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BEA BEE ZbE (%)
[E7EREEN%EL 34.1£6.35 34.4+6.31 +0.87
BEERRIENEL 15.2£4.E59 12.7+3.04 —35
mik (mm/hr) 428+187 42.0+32.4 0
VAS T7.4+£25 B.2+2.8 -—16.3
{visual analog scale)
HAQ
{health assessment quastionnaire)
EEE 1.8£0.74 1.8+£0.83 O
BiE 2.0+1.83 2.0+1.81 8]
BEOREFR NA 2.1+0876 NA
EBPOHSIESTE NA 2.0+0818 NA
BADIHIED (min) 288x4186.7 396+556 +37.6
EH (mmHg)
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72.3+x48.3 66.8+£204 —7.6

(Keesal IN 5, 1889 [4] —8fesz)
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29 ZE»s IL-6 DBFIESD RA DRERRICH
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| RACBE2HIL-8 LETS—HEERLE
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ESR OIE#EALL ¥ ORE LORENERI N, #
BAEZNSRL L BERERIRARS I X 3 2t
BYHEORHE OB, AFVATHLORABEL
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BRREHE S N, Btk hed 20
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mouse anti-IL-6R chimeric anti-Il.-6R humanized anti-IL-6R
T/ 7a—FIntE E/ 70—+ T/ 70=FLHEMRA)
Variable region® 4% 7 A CDRs®@ &< s R
—> =>
B ouse origin [ human erigin

E1 v7ABHIL-6 L7424 —F/ 7O0—-FLiitkO FEE

T, 24 VAR 86.7 %, 48385 76.9 %, 96338
800 % EHAEEFREL A, 7, BEREROHREL
G171 C CRP, ESR, M%7 Sn4 FAZH, 74
L7 AR VOERESED s, —F, BES
RILDWTIRIZEALRFEBER L PERRLOTH-
el 1BlIcB W THRESORENRE s ni, K
L ERTROBRE L LT, HEBMEEEICR2 LA 70
A, FUZURY R, LDLOLERSAS N,
 BMETH o, i, —BHEOMBES (:icE
BR), PIURTIF—E0ERENED L NE,
éwfh%ﬁ%’?%@’ﬂiﬁﬂvt.

L X5, SHERCEEHREARS 164 49D DMARD
HEHIMED RABEICBWIERIE Y. ZoRBRT
i MRA 4 mg/kg, 8mg/kg BTV 77 FB4ET
 Lic 1258 b h BB SR, ZOEE, ACR,
250, TOVTFNORBRICEVTH 7SR~
THEARPREERLE (1), HEFRICOLTR
?ﬁf@ﬁﬁk&ﬁﬁ%@@@?%otﬁ,M%ﬁ
:mg/kg BEFHICEB W TEB VA VARKRROBIEENL
X B SMBTETORCHAVERESNE. ZOEM
{RBOMENTTIZEB 74 VA DBIEEEN LSS Y
CHTBBETH o EDI ETYA AR EOBEN
RBRAOBEVLELERSND, #E, FTNF-
Faflicd o B REROEIEEN, HUDNARELZEE
CRFEHFOFERIIA SN TRV, HE, ENHER
FRMEMEATLS,

| suorz

| INETORAKEY IERRBRORETREAY
 DETIZ L KERENOERRBETH B, EX
AR L ) THB, i, AHEIDNT
L bSETT B TNF - o WA E ARES 3 VIR T NS
 DEENHRSEESATLS, S518, BRICEY

®1 ZRE-_EEEERORE

ToRFE [4mgkg B5E |8 mokg 58
{n=53) (n=54) (n=155)
ACR20 11.3 % 574 % 78.2 %
ACR50 1.9 % 25.9 % 40.0 %
ACR70 0.0 % 20.4 %.- 164 %

(SRR 0 & O —EReE)

BE - BEERT (R Py 7270 FP—E 3R L)
P7I0A4 FAEEHMETT2L08ELH0, RA
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ADEMELEAFEEN S, 2002 EIHEINATAY
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Ty (TXR) OFHIEE IS > TR B E T
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EORBREAS VY- REB2TWE. TRO 7 ER
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ACRI7tzw bk

PEARBEENE

2R (TESDWVNERTR) RIE
BEIC K DERETE

BEICR DM
EBTIC K H2ARET
BEICLDEREEREEENDFME
(MHAQ)

