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Mutational Analysis of CDKN2 (p16-INK4A/MTS1) Gene
in Childhood Acute Leukemia

Chang Hyun Yang, M.D., Chuhl Joo Lyu, M.D. and Kir-Young Kim, M.D.

Department of Pediatrics, Yonsei University College of Medicine, Seoul, Korea

Purpose: The human chromosome 9p21 region that is a frequent site of deletions and
rearrangements in many tumor types including leukemias implied the existence of a tumor
suppressor gene within 9p21 which is involved in tumor formation. CDKN2 (pl6) gene
is located in the same chromosomal region. The loss of CDKN2 function is probably one
of the most common genetic alterations and is now thought to play a key role in
leukemogenesis. We examined the frequency of the point mutation of CDKN2 gene by
analyzing the DNA sequence and demonstrated the prognostic implication of mutations
of CDKN2 gene in childhood acute leukemia. Methods: We investigated the prevalence
of the point mutation in thirty patients with 20 cases of acute lymphoblastic leukemia
(ALL) and 10 cases of acute myeloid leukemia (AML). The point mutation of CDKN2
gene was analyzed in a PCR generated DNA sequencing technique. Results: There was
no point mutation in exon 1 of CDKN2 gene. A missense mutation (G—A transition)
at nucleotide 364 of this gene was present in codon 122 in one T-cell ALL patient and
resulted in an amino acid change from glycine to arginine. Conclusion: The point mutation
of CDKN2 gene was a rare event in childhood acute leukemia, but the inactivation of
this gene plays an important role in the pathogenesis of T-cell ALL. Further study is
needed in more cases of acute leukemia to evaluate the prognostic significance of the
alteration of CDKN2 gene in ALL. (Korean J Pediatr Hematol Oncol 2001; 8: 35~41)
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YNFFAZ A SAH o Z ehhs R
o] fA4 W3- Ff-H AHoncogene) 2] FAI 2R
o] AR} Lefu), Z ol o] 2] hikAl A ol A
Zokel A| el A} (tumor suppressor gene)2] EEA] 4
A(loss of activity)o] Fa3F 32 sjelele A
7k B 58 A Qi 2 ofe] Rl EFS}
FA|Eoll A Fekd AN ALe] H-8-4) H(inactivation)”
7F Ryl ledl A sl o] (point mutation),
7720 E(frameshift) FdH o], v]iEe] T4 non-
disjunction), 7Z<=(deletion) W Z|e} 3] W
€2 717AE Fslo] WAl Hlck 7 A
9l of| 24 retinoblastoma gene (Rb)’-2 7ZAlo]L}
AA AR AT 7E-E ANA] HFe] Pojup,
p53&9F2) 4|91 A= o] 3] A §}4=4] (heterogenous de-
letion)o] H x| ZFoke] 50%el 4] nkAyElc}.

F = AZEF7](cell cycle)el] vt e A+
g A3 7ol gk AdFtEo] Z¥E 3 9l
a1 o]yl QdfollA] AlEF7]e] Zb Aol uhel f
HH o FAHStE dovle vhiAel cyclino]
kA gl d e}, o] cyclin® CDK (cyclin dependent ki-
nase)?} Zgsle] CDKE #A)3hA|7]A] e} D-
cyclin® CDK4¢} cyclin-dependent kinase 4 inhi-
bitor (CDK4D)-A 2} A=<l pl6 =y CDKN2oj|
o3 A= CDK4IFAAS] H8det2 D-
cyclino] FpclsA] Wkl xvl Rbghw|eo] zpQlika}
(hyperphosphorylation) 5~ Z&#l}8}o] Gl phaseel]4] S
phase 2 2] o]8-g FprtelAl ZEA1sHA] =}, Cyclin
D13} CDK49] pe} WHl 2 g 253 ngFek 5
ol Baslo] GfAAEA 5ol A7
A2kl . kel p163} 71 CDKIse] CDKell
gk Al o] £42 Rbgh o] 2pQlikzte} 54
e ol AEZA o E Qo] CDKIs7h Fkd]
Al fAA ] & EFE A HA. Fulgl
A% ZokuljokA| Eoll A CDKIsO] sprpubale A
EF7)9] AgYat FopukAde] A=}’

