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Summary . A case. of pyruvate kinase deficiency anemia associated with acute
monocytic leukemia is reported with a review of the literature.

A 57-year-old man who was treated for diabetes mellitus at a nearby hospital was
admitted to our hospital for precise examination of the progression of anemia. Blood
examination showed RBC 207 X 10%/u1, Hb 5.9 g/dl, Ht 18%, reticulocytes 134 %o, WBC 5,200
/ul, platelets 9.3x10%/ul, indirect bilirubin 0.6mg/dl, serum iron 112 xg/dl, haptoglobin
under 10 xg/dl. After admission to our hospital, serum indirect bilirubin level was increased
to 2.3mg/dl, and pancytopenia was noted in the peripheral blood. the half life span of
erythrocytes had shortened to 16 days. A bone marrow examination revealed prominent
erythroid hyperplasia. More detailed examination of this hemolysis revealed pyruvate
kinase deficiency of erythrocytes.

Three months after admission, blast cells were noted in the peripheral blood and they
increased progressively. The bone marrow contained 43.69 of blast cells. Subsequently, a
diagnosis of acute monocytic leukemia was made.

Although intensive chemotherapy was performed, the patient achieved no remission
and died 6 months after admission to our hospital.
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Boivin et al.”i3, MKHEBEZE 202 Flico - THRimEk
A vBeE s —+ (pyruvate kinase; PK) fE# %I
ELTED, SEEHEAIED 39 %, StEHEER:
HIRE D 20 %icikimEk PK IEHE T #5RD e LG L
oo DR, BMAIR, BHEEE SIS E R
fEEEE (myelodysplastic syndrome ; MDS) 7x & D Ifi¥g
BB\ T, BID 5 \IER OSBRI RINRERR
# (acquired enzymatic deficiency) O& &4 7ed b
TROHEBHALMCEIhTED, &hbIHRMEK
PK RZIEDEHFENEER L ShTW5. 29900 5%
KEERMBRBERREE T, —RCEREEDOETIR
ET, RRMcEEOBERYET S Lidd iz,
SEEE B, FRINEKPK EHETCERTSEE 2D
5B MR I OB T A BRI A3ERE LA
1ERIZER L ico THRET 5.
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RIEE | RIIERFREBERD D, LHFEETRLT,
& IIMAEZE CRET. IR RS IRAE BT TR\ .

BEAERE © 50 BRR I Il RS,

BUREE | FBAN 45 SR KB IR & 2T S h THRBE °R
PYERFBIRIC X AR CR D, BB 55 Fb bk A
VAY)VIEERCEREIRTWS., Lal, Zoiiidic
IR RO REHEB IR T BBRIG8ET AT
AHEHBRRE L OHEROBE - BUhE2EEL
TEY, RECHERTHDCEEYZZ Lick 25,
Bl FIELXEFH I CTRAE 9 B 20 B M4Bhc AR
L.

ABEREAE | Bi, 9. H K 167cm, £FE 49kg.
DR#G 96/4, %. iR 37.2°C. REEREBICEE O %Y
RD B, HREGES X OCRECRGLR . REY v 2
Hidfha Ly, B cilhESc Levine I1EE o INHE
B 2 BEECT 5 4%, PR RE. EEEOEE « BCiF
BB BERAMLUT. TERCEBERZRL, HRENR
HHRD BRI,

AR R | R MIKFT R <X, EREEERRNE
Eifl & AR MERHEINAF8D b, RIMBREKDRRE &%
etk BR L, MMRTBRECEAD LT\ esd, JMmBk
BB X OSEICRE X e h - 7 (Table 1). BT
B 25.6 X104/, M/E HA30.84 TH b, 7K
FERAMOBHR LR Lich, BIBERE v FRFR
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ERFHRPBRGFR LRI Lot T, HRFFHR
MO 8 % PAS Befaic X b OV F AMRBME R R L.
BEESFRS L ORI EHROESRIEEC LR LT
2%, R O BB R A ST O RE IR D
bk iz (Table 1, Fig. 1). R T, REAITE
HThHoedy, REEMNS5.4g/dl, R7 + 4K 80 mg/dl
TH ot MBEEFERE TG X OBERIECRE T
B bhich o e, ZERFME L 286 mg/dl i ER L
T\ie, M » A4#H1%, pH7.31, HCO;~ 9mmol/1 T
By, REMET v P - 2RDFELXRLEL. 2D, K
B IBERIEMEY 7o F — > ADEHITE I i,
E, ~7 7 e € VIXAIEREL T OEMEERR LI,
MiES, MmiE Vit B3 & OIfEERE I T b EFER
& -1z (Table 2).

