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Abstract Neurotoxicity is a common side effect of vincris-
tine (VCR) treatment. Severe exacerbations of neuropathy
have been reported in patients with Charcot—Marie-Tooth
disease (CMT) 1A with duplication of the peripheral myelin
protein 22 (PMP22) gene. However, whether or not VCR
exacerbates neuropathies through mutations in other CMT-
associated genes besides PMP22 duplication has not been
well studied. The purpose of this study was to identify
mutations in any CMT-associated genes in a patient with
hypersensitivity to VCR. We performed clinical, electro-
physiological, and genetic examinations of a 23-year-old
woman, who was hypersensitive to low-dose VCR, and
her healthy mother. DNA analysis was performed using
our specially designed resequencing array that simulta-
neously screens for 28 CMT-associated genes. Electrophys-
iological studies revealed that the patient and her healthy
mother had demyelinating polyneuropathy. Furthermore,
they showed the same novel mutation in the early growth
response 2 (EGR2) gene. Recognizing pre-existing asymp-
tomatic CMT by electrophysiological studies and genetic
analysis before VCR treatment allowed us to prevent severe
VCR-induced neuropathy.
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Introduction

Vincristine (VCR) is a vinca alkaloid drug that is an essen-
tial part of the chemotherapeutic regimens used to treat
Hodgkin’s and non-Hodgkin’s lymphoma, acute lymphocyt-
ic leukemia, and several types of solid tumors. Neurotoxic-
ity, the most frequently predominant distal axonal
sensorimotor neuropathy, is a well-known dose-limiting side
effect of VCR [1]. VCR disrupts microtubule functions in
axons and inhibits axonal transport by binding and inacti-

‘vating tubulin, thereby leading to axonal degeneration..

VCR-induced neuropathy is nsually observed after cumula-
tive doses of 6—-8 mg of VCR, and significant toxicity occurs
at doses greater than 15-20 mg in neurologically normal
individuals [2]. The symptoms of toxicity usually include
paresthesia and muscle weakness in the distal extremities.
Deep tendon reflexes often diminish or disappear. In most
cases, neuropathy gradually improves as VCR is discontin-
ued, but neuropathy can persist in some cases of severe
sensorimotor dysfunction. Patients with pre-existing neu-
ropathy are generally at increased risk of developing severe
neuropathy after chemotherapy [2, 3]. Charcot-Marie—
Tooth disease (CMT), a hereditary motor and sensory neu-
ropathy, is one of the most common types of inherited
neuropathies, with a prevalence rate of 1 in 2,500 [4], and
it is clinically and genetically heterogeneous [5]. Until date,
at least 30 genes are known to be associated with CMT and
related inherited neuropathies (http://www.molgen.ua.ac.be/
CMTMutations/Mutations). The most common type is
CMTI1A, which is an autosomal dominant demyelinating
neuropathy associated with duplication of the peripheral
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myelin protein 22 (PMP22) gene. Some anticancer drugs
such as vinca alkaloids, platinum agents, taxanes, and thalid-
omide are potentially toxic to patients with CMT [3, 6]. There
are many reports of cases of CMT1IA that deteriorated or
were revealed after VCR treatment [7-12]. However, whether
or not VCR exacerbates neuropathies in other types of CMT
besides CMT1A is unclear. There is insufficient data to
comment on the neurotoxicity of VCR in less common sub-
types of CMT that affect other genes [13—-15]. In order to
identify the genetic risk of severe VCR-induced neuropathy,
we screened for mutations in 28 CMT disease-causing genes
using a custom resequencing DNA chip. Our DNA chip can
screen 28 genes in 2 days and is relatively cost-effective.
Using this chip, we identified a mutation in the early growth
response 2 (EGR2) gene in a 23-year-old woman with hyper-
sensitivity to low-dose VCR. EGR2 encodes a transcription
factor that regulates the expression of peripheral myelin pro-
tein genes [16]. Although the risk of VCR-induced neuropa-
thy in patients with an EGR2 mutation is unknown, our high-
throughput mutation screening method revealed a novel risk
of developing drug-induced neuropathy.