7. CRP &/zld ESR
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G1 and S-Phase Checkpoints, Chromosome Instability,
and Cancer

Hiroshi 'Nojima

Summary

Mitogen-dependent progression through the first gap phase (G1) of the mammalian cell-
division cycle is precisely regulated so that normal cell division is coordinated with cell
growth, while the initiation of DNA synthesis (S phase) is precisely ordered to prevent
inappropriate amplification of the DNA that may cause genome instability. To ensure that
these fundamental requirements of cell division are met, cells have developed a surveillance
mechanism based on an intricate network of protein kinase signaling pathways that lead to
several different types of checkpoints. Since these checkpoints are central to the mainte-
nance of the genomic integrity and basic viability of the cells, defects in these pathways
may result in either tumorigenesis or apoptosis, depending on the severity and nature of the
defects. This review summarizes the genetic and molecular mechanisms of checkpoint acti-
vation in the G1/S and S phases of the mammalian cell cycle that monitor DNA damage and
replication. The relevance of these mechanisms to the origin of cancer is also discussed.

Key Words: Cell cycle; checkpoints; G1/S; DNA damage; chromosome; p53; MYC; CHK1;
CHK2; ATM; ATR; pRB; E2F; p21; INK4a; CDK2; Cyclin E; Cyclin G; NBS1; MRE11,;
BRCA1; MDM2; ARF; Cdc25A.

1. Introduction

Eukaryotic cells have developed a complex network of cell cycle check-
point pathways. These act as surveillance mechanisms that ensure the proper
progression of the cell cycle after exposure to various environmental stresses
or after the occurrence of spontaneous perturbations such as DNA damage and
improper progression of DNA replication (I-4). These evolutionally conserved
surveillance mechanisms ensure that DNA replication remains faithful, thus
guaranteeing the transmission of an unaltered genome and promoting the sur-
vival of the cells. The checkpoint regulatory machineries that serve as the
guardians of proper cell cycle progression fulfill four fundamental consecutive
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tasks. First, upon stress, they rapidly induce cell cycle arrest or delay. They
then help activate the mechanisms that repair damaged DNA or stalled replica-
tion. They also maintain the cell cycle arrest until repair is complete. At this
point, they then actively re-initiate cell cycle progression. The cell cycle arrest
that is induced and maintained by these checkpoints gives the cell time not
only to repair the cellular damage but also to wait for the dissipation of an
exogenous cellular stress signal or to probe the availability of essential growth
factors, hormones, or nutrients.

The cell cycle checkpoints were initially defined as constituting a regulatory
mechanism that acts to arrest the cell cycle in response to DNA damage, so that
cell cycle progression and repair could be temporally coordinated (5,6). How-
ever, more recent work suggests that the checkpoints may play many more
regulatory roles in various cellular events (6). Indeed, they are now believed to
regulate the transcription of DNA damage response genes (7), the telomere
length and chromatin structure (8), the recruitment of proteins to damage sites
(2,3), the kinetochore attachment to spindle microtubules (9), the arrangement
of the cytoskeleton (10,11), meiotic recombination (12,13), meiotic chromo-
some pairing and segregation (14), and the cell cycle timing in the first cell
divisions of the embryo (15). Notably, the checkpoint signaling pathways can
also result in the activation of programmed cell death if cellular damage cannot
be properly repaired (16—-19).

The stability of the genome is under constant threat from chemicals, radia-
tion, and normal DNA metabolism. Therefore, 1f the checkpoints are not prop-
erly controlled, the cells may suffer potentially catastrophic DNA damage that
can lead to elevated mutation rates, chromosome instability, and aneuploidy,
all of which can contribute to tumorigenesis (20). Failure of the G1/S phase
and S-phase checkpoints to act properly is particularly deleterious because it
may directly elicit chromosomal aberrations and the accumulation of deleteri-
ous mutations, which increase the likelihood of the occurrence of genetic syn-
dromes and diseases such as cancer (21,4). In this review, I will discuss the
recent progress in the study of the mammalian checkpoints at the G1 and S
phases that guard the entry into and the progression through the S phase and
thereby ensure proper DNA replication. Occasionally studies on budding yeast,
fission yeast, and other eukaryotes will be mentioned if their observations aid
our understanding of mammalian checkpoint mechanisms. I will also focus on
the evidence that supports the notion that aberrant checkpoint regulatory mecha-
nisms may promote the incidence of DNA alterations that may lead to cancer.