oul AA gheR215-9100p2) = WE e =3
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sto] ZhE Fokgkaloll A A&} Aful o] Hivs]
Asle] Fohb A} Adtste] g Aol
gt Azt EAE Ao of AR AL Y. pl6
$2A op21ell S1xekv] oty A%, sigk, ]
Fokal w5 4% el FRHRAE o
mozygous deletion)o] MFA %] 9l v}, plﬁ'NK4A-?r3$j
Z}+= multiple tumor suppressor 1 (MTS1) & cy-
clin-dependent kinase 4 inhibitor (CDK4I)Z}al%
e A v FA4# Q) HUGOW % CDKN2e| e},
CDKN2§7] SR AGAEE FPALF oA
HlEls] Haiw] s glow, o]& A|ESellA CDKN2
F7412}2] exon 20]| 4] HI¥Is}A] nonsense, missense,
2AFzolE Falolst yehln Yok, o
S We jow-passage9} multiple passage HL60 »Y
] A ETFo] tidk CDKN2 -2 #42e] DNA% 7]
A B4 737} multiple passagedl] kAl £l 4] A
AEoiuole] WEsl o Hghvhn Bt w
ohA 2 ol A dof 4 WM RS A
DNASI7| 913477 CDKN2 9 o4 §-4122]
Edlo] WIS Yoy o] FAAe] Fadu
o]7} Hlf-E W AT Fe vX = degks =
Ak "l 2 H3 o] Qlrt

CHat 3 2
1) CHat
Al olzbie} Alugtag gl dolatol
dzte] FAMEY e 27 Akt 308E
e st ols T ¥4 HZFA ey

(ALL)Z 209, &4 74 wE¥(AML)S 10
#lgom, HL60 AEFE d=F o & o] &3)eic).

2) &y

() HAEHE AL wslwe) Qakah ol g
ol u 7] glsle] FrAlEol disl] WA xEHAY 7
g ehadt ol Algsigicl. 5 B IZ T ¥4
Z}2 CD10, CDI19, CD20, T ®#¥Z3 ZA|AE
CD3, CD5, CD7, 385+ ¥ A A& CDI3, CD33,
ZE 7L ¥ FAAE CD34, b4t A A& CD14
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HEE BAE Agelel A4 welgdpow o
A & S| £ B A 7] (Beckton-Dickinson, USA) & E
A5}l ).

A4 g Z3A wEgd 208 5 early Pre-B 9

aa:;] 178, Pre-B 2#ll, TAIE 1de]gle, A4

A s 108 F M2 58], M4 3], M5 2
E#I"Hi'—%

(2) DNA F£&: WMyug0] FFEY slide®
Bl gcnomic DNAE van Kamp £'7¢] ulyjoz
FZslgicl. & 200412] PCR (Polymerase chain
reaction) bufferOII ErkglideZ X E] AEE FHoll
o] £a|A1Z1ckS 37°CollA] overnight incuationdk
oS 95°Cel| 4] 15 7ld ¥ 108 Qb 14,000
rpme 2 YA Relslelrl. 1% phenol/chloroform
FZ3lo] DNAS Hg|sl9ltl. ATCC (American
Tissue Culture Collection) &2 X E] o1& HL60 Al
EF+ genomic DNA isolation kit (TurboGen, In-
vitrogen, San Diego, USA)E- ©|-83}o] DNAE
EESs=

