UMEET BakHellIIIee 3HaYeHNE Is
HOCTOSIHHOTO yityuieHus 3¢ dextuBHocTH ieuenust. C 9Toi Lesnbio
H3yYCHHE «OTI0KEHHOTO» Hadaja THOeNH KIETOK I03BOJIIIO
YIPaBIATh KJICTOYHBIMH PEAKIUSMH MOCPEACTBOM PETYIISIIUN
aroNTOTUYECKUX ITyTeil. MBI IPeIoI0K I, YTO KPOME SIBJICHUH
«OTJIO)KEHHOTO» aIloNTO03a, MPOUCXOAALINX, KAaK IMOKa3aHo, B
pe3ynbTare BO3ACHCTBHUS TEMIEpaTyp HECKOJIBKO HIKE TOUKH
3amep3anus (10 mo —25°C), B kieTKax, MOABEPTIINXCA BO3-
neiicTBUIO cBepXHU3KUX Ttemmepatyp (< —30°C), moxer
HaOMrOaThes Jake OoJiee ObICTPOE HACTYIIIICHUE alloNTo3a.

Knerkn paxa npeacraTeabHON JKee3sl YeTI0BeKa ObLUTH OA-
BEPTHYTHI Bo3leiicTBHI0 Temnepatyp oT —60, =30, u —15°C mns
MOJEJIUPOBAHUs MPOLEAYPHl Kproadsuu. Mcnons3ys npo-
TOYHYIO LIMTOMETPHUIO, (MIIYOPECLIEHTHYIO MUKPOCKOIIHIO U aHAIH3
western blot, 06pa3upl ObLIH AETATBHO MCCIEAOBAHBI B pPa3HOE
BpeMsI ITOCTIe OTTAUBAHUS JUIS OIIPE/ICJICHNUS CTPECCOPHBIX ITyTeH,
BOBJICUCHHBIX B THOENb KJIETKH. Pe3ynbraThl MOKa3bIBAIOT, YTO
IpU CBEPXHU3KHUX Temieparypax (Huxe —30°C) 3HauuTeIbHAS
4acTh KIETOK MOABEPINIach 3aIpOrpaMMHPOBAHHON CMepTH B
TedeHue Bcero nuinb 30 MUH HOcie OTTaMBAaHHS, AOCTHTas
Makcumyma ~40% uepe3 90 muH, a uepes 6 4 mocie pas-
MOpa)XHBAaHUsI HAOIIOAAIUCH TOJIBKO HEKPOTHUECKHE KIIETKH.
Onnako mpu 6oxee BBICOKHX TeMIepaTypax HHXKE TOUKH
3amep3anus (Beime —30°C), akTHUBAIMSA U MPOTPECCUPOBAHUE
arornTo3a NPOUCXOT OoJIee 3aMeVICHHO M HE OTMEYAIOTCsI 10 6 —
24 4 pocne OTTauBaHUs. YPOBHHM alloNTo3a ObUIM TAaKXKe 3Ha-
YUTENBHO HIDKe: ¢ ~ 10% KIeTOK, MOABEPralomMXCs alonTo3y,
K 6 4 TOCIIe OTTaNBaHMUS B pe3YJIBTaTe BO3ACHCTBHUS TEMIICPaTypPhI
—15°C u 10 ~25% K 6 4 1ocjie OTTauBaHUs KJICTOK, OXJIaXKIECHHBIX
1o —30°C. Kpome Toro, ObI0 YCTaHOBIJICHO, YTO PAaHHEE HA4aJIo
amomnTo3a 3aIycKaloch IMOCPEJCTBOM MeMOpaHOOMOCpe-
JOBAaHHOTO Kaclla3a3aBUCHMOTO MeXaHHM3Ma (BHEIIHETO), B TO
BpeMsI KaK «OTJI0)KEHHBII alloNTo3 BOBJIEKAJ KaK BHELIHUE, TaK
U BHYTPEHHHUE (MUTOXOHIPHUANbHBIE) NYyTH. DTH JaHHbBIC
CBUAETENBCTBYIOT O BIMSHHUM allONTOTHYECKOrO KOHTHHYYMa,
4yepe3 KOTOPBIH 0oJiee CHIIbHBIA KPHOTEHHBII CTPecC aKTUBHPYET
BHEILIHUE, MEMOPaHO PEry;IupyeMble allONTOTHYECKHE IYTH, B TO
BpeMsi KaK MEHee «KEeCTKOE» 3aMOpaKMBaHHE aKTHBUPYET
BHYTPEHHHE, MUTOXOHIPHATFHO-0IIOCPEI0BaHHbIE Ty TH. bricTpast
MHJYKIHS U pa3BUTHE allONTO3a IIPU CBEPXHU3KHUX TeMIIepaTypax
OOBSCHSIOT, IOYeMy paHee He ObUTH IOJTy4eHbI TAKHE PE3yJIbTaThl
HOCJIe 3aMOPAXKUBAHMsI KaK B YCIOBHSAX KPHOAONSALUM, TaK U
KPHOKOHCEPBUPOBAaHHsL. B KOHEYHOM cueTe Hamla Ieidb — pac-
mMQpoBaTh COOBITUS U CUTHAIIBHBIE Iy TH, KOTOPBIE CIICH(DIIECKN
BOBJICYEHBI B 3aIlyCK OBICTPOro HacTyIuleHHs amonrto3a. Kak
TOJIBKO 3TO CTAHET U3BECTHO, KPHOXUPYPTUUECKHE MPOLETYPhI
MOTYT OBITH MOIU(HUIIMPOBAHBI TAKHUM 00pa30oM, YTOOBI MOKHO
OBLIO BEIOOPOYHO HHIYIIMPOBATh OBICTPOE HACTYIUICHHE alloNTo3a
WIH 3a/IepXKUBaTh IMOeNb KISTOK JJIsl MOBBILICHHUS 00Iei
3¢ pekTuBHOCTH KpHroabisiuuu. BynyT mpencraBieHsl NepBbie
JI0Ka3aTeNbCTBA TOTO, YTO BBHIOOP KPHOCEHCHOMIN3AaTOPOB
MI03BOJISICT MTOBBICUTH KPHOUYBCTBUTEIBHOCTD.
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The expanding application of thermal therapies necessitates
a clear understanding of the mechanisms by which low temperature
destroys targeted tissue thereby yielding a viable option in the
treatment of cancerous lesions. Critical to the continual impro-
vement of treatment efficacy is deciphering the biochemical res-
ponses of cells to low temperature exposure. To that end, the
identification of delayed onset cell death has allowed for the
manipulation of cellular responses through the regulation of
apoptotic pathways. We have hypothesized that in addition to
delayed apoptotic events that have been shown to occur following
exposure to mild sub-freezing temperatures (10 to —25°C), cells
exposed to ultra-low temperatures (< —30°C) may also undergo
a more rapid, early onset apoptosis.