Materials and methods
Patient

A 23-year-old woman was referred to our hospital with
primary mediastinal large B-cell lymphoma. She presented
no subjective clinical symptoms except mediastinal lymph-
adenopathies and was diagnosed with clinical stage IA (Ann
Arbor Classification). At that time, she had not developed any
neurological abnormalities. Her family seemed healthy and
had no history of inherited or acquired neuropathies. She was
treated with chemotherapy following the administration of
rituximab, cyclophosphamide, doxorubicin, VCR, and pred-
nisolone (day 1, 750 mg/m® cyclophosphamide, 50 mg/m’
adriamycin, 1.4 mg/m* VCR; days 1-5, 100 mg predniso-
lone; and day 5, 375 mg/m?® rituximab). After two courses
(total VCR administered, 3.9 mg), she developed muscular
weakness and paresthesia with pain in the distal extremities
and was hardly able to walk. On day 49, she demonstrated
distal predominant muscular weakness and paresthesia on
neurological examination. No obvious muscular atrophy or
pes cavus was evident. In addition, she had developed are-
flexia. Her Babinski reflex was negative, and there were no
signs of cerebellar or cranial nerve disturbances.

Electrophysiological studies
On day 54, nerve conduction studies were performed using

the standard procedure. Skin temperature was maintained
above 32°C.

_@ Springer

DNA analysis

Genomic DNA was extracted from the peripheral blood
leukocytes of the patient using the Gentra Puregene Blood
Kit (Qiagen, Tokyo, Japan). The purpose-built GeneChip®
CustomSeq® Resequencing Array (Affymetrix, Santa Clara,
CA) was designed to screen for CMT and related diseases
such as ataxia with oculomotor apraxia type 1, ataxia with
oculomotor apraxia type 2, spinocerebellar ataxia with axo-
nal neuropathy fype 1, and hereditary motor neuropathies.
The resequencing array was designed to screen for the
following 28 genes: EGR2, PMP22, myelin protein zero
(MPZ), gap junction protein beta 1 (GJBI), periaxin (PRX),
lipopolysaccharide-induced TNF factor (LITAF), neurofila-
ment light polypeptide (NEFL), ganglioside-induced differen-
tiation associated protein 1 (GDAPI), myotubularin-related
protein 2 (MITMR2), SH3 domain and tetratricopeptide
repeats 2 (SH3TC2), SET-binding factor 2 (SBF2), N-myc
downstream regulated 1 (NDRGI), mitofusin 2 (MFN2),
rab-protein 7 (RAB7), glycyl-tIRNA synthetase (GARS), heat
shock 27 kDa protein 1 (HSPBI), heat shock 22 kDa protein
8 (HSPBS), lamin A/C (LMNA), dynamin 2 (DNM2), tyrosyl-
IRNA synthetase (YARS), alanyl-tRNA synthetase (AARS),
lysyl-tRNA synthetase (KARS), aprataxin (APTX), senataxin
(SETX), tyrosyl-DNA phosphodiesterase 1 (TDPI), desert
hedgehog (DHH), gigaxonin 1 (GANI), and K-CI cotrans-
porter family 3 (KCC3). We designed 363 primer sets to cover
all the coding exons and splice sites. The 363 polymerase
chain reactions (PCRs) were amplified in 32 multiplex reac-
tions using the Qiagen Multiplex PCR system (Qiagen). Each
reaction used 120 ng of genomic DNA, 10 pmol of the primer
set, dNTP, and the Qiagen Multiplex PCR reaction mix
(Qiagen). We generated each multiplex PCR product using
the following conditions: 15 min at 95°C; 42 cycles of ampli-
fication (94°C for 30 s, 60°C for 3 min, and 72°C for 1 min
30 s); and 15 min at 68°C. Pooling, DNA fragmentation,
labeling, and chip hybridization were performed using the
Affymetrix CustomSeq Resequencing protocol instructions.
The chips were washed using the Affymetrix fluidics station
using the Customseq Resequencing wash protocols. Analysis
of microarray data was performed using the GeneChip se-
quence Analysis Software version 4.0 (Affymetrix).