(3) SO0l B4: 335 DNAES 5% DMSO
(dimethyl sulfoxide)7} 33F%l 50 p 1HF-S-ol] S35
4 A#mbEH(PCR)E o] &3le] DNAE 53}
it} CDKN2--A A= 3709 exonlo & F-A = o]
Pl olF 97% 5 XASEAL = exon 1 (125 bp)
7} exon 2 (307 bp)e] F AH-ES FE3s}elrl PCR
S 913k AbAlE= Kamb $%0] A3k 2F, 1108R
(exon 1)} 42F, 551R (exon 2)5 o]8-3}9lom,
PCRZ %L 05°C 5%, 60°C 287 WA A7) oS
AE LA ol 4] 72°C 15 30%, 94°C 14,
60°C 139 3ckA|2 FAE ulLS 30~3537)
HHERES-A) 7] 3L 72°C TH2F 1| at 4°CellA] B A
A7}, PCRZFA5E-2S pCRII TA cloning vector
(Invitrogen, San Diego, USA)el] subcloneA| 7. 2.,
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transformatongt 3 25712 white colony S Z]&}o]
small-scaled cultures 3} t}. DNA templates= Mo-
dified mini alkaline lysis/PEG 8000 DNA precipi-
tation procedureS o]-&a}o] A A|s}¢]rl. DNAS 7
2l AL 93k A= exon 13} exon 29
original primers®} ©]-&-o] o}-&3} 7+ 7}7)e]
5 AMEA S Alzste] K45}l Exon 1 (sense
5'-CAG CAT GGA GCC TTC GGC TGA CTG-3’
and antiense 5’-CAA ACT TCG TCC TCC AGA
GTC-3")3} exon 2 (sense 5’-CTC ACC CGA CCC
GTG CAC GCT G-3" and antisense 5’-CTC AGC
CAG GTC CAC TTT CAG AC 3)E A&3l9le
v, 3 9 o] ulz}A] vector AlFX|Q1 T72} Sp6 Ak
A= AL3)gicl. CDKN2
22] DNA <37]49d A2 Amplicycle Sequencing
kit (Perkin-Elmer Braunchberg, NJ, USA)E- A}-&3}
o] dideoxy chain termination®}*]-S- %3} PCR ge-
nerated DNA sequencing®. 2 E9iHo] of L& E
Aslgl 2™ 8% long ranger gel (FMC Bioproducts,
Rockland, USA)el] #7]dE ¥ Kodak X-OMAT

R3] = (Eastman Kodak, Rochester, USA)ol| 224
‘2'1-?* g gsle] Faiwlo] of K5 Il T
%l exon 13} exon 22] DNASI 7|4 d A A] sense
9} antisense®ldkol| 4] R DNA7| A LS 24
sho] &hlsld et

G442 exon 13} exon

e 1

ga 307 o] zob FA MPYIAEIA
DNAS] 7| A BEA7Z7}CDKN2 §-#7F2] exon 1
AR A EeiHlolF WA glgirh. Exon
2 AHolA S DNAZIAY 473 34 9=
FA EEBAF T AL E8Y WA 1904

Table 1. CDKN2 Gene Mutation in T Cell Acute Lymphoblastic Leukemia

Exon Nucleotide No. Nucleotide Change Codon Charlgc
(Codon) mutation
T-ALL 2 364 (122) GGC—CGC G—C Gly—Arg Missense
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Fig. 1. Mutation of the CDKN2 gene at nucleotide 364,
codon 122 in T-cell acute lymphoblastic leukemia.
A G to C transversion which causes an amino acid
change from Gly to Arg.