ABEHIEE  ERFR R L OERBFES P 7o F -2
TR LTI, v AR) viRE, REREYEEL, A
B imoRREEY B Lk X O THMLEEY,
BERREERE, FBEE~—» — oW THRE L,
AMcBIET 2 REFTRIEShith ot HEL Y L
EVIIABRYEEERC D - 7oy, XEEF (0.8~
2.3mg/dD L. & bt Ok mEkEMm & ~ 7 b
7 e € VvOETHRDbRDT, KEICEHMmEE I
A Licd o EHER I Wi, S Cr RMnBkFHFa12 16 B (E
W T1/2 25~35 ) WML TWiedd, 7 — s 238
LU & THREFNRE, BE~E7r Y, Ham
#B&, Donath-Landsteiner i, & @ERINITH
YREBRI N ot. FOT, BMMEEIMmAHRMERA

Table 1. Hematological findings on admission

Peripheral blood Bone marrow

RBC 207%10*/ul  NCC 25.6X10%/ul
Hb 5.9g/dl Myelobl 8.0%
Ht 18% Promyel 7.4%
MCV 89f1 Myel 12.8%
MCH 29pg Stab 3.0%
MCHC 33% Seg 2.6%
Retics 134% Lym 3.6%
Plts - 9.3X10%/ul Mon 3.6%

WBC 5,200/l Erythrobl
Stab 5% Proeryth 0.6%
Seg 53% macro Baso 2.4%
Eos 2% Poly 1.6%
Lym 40% neutro Baso 6.4%
Mon 3% Poly 40.0%
Ortho  1.0%
NAP rate 91% Mitosis 0.2%
score 388 M/E ratio 0.84

Chromosome 46XY
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W, ¥l OFEEIIEBM 2R L (Table 3). FEE
17 ¥E Fr El 4k © phosphoenol pyruvate 2% 86 myM/ml,
2-phosphoglycerate 7% 42 muyM/ml & \WTFh b EfE%
Rl 22T, AFOREMMEEMITRIMER PK {EHE
TR % L2 L. ABRBIEARMERE D 4 TR
BEBHEL COWeh, BRI, R0 RFRREY
B e BHRFRESROBRE FF(B.0~13.4 %) &R L

fo. —0F, RMEIMIEFT R, 10 Ao bRl o [
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REBAEZEL TR, JMRBDT—FK L. Lol,
12 AR h BRI E MR s X OCBBR R E 5K
DER, X HIITKHILFCEFREMRO HELRD b
e, BB 59 4F 1 A o B 8T R Cl, BRMREIT 42.2
X104/l CHEIML TR Y, 5 bFEEEMEN43.6 %%
Hdde, Z DMl 8 % peroxidase Bufaic X b BB
R L. Fi, KEH OFHREMIEIL o -naphthyl-
butyrate esterase FfICHEBHER L VU7 vy — [
ERBRICX Y BEER L (Fig 2). RAFCmEY V'
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Table 3. Enzyme activities in erythrocytes

Table 2. Laboratory findings on admission Enzyme Control Patient

Blood chemistry Serological studies 1. Hexokinese . .0.23  0.54
TP 6.0g/dl  CRP ) 2. Glucosephosphate isomerase 14.0 19.9
T Bil 1.0mg/dl ASLO X 40 - 3. Phosphofructokinase 2.54 3.03
1 Bil 0.6mg/dl RA ) 4. Aldolase 0.83 1.30
GOT 231U/1  Coombs 5. Triosephosphate isomerase 591 716
GPT 20 1U/1 direct S 6. Glyceraldehyde 3-phosphate dehydrogenase  25.6 39.5
LDH 417TU/1 indirect IS) 7. Phosphoglycerate kinase 29.9 41.3
Al-p 6.8KAU LE test IS) 8. Phosphoglycerate mutase 11.3 22.3
Ch-E O.ZQADH ANF (_) 9. Enolase 3.75 5.50
BUN 2lmg/dl  Anti-DNA Ab ) 10, Pyruvate kinase 6.25 2.67
Cr 1.0mg/dl  Anti-leukocytes Ab (=) 11. Lactate dephydrogenase 39.7 59.6
UA 4.1mg/dl  Anti-platelets Ab =) 12. Glucose 6-phosphate dehydrogenase 2.56 5.04
Fe 112ug/dl Donath-Landsteiner (—) 13. 6-Phosphogluconate dehydrogenase 2.67 4.01
Vit By, 430pg/dl  Paul-Bunnel ) 14. Glutathione reductase 2.50  2.64
Folic acid  6.0ng/dl  Cold hemagglutinin (=) 15. Glutathione peroxidase 7.69 18.3
FBS 286mg/d1 Haptoglobin < 10mg/d1 16. Adenylate kinase 96.3 92.4
17. Acetylcholinesterase 0.77 0.74