The mutations detected by our DNA chip method were
confirmed by conventional DNA Sanger sequencing. Brief-
ly, we amplified 50 ng of the patient’s genomic DNA using
primers and the hot start PCR method. Using a presequenc-
ing kit (USB, Cleveland, OH), we purified the patient’s PCR
products detected using our resequencing array method and
sequenced them by dye-primer chemistry using an ABI
Prism 377 Sequencer (Applied Biosystems, Foster City,
CA). We then aligned the resulting sequences and evaluated
the mutations using the Sequencher sequence alignment
program (Gene Codes, Ann Arbor, MI).
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Results
Electrophysiological studies

The motor nerve conduction studies revealed moderately
slow motor nerve conduction velocities (MCV) with re-
duced compound muscle action potential (CMAP) ampli-
tude in all examined nerves. The sensory nerve conduction
studies showed moderately slow sensory nerve conduction
velocities (SCV) with slightly reduced sensory nerve action
potential (SNAP) amplitude (Table 1). No temporal disper-
sions or conduction blocks were observed. These results
suggest demyelinating polyneuropathy complicated by axo-
nal sensorimotor polyneuropathy. Because the patient
showed hypersensitivity to low-dose VCR (total VCR ad-
ministered, 3.9 mg), we suspected a pre-existing, inherited
neuropathy. Furthermore, electrophysiological studies were
performed on her healthy, 51-year-old mother. MCV of the
mother was slower in the lower extremities than the upper
extremities. CMAP amplitudes were within normal limits.
Median nerve distal latency was slightly prolonged. SCV
was moderately slow, but this finding was uniform in all
examined nerves. SNAP amplitudes were moderately re-
duced in the upper extremities; SNAP amplitude of the sural
nerve was at the lower limit of our normal control data.
Temporal dispersions, conduction blocks, and entrapment
neuropathies were not observed. These results indicate an
electrophysiologically mild demyelinating polyneuropathy
(Table 1). These findings suggest that this family may have
an inherited demyelinating polyneuropathy.

Resequencing analysis of this family and a control study
The DNA chip resequencing analysis detected a novel

c.1057 C>G (p.R353G) missense mutation in the EGR2
gene. In contrast, the analysis was negative for mutations

involving the other 27 CMT or related disease-causing
genes. The patient was heterozygous for the ¢.1057 C>G
mutation that substitutes an arginine for glycine at amino
acid 353 (p.R353G) in exon 2 of EGR2 by conceptual
translation (Fig. 1a). The mother had the same mutation as
the patient (Fig. 1a). We did not observe R353G in 200
control chromosomes or in the 850 chromosomes from 425
patients with inherited neuropathy. In addition, we did not
find the R353G mutation in the 1000 Genomes website
(hitp://browser. 1000genomes.org), which catalogs human
genetic variations using 1,197 samples including 300 East
Asian (100 Japanese) samples.

Clinical course of the patient

We changed the chemotherapy regimen after we suspected
that the patient had CMT. We chose radiotherapy and ritux-
imab for the treatment of B-cell lymphoma. After 2 months,
her symptoms had almost recovered, and she walked nor-
mally with only mild numbness in her distal lower limbs.
However, it was difficult to trace the causal agent because
she was treated with a combination of chemotherapy agents.
According to a previous report [3], there is uncertainty about
the neurotoxicity of cyclophosphamide, prednisolone, and
rituximab in patients with CMT, while VCR is classified as
high risk for such patients. Furthermore, she and her moth-
er’s electrophysiological findings were consistent with
inherited demyelinating polyneuropathy without the pres-
ence of conduction block or temporal dispersion. There
were no findings indicated other inherited demyelinating
polyneuropathy such as disturbance of lipid metabolism,
peroxisomal disorders, hepatic porphyria and amyloidosis
besides CMT. The results of her laboratory studies, includ-
mg liver function tests, renal function tests, serum electro-
Iyte and fasting blood glucose were normal. Her mother was
healthy in the past periodic medical checkup, but laboratory

Table 1 Results of the nerve

conduction studies Nerve DL (ms) CMAP MCV (m/s) SNAP SCV (m/s)
amplitude (mV) amplitude (uV)
Patient Median 43 1.5 26.9 6.7 451
Ulnar 3.9 2.7 31.8 7.3 45.8
Tibial 8.2 3.9 23.0 - -
Sural - - - 4.2 333
Patient’s mother  Median 5.0 11.2 44.6 39 39.7
Ulnar 33 9.1 50.1 3.1 38.7
Tibial 4.7 23.6 37.9 - -
DL distal latency, CMAP com- Sura? B - R >2 376
pound muscle action potential, Control Median <4.5 >3.1 >49.6 >7.0 >47.2
MCYV motor conduction velocity Ulnar <3.6 >6.0 >50.1 >6.9 >46.9
SNAP sensory nerve action po- Tibial <5.7 >4.4 >41.7 - -
tential, SCV sensory conduction Sural _ - - >5.0 >40.8
velocity
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Fig. 1 a Chromatograms of the a
alterations in the early growth
response 2 (EGR2) gene that .
was identified in the patient and i
her mother, both of whom had ]
the heterozygous transition
¢.1057 C>G that resulted in i
R353G. b Schematic diagram
of the EGR2 showing
previously reported mutations T
and the R353G alteration. CHN §I
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neuropathy, DSS Dejerine—
Sottas disease, Zn zinc-finger
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screening tests were not examined in this report. We strong-
ly suspected VCR-induced neuropathy in CMT with the
EGR2 mutation.