nucleotide 364 (codon 122)ol|4] 172] missense =
211 o](GGC—CGC, Gly—Arg)7} w7 = glvKTable
1, Fig. 1). 21 o]2]e] ZAlof|A= A FdolE
wekA gk

z a

#+ Kamb 57} Nobori 5”2 CDK4IF-A A&
FXAAFAAZ ARl om FLANEFE A
Ao g &k gk ol tol| A glioma FORA|EF 71~
87%, it THAET 60%, F4E FTEANEF
57~61%, sy FXAEF 25~65%NA F4
ARAES Bl dqESdsae] x5
ok A Eo| A% CDK4l GAAe] H3Ass W
3l glrl. CDK inhibitorg] CDKN2-3-2 217} $1%]
sk A op21F-glollA A= Zek" FA §
ZA s (ALL)glo}e] 7~ 13%0ll 4 o M)
7 {=(deletion)o] HrA¥slclar &}, Okuda 572
oul iAol del Ue Lot w4 HEZTA WY
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W 3kal 20% = 189 o)A ple/MTS19] A&
Astg o), o A7 G4l dlolo=

FAAFAAE A Sddolel oA E#AIs}
7b E]A%F CDRKN2- A 2= AR Al 9
a4 E84gsk7t gk CDRN2f-A 71e] S A3t
A AES AR A AR RE, TIE, T-A
E 4 dHEZFA o, A%, A94 A
& G AghellA] F2 st A Fdwel
FE2 A Al]h AEgelA WAy =84
v A E H9, FAE A A EQ A E B
3 ghek. el ALLellA] dEedwo] & 4o}
A% EYspo] £ =% Holth. ALLIHAollA
CDKN2-f-47te] Eedlols AR RaVel o)z}
=1 nonsense, missense, frameshift918 0|7} exon 2
ARelA i AR ARl 75 2099
ALL3lo} % o 1elloll4] exon 2AHI A d Sol
wol & wslglon] of $AE TAE Wl
gAolle). 2Ae] ZASE TAE gae] Zol
& 3 FAol FRA AES 3ol ATt
WY £ A4S e T Ak olE
wolglel. ALL7Rg-ulA T-ALLe| ‘S8 A3t
2] 25~83%% x}A&}H precursor B-ALL-S-
st wlEsh Yek10%)". el A A 5

A L= R [
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A il 218 F 4el(19%)NA 58
AES WAsglon, o)F 4ul BF FA T
T4 o)A Bs| ek
CDKN2§-5#F2] EAfo] Ko} ALLZIAES] $
sk group)dte] ABA S A HT o FE
94 (high risk) Wi EAFEoll 4] CDKN2
AALe] 7ol FabE ek, wpebA] o] FxAL2
2L AGFA] AR A vlEk, 104] o] 4),
mE 7ol TAE E88 53} v)o] ol ue
912} (unfavorable prognostic factor)2} ¢dzto] E&
Aoz Bauwde}?. ek Kees 5V 4o} ALL
g} 48vF 9 (18.3%)oll 4l CDKN2f-H2k2] &
GAHG Aol FTutEglen o] 3a F TAE
ol 625%, BAIFAGe] 10%o] vt st3lr)
AR ZAEo] FubElA b2 AT 49 T

ol o2
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AEgo] 853%0dl vlste] {AA AL Fukr
2 26.7%&4 CDKN2G-HA} 7Z<=0] Zukxl ALL
gae] AEEL HAEo] Fuks]A] ok 3AtE
AEgo] dotria sl

Zzop ALL3HAbO A Ao FRHAHE AL
Akg 3 AEET] JAL o] zAZ npoll
olshl Z{o] Fubsl $hAE2 A-E(risk factor=
14.0)0) =3 Al (risk factor=15.6)% =2 % o
FEE iAo 2 o =AE A9l
TA|ZE ALLZHA | A = 24.6%0l A A2} Z <ol
SutElglon] oA Aol T-ALLSAblA % ZE
EHF 3Rl A AEFo] Ugkon o FEEkal
Az AHE7} 2o Aog Husiet?. A
Eqiwol7} kARl E 3Ae] ASE =7 Y
F|o] Agslg et