.

Fig. 1. Bone marrow smear on admission, demonstrating erythroid hyper-
plasia. (Wright-Giemsa stein, X400)
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— AEH 72.0 pg/dl OFEAE, RV V5 — AEH 306.0
wug/dl OEEERLI-C &b, AGIEEANEERYE MM
# (FAB 48 Ms,) 2L b o LHM L.
SAMEREAMFCHLT, 28167 vF=yry
tvzakrkA7 7 I FOBRERBB LS, SRETED
bhichol. 2T, £F9/<4vY, 6-MPRIO
FrN=Y e vORRBRECER L LA, FEIEMHN

N EVERF - ERZEED 16l (217).
REED Lic. L, -3 B bREERRMRAE O8N
Licie®d, BH-AC N %7 4 HEHHRBERER L7223,
SEEEMIELRT, 3H 13 AMERLI I VIETL
fo. EEEBFT RSB ER L B Th e (Fig.
3, Table 4).

Fig. 2. Bone marrow smear at the onset of acute monocytlc leukemia, demon-
strating blast cells. (Wright-Giemsa stein, X1,000)
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Fig. 3. Clinical course.
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AN, FMEHEBREAMBORIEICET LTI nAL
B U AWM R & ARIER PR IEHE T 288 LS
EFITH B, ARAOWMBFIZOWTIL, RERERR
DR MBRENE REER TH 5 PKIEMDE T DA TS D,
Z OFEMAE T HAIES CERD b i3 % MHE—n
RREE 2 bhi.

(1) R X OBRERIMEK PK RZHE

FRIMER PK RZMR MR, EEEIERRR S
BMORFN LS DTHY, KBTI 1989 4 % T2 57
F% 65 GIANERE X T 5. VRIS RE Rt kB MR
BRI L5 L350, BEOBMERYETH~7
rEFORRS—HMBR TS, RER, £TFRX

Table 4. Pathological diagnosis in this case

1. Acute monocytic leukemia
hypoplastic bone marrow with histiocytic and
lymphocytic proliferation and focal hemorrhage
Pulmonary hemorrhage, congestion and edema
3. Pulmonary tuberculosis
4. Diabetes mellitus
microangiopathy of kidney and other organs
5. Infarction and hemorrhage of spleen
Fatty infiltration of liver
7. Atherosclerosis of aorta

X (fl 64D

D BRI A R 2 Te CREBI A B SR RIE S h B ILc E
% ¥ T4 OREOHEMEREEY. £OEAR, KIE
ORI PK IS ERIETFERCHET 5RE PK TH
50T, FEFIC X h BERER OBRE OB RGN O REM:
BRRDBIDEEZDBRT V5.

—7, ik PK IEHAE T, BEEMEBRET R
B35 bo4tic, S¥AIRK, BEEHEaLRES 5
Wi MDS i 5B AR RUBRRETIC L 5 Db e
ERTWB. 2 BHERME PK KZE TR, RNk PK {E
B 50 BT IAE T35 & & 13F T, BRI %
MIERERT Z &3 E ShTwb, 09
(2) HIMFBCETT BRI PK RS AE