Human prostate cancer cells (PC3) were exposed to tempe-
ratures of —60,—30, and —15°C to simulate a cryoablative procedure.
By utilizing flow cytometry, fluorescent microscopy, and western
blot analyses, samples were interrogated at various times post-
thaw to identify the stress pathways involved in cell death. The
results indicate that at ultra low temperatures (below —30°C)
a significant population of cells underwent programmed cell death
within as little as 30 min of thawing, attaining a maximum of
~40% at 90 min, and by 6 hr post-thaw only necrotic cells were
observed. At elevated sub-freezing temperatures (above —30°C),
however, the activation and progression of apoptosis occurred in
a more delayed manner and was not noted until 6-24 hr post-
thaw. The levels of apoptosis were also significantly lower with
~10% of cells undergoing apoptosis at 6 hr post-thaw following
exposure —15°C and ~25% at 6 hr post-thaw for cells frozen to
—30°C. Additionally, it was found that early onset apoptosis
progressed through a membrane mediated caspases-dependent
mechanism (extrinsic) while delayed apoptosis involved both
extrinsic and intrinsic (mitochondrial) pathways.

These data demonstrate the impact of apoptotic continuum
whereby the more severe the cryogenic stress activates the
extrinsic, membrane regulated apoptotic pathway while less severe
freezing activates the intrinsic, mitochondrial mediated path. The
rapid induction and progression of apoptosis at ultra low
temperatures provides an explanation as to why such results
have not previously been identified following freezing both in
cryoablative or cryopreservation settings. Ultimately, it is our
aim to decipher the events and signaling pathways that are
specifically involved in triggering rapid-onset apoptosis. Once
known, cryosurgical procedures might be modified such that rapid-
onset and delayed programmed cell death pathways can be
selectively induced, in an effort to improve the overall efficacy of
cryoablation. Early evidence suggesting that select cryo-sensitizers
offer the potential to improve freeze sensitivity will be presented.
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