Drexler 5V& 139k WbEE = 3
73} CDKN2-G-A 2 22 ALLEHARl A 30%9]
Aol A ubAisle, T-ALL$HA= 50% ©] 4l 4], B
cell precursor ALL¥}FAF= 20%0l] 4] SHlkx] = Zlo
2 245k 4 54 8 s (Acute myeloid
leukemia, AML)Z}A}el]2]3= CDKN2-8&-# 2} Z<=2]
W57} 646W F 139 = 2% AEo|Aur Bas
AEZ o9 G2 v Jehta Qck B o
TFoll A% 209 o] AMLEIA}l| A Z4=9] Ml % o
2d A selol= WA A ¢kkrl. ALLe H]
slo] WhA GIZ A wEy, opIA EF, T
A 8y, FolyA FIFolAE o] §A
Ze] ZALEHE L ol Y Zog HuE .
A3 HAEE A EF(cell line)rl A Fok
A Eoll A HE7} Fom'?, A FAEelA A
dwlolo] HIEE ofA ZAZE |A9HS A9
I ol $ G Aog BuEYd?

Qari 572 46w(0]% 61 T-ALLE3H)O] ALL
#2}ol] 4] multiplex PCRZI A& E3lo] plo-g-4
2ol EFedwlel s ZARE 743t 1ol A nucleotide
2738 ol|A] G—A transitonS HbA o] vIE7}
$ GokSS B39t Maloney 5702 187 2]
AtEl o} ALLEHAFOIA] X3 ZekA| e} A A]
o] FFAEolA CDKN2f-A A o] AEg =46}

Ma
it
o

L

fr =

Ak o]F 4ol FckdA|e} AkAlo] {7z}
Ae] A= R o, A 147 F 3HelA &
AA] GG AE 23S APptAl ot <o)
WA ek whebA] 4o} ALLEFA}oll 4] CDKN2-
A 7pe] 71544 L AukEl 4o} ALL¥FAFol|A] B
o) A F8 UL = Ao ofAX L
St

2R CDKN2GAH A= AEFE7|WE posi-
tive regulator?l CDK42} CDK6Z ¥7| Gl/Sol3l
7l AL ezZH FFAA FAAe] A%%S
st Ao HrlElx ¢lrlk. CDKN2G-A 7k &
A8z Lo ALLEHAL 53] T Al vl gl A
5 A o] whalsle] Ux Ao} wi W 3hA}oll
2] carcinogenesisS o] 3lj3l= o] £ H Ao
H7kslar Qlet. ob4] % Ux W A FollA A
Edlole] WIxsE U2 Aol Wl e v @
Zeloll A =47} o] Foi A AL, ZH o] Fukyl sha}
ol 4] Q1A o & o fete] Al vl A o F
ArZA 9] eJu] = A A7} wlofof & Zlo|rh

2 o

S F: o od A gkl 21789)(9p21) =
E3bslo] ZbE FokghAlol Al AER) Afui ol
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o9l ghfAIAT EMY Ao g JAA 9l
tl. CDKN2(pl6) &A= 9p2lell f1x|shH, o]
Az 715 8ae 34 FEFA el
7t 8 A W shioln] widy Ay
el Fest A% slele) AztEQdck 2
Al A= Lof FA Wi gk Eoll 4] DNAS]
7| QR4 CDKN2R-A14e] Eelnle] W
5 ez H o] fHAe] Eeinio]7} of| o
X s 2AsE o 53] Ut

2 B F4 WEyoe s gk 303 E uA
o2 A FdwlelE At olEF ¥4 ¥
ZAd wgee 208, JA4 FIT4 gy
108|990, 7|4 dE 4L PCR generated DNA
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2 1} CDKN2G-H72] exon 1 AHoA+= =
Qule]l & WAAsA X&tqlck Exon 2 Aol 9]
DNASIZIN G BAZ3} TAE 34 dZF4
wudglka} 19 o] A] nucleotide 364 (codon 122)¢]A]
170 2] missense E<drio] (GGC—CGC, Gly—Arg)
7} ¥k %] 9l ).
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