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Akt Expression in Acute Leukemia Cells and
Its Clinical Significance
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Background : Disturbances in apoptosis through phosphoinositide 3-kinase(PI3K)/Akt path-
way is thought to be crucial in cancer cell immortality. Enhanced expression and activation of
Akt was investigated in several malignancies but not in acute leukemia. We investigated the
expression of Akt and phospho—-Akt in acute leukemia cells and clinical characteristics of

Methods : Bone marrow cells from patients who were newly diagnosed as acute leukemia
and healthy volunteer were obtained and analyzed by Western blot analysis using monoclonal
antibody against Akt, phospho—-Akt (Ser473), and phospho-Akt (Thr308). Clinical data were ob-

Results : The expression of Akt was demonstrated in 27 of 43 cases (63%) and phospho—
Akt(Ser473) was noted in 24 of 27 (54%) Akt—positive cases, respectively. Phospho—Akt
(Ser473)-expression group showed significantly higher initial WBC counts compared to nega-
tive group (~=0.003). By chromosomal analysis, patients with Akt expression did not show any

Conclusion : This result suggests that Akt overexpression and activation is detected in
acute leukemia cells and might have a role in molecular pathogenesis of acute leukemia.

Key Words : Akt, Acute leukemia, WBC count, Karyotype, Cell signaling
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MEIARE A F 7R @E Z, caspase proteaseQ]
E37t S410] TlE AFE 487 (death receptor) o] 2
wE 429 mEFt=gof 74§(m1tochondrlal pathway)
7 e e ol & F 429 b2 SEAE &
St A2 1A 7189 d3do] o] A3 EgolA] BHelA
=g o] & GHZEIAE YENE phosphoinositide 3-
kinase (PI3K)/Akt pathway® I8 (overexpression) 2
4849 5} (overactivation) 7} S} ¢jolct. ?

Akt= AKR mouse®] APLEE&AENA As wHdd
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254 WS H 2 501 SHMEHNAM Akt Z&I 1
retroviral transforming oncogene®! -Akt®] homologue?!
c-AktZ 57,500 MW Ser/Thr kinase©]rd PKB (protein
kinase B) 2 Rac protein kinaseZE E2Ich Y HaE O
& DNA &4, AR &3 W Al F719] o]do] &z
B AQ S04 MEAMHe] £Q38F HES s’ HAL &
3ol 229 shiz SHIEZ AL 2 A EYES ERA]T =
AOR QPR NF- BY 84S AL AI@T ol
AE o1&BI0L} 91eBler A 01X} insulin-like growth
factor; 1GF),? anaplastic large cell lymphomaoiA] t(2;5)
(p23;q35) FAAF Aol 98 LIER= nucleophosmin-
anaplastic lymphoma kinase (NPM- ALK) &%} thill S0]
AKtE 245} A171E AQE HEALE” 6, A9 Akt
ZY3+E AolAle Thr308 BE S Serd73 W] Ql4t
a7} Baskt

Akte= 2431 H PI3KY At=oll 9Jal
oo 2AIA H 124 procaspase-92
caspase-99] &d3lE AMGH=
doll #AskE AAL QIALE EESlell FLIP 3de &
Ol5HAl &b B|EFZEE]0FEEEY cytochrome-C FEIE
AAGld MELALS GAIBIEL Y ol & o] 2EHOR
£ oncogenic receptor tyrosine kinasel} Ras Z¢1H0],
ber-abl S8 TR S92 ZHEol 9o AMIH ¥t
Eblle Ao Mzun Eg| Akt QY] RHYE
o] 71od6k= 7180l tumor suppressor gene®l PTEN E&+
g3l 9t geko]l Zgskelele 547 MY
oh O & Akt 84 B7ke MELA] BAGH:
T A W ThHO] g S RESI S ES
Z (immortality) & BAAF71=H 716igHc) 7
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TFoudy |9 4 TEIMEE Ficoll-Hypaque
(Pharmacia Biotech, Uppsala, Sweden) STEAIRECIHES
AtEslol 2elsidict. 2319 AE 2o MEE 10% fetal
bovine serum (FBS; GIBCO, Gaithersburg, MD,
USA) ¥ 10% dimethyl sulfoxide (DMSO)7} g5%
RPMI 1640 v (GIBCO, Gaithersburg, MD, USA)
o MEF AIZ] Foll A3} ool WSalo] -70TCol| Hast
At G ZFFAEY F2ole AlE Hi9 TUSE 9
gl MiniMACS® CD34 cell isolation kit (Miltenyi
Biotech, Auburn, CA, USA) & 0]&35} &4 Tl &=
9] CD34ek Mzuks 2flcld 22 YHoE XEsIA
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1) B £5

S2 A% AEES 37C P2 $201M IS4 PBS

241 2218 5 0.3% tryphan blue EHO T AR50
hemocytometer2 A ZMEEE (viability) & S851 4
EL7F 90% o101 MEE AEsIdet, AIgH o A
g 5x10709) ME7} EEE LFo] SDS sample buffer
100uLE E3d1A17] F 2% T} sonicationdFL 95CHIA 105
I} heat block SIAE. FEF TR 4TolA 400¢2 1&
A B2l AREE ui7bAl -20Col 2SI
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2) Western blotting