Discussion

This is the first report to describe an EGR2 mutation that
induced VCR hypersensitivity, similar to PMP22 duplication.
The EGR2 gene located on human chromosome 10g21.1 has
two exons that encode a 476 amino acid protein with three
zinc finger domains, which is believed to be a transcription
factor that regulates myelinogenesis [17, 18]. EGR2 knockout
mice exhibit severe hypomyelination of peripheral nerves due
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to the blocking of Schwann cell differentiation [19, 20].
Heterozygous mutations in EGR2 cause myelinopathies, in-
cluding congenital hypomyelinating neuropathy, Dejerine—
Sottas disease, and mild to severe CMT1 [21-26]. Until date,
17 types of EGR2 mutation have been found (bttp:/www.
molgen.ua.ac.be/CMTMutations/Mutations). EGR2 induces
high expression levels of myelin protein components such
as PMP22, MPZ, DHH, and PRX in Schwann cells [27-30].
Vincristine inhibits axonal transport; thus, an insufficient
supply of the myelin protein component necessary for the
increased demand created by vincristine may induce a large
degree of neurotoxicity. In the present study, we showed a
novel R353G mutation in the first zinc finger domain of
EGR2 in a patient with late onset CMT1 who presented with

Table 2 Computational predictions of the pathogenicity on EGR2 mutation within the zinc finger domain

Mutation MUPro (SVM score®) PolyPhen® PolyPhen2° SIFT¢
Our patients R353G —0.43° 2.57¢ 0.90° 0.00°
Reported mutations D355V 1.00 2.75¢ 0.97¢ 0.00°
R359W ~0.64° 2.79¢ 1.00° 0.00°
R359Q -1.00° 1.89¢ 0.92¢ 0.00°
R381C -0.11° 2.79¢ 0.99¢ 0.00°
R381H —-0.24° 2.12¢ 0.99¢ 0.00°
S382R 0.35 2.06° 0.81°¢ 0.00°
D383Y 0.09 2.75¢ 0.99¢ 0.00°
R409W -0.98° 2.69¢ 1.00° 0.00°
E412K -1.00° 1.69° 0.77° 0.00°

* Support Vector Machine (SVM) scores <0 indicate a decrease in protein stability

b PolyPhen scores >1.5 indicates a prediction of pathogenic
°PolyPhen2 scores of ~1 indicate a prediction of pathogenic
4 SIFT scores <0.05 indicate a prediction of pathogenic

¢ Denotes a pathogenic prediction
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a very mild phenotypic expression. Most EGRZ mutations
within the first zinc finger domain cause Dejerine-Sottas
disease or severe CMT1 phenotypes (Fig. 1b) [22, 24]. A
sequence homology search was performed, which aligned
protein sequences from multiple species, using a Constraint-
based, Multiple-Alignment tool (COBALT) (http://www.
nebinlm.nib.gov/tools/cobalt/). Arginine 353 was conserved
among all of the species analyzed (Fig. 1¢). It was found that
the R353G mutation identified in our patients was located in a
remarkably well-conserved sequence of amino acids, suggest-
ing that it may have a potential impact on EGR2 function.
Furthermore, we computationally predicted the effect of the
R353G mutation on protein function using the MUpro (http://
www.ics.ucl.edu/~baldig/mutation.html), PolyPhen (http://
genetics.bwh.harvard.edu/pply/), PolyPhen-2 (http://genetics.
bwh.harvard.edu/pph2/), and SIFT (http://siftjevi.orgiwww/
SIFT seq submit2 html) algorithms. The algorithms in these
programs use evolutionarily conserved species as well as
reference sequence alignments, physiochemical differences,
and the proximity of various substitutions to predict function-
al domains and/or structural features. All these programs
predicted that the R353G mutation is most likely pathogen-
based on the degree of conservation of the affected residues
(Table 2). Therefore, the R353G mutation could possibly
distupt various functions. Furthermore, different mutations
in the same codon result in divergent CMT phenotypes
[26]. The electrophysiological findings were the only abnor-
mal results for the patient’s asymptomatic mother with the
same EGR2 mutation. Her neurological findings were nor-
mal, including a normal handgrip, the absence of foot defor-
mities, normal and prompt deep tendon reflexes, and normal
sensations. It is difficult to diagnose late onset mild CMT
based on clinical findings and family history because the
disease is heterogeneous. Although we did not perform in
vitro functional analysis of the R353G mutation in this study,
such further functional studies would illuminate the details of
the pathomechanism of the EGR2 mutation and its relation-
ship with vincristine toxicity in this patient. In order to clarify
the pathogenic nature of the EGR2 mutation and vincristine
neurotoxicity, we need to continue the genetic analysis of
vincristine-induced neuropathy patients who do not show the
CMT phenotype.