BRI 56173 5 e Kk B 5\ I RikR ik PK X
SR D\ T, BT TIRAIBE 3 F9-7,
ENET LA VOHENRZ LIS (Table 5). Thb
DREBNE AR % DN 2 7§ 8 BT 2\~ T 2 DERIRAT R &8
HLThBE, FEMICRFBRMER PK EHIZER O
20~51 %, F#31.6 % LBEETLTH Y, KR
FRIER PK EHHE T IRRT 5 KBS h 585 2el
MmMAFRAPE LT\, &, 84IH 7 GloRMMIET R
TENT, D B\ XA MR REE R MR & 7o
% bicytopenia DT\ 5. FHEIILEHADKRIERSR
BB ER Lk, FTROB S 2 E 4 fI T BHRER
WERABE FR LT MDS EHlomEii REE L. &
b IR MER B0 B ~1 DA o Hie i s e

Table 5. Hemolytic anemia with pyruvate kinase deficiency developed acute leukemia

Case Age PK activity Pathogenesis Peripheral blood Bone marrow Morphological Outcome
Sex (% of normal) of PK def.  Retics (%) diagnosis

Goebel® 27 51 hereditary pancytopenia EH AMoL —
(1975) F 100

Helmstéddter® 68 20 acquired leukopenia EH AML dead 2M after
977 — 90 onset of AML
Tanaka® 49 20 acquired pancytopenia EH AML dead 2M after
(1978) M 28 EB onset of AML
Ohta® 57 26 hereditary pancytopenia EH AMMoL dead 5M after
(1984) M 100 EB onset of AMMoL
Kornberg!® 27 29 acquired pancytopenia EH AML dead 1M after
(1986) M 100 EB onset of AML
Balasubramanian' 19 50 acquired thrombocytopenia EH AML —
(1989) F 120

Teki” 44 15 hereditary anemia only EH AML dead 11M after
(1990) F 23 onset of AML
Morita 57 42 acquired pancytopenia EH AMoL dead 3M after
(1991) M 134 EB onset of AMoL

EH ; erythroid hyperplasia, EB; excess of blasts, AMoL ; acute monocytic leukemia, AML ; acute myelocytic leuke-

mia, AMMoL ; acute myelomonocytic leukemia.
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MRRHEL TS, 2F D, FKRiER PK RZEEMmEE M
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~BAT LI FEH & FEEIZ de novo EMHIMBICE L T
EhDTRBEVWZS. D EDBEKRNE#EZ D5,
AFE AR MER PK IS K TS8R4 % % 1M A I i 5t 3%
L CIERIEA B B\~ i3 bicytopenia # 2 L, WIS
H B LB R A R OB TR B B B IS A RAE S
BFETBORBEZ 5. '
() AMRCETT 5z PK XZHEDKHA
FRIMER PK IEHETOREBEL T, BEcHszh
7o 7 Bid 3 FIONSCIL i E ORI IC b PK IEHE
THrRDOIATE D, BEMBRERECERETAC LN
REEXh T3, Iekietal”i}, BIDREETT BHR100
B PK RZHBMUEB M ORIECO\WT, BEEHC~T
e EARET 5 BEROKEAAIMBRE 27 » — v OB
CX YA LrDOEELSZTCHRNAERE I i LR L
fo. UL, REORIECEET 2 BERRROBEMC
HIDRERYE 7 » — VI X A BRMEREF coOWTE, B
EDLEZATRHEVDLI B HE . 0E ), HILKC
KA HARMBR PK RZMHRMmMME MY, EIER oBER
REEHTHEVPREEHE AR L RET AR
DRDOLNBHBRLOD, BB VIERMOERWERIC
BATHEORONE VS EBREMELTERIh TV 5.
AT, RORABERIER BT 2 RERERSE
BIRTWIRWDT, BEHNEROFELCOWTIIARHA
THHY, BIMFEREEBCERBE, P 7 F -2
DEHERDI. BEMROBREREEIE TH 5 G6PD
RZIETIE, BERFEBCRTST ¥ F — > ACRYE
EHfIRE DA P v R LEMAEBKHEBL & OBIE M2 LIFT 2
LEMENT WS DL T, KFIICEWTS, ¥
R IeBERREE 2F Lic BERMRICE S ISR
EOMER L CRMAFRE S MRS IBEETE o,
Lo L, BMEREBICE] &\ TR MK SR YL ER
BAOBE Ui & & E MM ORI A M EERM: B IMFE %
RIEL7Z &b, BB S SHEtSmEmao s
RFEPRMBREREY 2 HR L CaiEErn kLB
bhsb.
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