(1) SDS-PAGE

Hoeffer®™ Mighty® gel cast (Pharmacia Biotech Inc.,
Piscataway, NJ, USA) ol Hoeffer® gel glass plate (Phar-
macia Biotech Inc., Piscataway, NJ, USA) £ A5}
12% acrylamide ruuning gel?} 5% acrylamide stacking
gelS =1 pH 8.3 SDS-PAGE running buffer
(iNtRON Biotech, Korea)E F7|1¥9& chamberod] &
% SDS-PAGE prestained standard low range marker
(BioRad, Hercules, CA, USA) 10uL %! Ixsample buff-
er7b A7FE FHlEo] Qe proteing 247 15ul A
loadingd}1L 120V, 100mAoA] bromophenol blue’} gel
O] LetHol| e WA A7|18 SaIirt

(2) Transfer

7Y E0] Z1LFH pH 8.3 transfer buffer (iNtRON
Biotech, Korea) & AMZ5l0d 350mAdIA] 4A17F &0F
nitrocellulose membrane (Amersham Biosciences, Pi-
scataway, NJ, USA)ol THEE 0]ZAIZiCh

(3) Immunoblotting

5% non-fat milkol 44|17} 012} HIEO|A TS LA}
i 1A GAE 7 A ABEE SEE 5% non-fat
milkol] 34438+ F 4THA] overnight SQF HF2A1F

2y ZEE OME 9 k2 g-tubulin  antibody
(Cedarlane, Canada) £ AME51d normalizationd}S3
AYESH 1A} gRE E5 rabbit antibody® Akt (Cell
signaling technology, Beverly, MA USA), phospho-Akt
(Ser473) (Cell signaling technology, Beverly, MA USA)
9 phospho-Akt (Thr308) (Cell signaling technology,
Beverly, MA USA) $iC}.

A ZAE vksAlZl Fole Tris-buffered saline-
Tween (TBST; 1X TBS, 0.1% Tween 20) & 1027} 35
AASH & 2%} A (anti-rabbit antibody, Cell signaling
technology, USA) & 2417} S0 HF2A|7] 1L TBSTE ALE
ot A& S 33 25T

(4) Detection

ECL chemiluminiscent detection reagent (Amersham
Co, Arlington Heights, IL, USA) £ o]&3dl 22 15 &
9} 18, 387 =EAIA otk

3) &k Xz

FENEE A9 A B Qg I8 V1SS ENE T
o gA19] o], A, TR El wiE T X9} nisA

X
(blast) & £&, lactate dehydrogenase (LDH), &4 9

WEEO| A& 9T, T4 XA FAY ME FUE Y
B o] GR, Bt AE AR W AR G, Y A
B E AL SR, ANYETRR, BEAEN 59 9y
X BXg SR 0T ZAIIC

4) EH =24

Akt 2 B 243 970 12 Y48 280 Hlas

Chi-square test, independent-samples t testE AFEG19
1, MEE v| 1= Kaplan-Meier survival test@ log rank
testS AFZSIACE PErol 0.05 RIER] ALE EAFQ &
ool A= ACE THEIN L Windows-SPSS release
10. 05 AFSol] =851

e 1t
1. CHAH 2tXtol AME SM

FHEEAENEYE U &
274191 63%0lA] Akt &
phospho-Akt (Serd73) w¥sio] ZaEATCE (Table 1, Fig.
1. Akt @S Hol= SARES] Zet GA] Ea o iy
T

T Al Akt Holg HOIA &=

z
M

Sy 2R} 438 S

Table 1. Akt and phospho-Akt(Ser473) expres-
sion in acute leukemia cells and normal bone
marrow stem cells

Acute leukemia

(N=43) Normal control
—_— (N=8)
N %
Akt expression 27 63 0
Phospho-Akt(Ser473) expression 24 56 0

1 2 3 4 5 6 7 8 9
B

ARt _ : 'A" “ ‘::. ‘. _"";‘f‘_ 4
s [
a-tubulin (I - - -

Fig. 1. Expression of Akt and phospho-Akt (Serd73) in leu-
kemic cells. Samples loaded from No.1 to No.7 are acute
leukemic cells. From No. 8 to No. 9 samples are normal
bone marrow stem cells.
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Ql 9ul= GARATH(P= 0. 262).