VCR-induced neuropathy is a dose-limiting side effect
observed in neurologically normal individuals, but it some-
times results in severe neuropathy in patients with CMT.
Early recognition of CMT before VCR treatment can pre-
vent severe neurotoxicity. It is very important to use elec-
trophysiological studies to recognize pre-existing CMT
before VCR treatment, even if there is no family history or
neurological abnormalities. Moreover, the labor and reagent
costs of molecular genetic testing have significantly in-
creased along with the increase in the number of genes
associated with CMT and related neuropathies that must be

screened for mutations. Realistically, it is difficult to per-
form nerve conduction studies or genetic testing in all
patients who receive chemotherapy because of the costs
and effort. Because of recent progress in the development
of a new generation of genomic sequencing technologies, it
will be possible to screen the entire genome/exome se-
quence for potential risks in all patients before they undergo
chemotherapy.
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Charcot-Marie-Toothyg (CMT) @ EE#E &
FR3OMEREZINTEY, BENE L TEE
FHECERTH S, OMTOBLSVERTS
3 peripheral myelin protein 22 (PMP22) D&
B EEFERE T & % fluorescence in situ
hybridization (FISH) ¥k CHRERETSH 3 23
ZOMDBEFREEZRTAI V-2V /T3
FERRHD L BRABKETH L. FHTE,
FBHEDOY— 7 T AP DHPLC (denaturing
high performance liquid chromatography) ¥
i & BBEFZEMYTHONTE D, ZRoIH
ATCCMTORBEFREEZE A P oBE 2
WicEsef4 707 VADNAFy 7THBHFEX
h, 2710BEF2ZRARBICA ) -V /AL
ol ZORBREE I FOFERBETFHEENR
TINBILwlkolk, —7F, KEIZBWTHEH
% CMT DEEF2IThN, BENOBE X
rORFBEFEESFERINE. Zhodsb,
BENTRETREOREIAN, PMP2ZOE
BHTH 2 CMTIAZ BRI ER20%TH H, E
FBEFIRBHDEMANE I E BRI N
T, Bhi, S$BLEHLCEREGETOREIN
BrEz oh, ERCEFEBOFEERERT

PEEZIN TS, 20104F I iE KRy — 7
=%, BADY ) ASEERE T
%I L, SH3TC2BEFERI X2 CMT4C &
WRLALYD TOMENEINEY, 5%, %
HRY =27 29— FOERMGBET SN IC X
h, BEEETFORRBIIEL, SENNEET
PEWICORIAIN T s ns

g o\

1991 £ 1z Lupski & »$PMP22 O B4 CMTLA
ODEREETH 3 L HEY LUK, T30 E
OCMTERBEFHHFEI N TS (K1), K
KT, W O»OCMTERBETFZN 2,
JDSangerED Y — J LV AW R WU
fIzfT>Tw3, —74, FFTRPMP2BS D
BETF B TR AT b T ks, SE4E,
CMTEREEF2BRWCA Y —=v 7T 3
HAnfThbhTwa, w4717 L4 DNAF Yy
Tk AnFkTlE, DNAFy 7 EicERIn
72TOCMTERBEF*RE2H C2 W HE
T, FHEN T3,
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%1 Charcot-Marie-ToothIEOREERGET B 19 & b &E)

CMT 1 (BifeE %)
CMT1A PMP22 (peripheral myelin protein 22)
CMT1B MPZ (myelin protein zero)
CMT1C LITAF (lipopolysaccharide-induced TNF factor)
CMTI1D EGRZ2 (early growth response 2)
CHN SOX10 {sex determining region Y-box 10)
CMTI1E MPZ (myelin protein zero)
CMTIF NEFL (neurofilament, light polypeptide)

CMT 4 (BiBhR %%)
CMT4A GDAPI (ganglioside-induced differentiation associated protein 1 )
CMT4B1 MTMRZ (myotubularin related protein Z)
CMT4B2 SBF2 (SET binding factor Z)
CMT4C SH3TC2 (SH3 domain and tetratricopeptide repeats 2)
CMT4D NDRGI (N-myc downstream regulated 1)
CMT4E EGRZ (early growth response 2)
CMT4F PRX (periaxin)
CMT4G HKI (hexokinase 1)
CMT4H FGD4 (FYVE, RhoGEF and PH domain containing 4)
CMT4J FIG4 (FIG4 homolog, SACI lipid phosphatase domain containing)

CMT X (X3EgHfE)

~CMTX1 GJBI (gap junction binding protein beta 1)
CMTX5 PRPS1 (phosphoribosyl pyrophosphate synthetase 1}
T CMT 2 (BhEE B

CMT2A1 KIFIB (kinesin family member 1B)
CMT2A2 MENZ (mitofusin 2)
CMT2B RAB?7 (rab-protein 7)
CMT2C TRPYV4 (transient receptor potential cation channel, subfamily V, member 4)
CMT2D GARS (glycyl-tRNA synthetase)
CMTZE NEFL (neurofilament, light polypeptide}
CMTZF - HSPBI (heat shock 27kDa protein 1 )
CMT2G  unknown
CMTZH unknown
CMT2V/] MPZ (myelin protein zero)
CMTZK GDAPI (ganglioside-induced differentiation associated protein 1)
CMT2L HSBPS8 (heat shock 22kDa protein 8)
CMT2M DNMZ (dynamin 2}
CMT2N AARS (alanyl-tRNA synthetase}

CMT 2 (BH3RE #%)
AR-CMT2A LMNA {lamin A/C)
AR-CMT2B MEDZ25 (mediator complex subunit 25)
GAN GAN] (gigaxonin 1)
ACCPN KCC3 (K-CI cotransporter family 3)
SCANL1 TDPI (tyrosyl-DNA phosphodiesterase 1) .
AOAl APTX (aprataxin)
AQA2 SETX (senataxin) .
minifascicular neuropathy DHH (desert hedgehog)

CMT 2 ()
CMT DIB  DNMZ (dynamin 2)
CMT DIC  YARS (tyrosyl-tRNA synthetase)

CHN: congenital hypomyelinating neuropathy, GAN: giant axonal neuropathy, ACCPN: agenesis of the
corpus callosum with peripheral neuropatly, SCAN: spinocerebellar ataxia with axonal neuropathy, AOA:
ataxia with oculomotor apraxia '
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LMNA, PRPST, MED25

~ o /
~ .
~y
{\
~J  tRNASRIERE

!

ETYUEEEE Ok - O - 10E
MTMR2, DNM2, RAB], SBFZ,
LITAF, FIG4, FGD4, SH3TC2

.
~ Shav Y7 iEE
N MFN2, GDAPY, HK1
1>
L Za—OTAT A
Eskopea b
NEFL, HSPB1, HSPBS
GANT1, KIF1B

B1 Charcot-Marie-Tooth/EORIEIRETFSHE CUR1S X H %)

THERANLEETREFEEGETFICET 255
L, w4 7ur7lLA4DNAFy 7 & 3 HENE
EFWEORE ERER I T IR T 5.

A. FEBETFOZEME

CMTOEREREGFIXETTIK30ZBRA TV
(1), zhs0BEFRIFEEN, Oy v
BREH, @3 YEEEARERT, @Ix
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BEFPEETERVERAPKA L LTHSOERD
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%, CMTIAZERL L#64% (111/17450) »s
FERFHTH 2, ILCEHEHCMTOHTIY%
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BT 2007 F &G L, FIHEORE
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FIG4 homolog, SACI lipid phosphatase
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and PH domain containing 4 (FGD4) 33 =
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Hexokinase 1 (HKI) &3 oy Ry 7EE
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Phosphoribosyl pyrophosphate synthetase 1
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