Phospho—Akt (Serd73) 9] W3} v FS |6}
Ae e Akt LalTtollA] Rt gA] Wi uy
9Ju| 0‘711 =QFL (P=0.003), 1 2ol LDH,
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Table 2. Clinical characteristics of acute leukemia
patients

Akt expression

Positive (N=27) Negative (N=16) g
Age 49" (17~68) 51" (17~66)  0.202
Sex (M:F) 16:11 8:8 0.55
ALL 8 3 0.429
L2 8 3
AML 19 13
Mo/M1/M2 317 0/2/3
M3/M4/M5 1/4/3 2/4/2
WBC (10°L) 63* (2.3~444) 170" (03~156)  0.008
Blast (%) 5 (16~ 90) 465 (12~ 92 0.677
LDH' 5 (06 276" (082~126) 0778
BM cellularity (%) 90" (35~ 100) 90" (60~ 100) 0.367
“Values denote median; " ratio to upper normal limit
Abbreviations : ALL, acute lymphoblastic leukemia; AML, acute

myelogenous leukemia; LDH,
marrow

lactate dehydrogenase, BM, bone

Table 3. Akt expression and karyotypes of bone
marrow cells

Akt expression

Positive Negative P
(N=21) (N=14)
Good 0 7 (50%) <0.001
1(15:17) 0 2
1(8:21)(022:022) 0 4
inv16 0 1
Intermediate 15 (70%) 5(357%)  0.091
Normal 14 5
47 XY,+8 1 +
Poor 6 (30%) 2 (143%)  0.121
1(9:22)(q34:q11) 3 0
del(7)t(9:22) 1 0
1(3:5)(q21:31) 1 0
45XX, =7,+15,+16,21,-X 1 0
1(5:9)(024;022) 0 1

7¥ol e ul Akt ©ele HOl 278 & G4 dAL 29E
SIE 4= U B271 21HREnl L85 E2dFE H
Ol YAA o]4E 71K Tl ol 42 %l B
FE9 a3} LI o5 Hole gA o9 49
Z¥7: 15819} 63171 ARJTE AktE FH6HA] e T 14
tl & GAA HA 2HE 201 ¢ U 7oA E2
o2, B 89 ole W LR dEE Hole 497 7
7+ 5¢], Z213L 28] Ut (Table 3). Akt 2alTto] 451
A1 phospho-Akt (Thrd73) £40I1E 38 £ 287} L}
B & E Hole 7ol ol UHA 1= 753’8 ELlEss
7HIC. —;L@H—féé‘g@l Al ol 22}e] Aol BElo] BEiA]
Al @2 g & shiel 47 XY, +Y dg S 7m 179 4
S Akt 2l 2 HOJA| eiker &7 AzlolAl= A LIl
Ch

3. Akt &S OiR0ll ME XZE Zuet MES
1) Akt 25 0{5e} X[E Zu}
Akt BE9] 57t R B vl nxleE S
7] 951 Akt & phospho-Akt (Serd73) BFelTy
9 A E A& "ol AL, SFoEZ s
ZulE o] Qi A1le) of

oT1T=E 0o

Hol &= & T C
E‘ﬂ% A OL}, Akt HRH T

Table 4. Akt expression and treatment response

AKt expression Phospho-Akt (Ser473)

Treatment expression
response

Positive Negative Positive Negative
ALL
NR 3 0 2 1
CR 4 3 4 3
P NS NS
AML
NR 6 2 6 2
CR 12 8 10 10
P NS NS
Total 25 13 22 16
Abbreviations : ALL, acute lymphoblastic leukemia; AML, acute

myelogenous leukemia; NR, no response; CR, complete remission
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Table 5. Akt expression and survival duration

Akt expression

P
Positive (N=24) Negative (N=13)
Overall survival (weeks)
ALL 19 (3-105) 38 (17-48) NS
AML 21 (0-154) 4 ( 0-36) NS
Disease-free survival (weeks)
ALL 2 (0-44) 33 (14-33) NS
AML 15 ( 0-67) 6 ( 0-78) NS
Values denote median.
Abbreviations : See Table 4.
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PI3K-Akt ZZ7} A 21| SUFQ] &8s dl= A
AHAHA o 1g GdE3L R g &
A19] Akt 2 Bl 24519} o]9] AHZOoL) M2 ESH =
2 gdA gnjo] tidl thE o E AT AL S5
ey Al 2ZoA AktZt 2h= 9fu]of] thalAe LedLd vt 8l
C}. Akts= PKB 22 RacC 2% E8192™ IGF-1, EGF &
S9] TIJSH growth factor
interleukin-6, macrophage-
colony stimulating factor & A W EA5le o] 7Rl
Aojl 95 BuslEm? 22 ghEo) s, g
‘2%4@ XZ% & T 9ol Az} BAGK E
0l 71doll Q3 dgs & ASE d &

Akt BF8lot 2 phospho-Akt (Serd73) 2ol H]wks
T H IS W BE Y wET X7t 9] A STt
o] A CLE o], LDH &9 THE o] 2QlAtol| JlofA &
EAMOZ on| gt x0]Z Ho|X| 2ok}

=gy Rt Zet A9 i B & @AA o]

=y @ﬂ—‘?— IRRIH & &9l Ayola] LSS o

ool A AktS el 5}

ETfcloZE B

basic fibroblast growth factor

S} insulin, interleukin-3,
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Fig. 2. Graphs showing survival duration according to Akt-expression in ALL and AML patients
(Overall survival of ALL, disease free survival of ALL, overall survival of AML and disease free
survival of AML, clockwise from the left top). For abbreviations, see Table 4.
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ZoR) == MEZ Akt, phospho-Akt (Serd73) &
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