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KEYWORDS Summary

Neuroendocrine Background: The efficacy of chemotherapy in patients with large cell neuroendocrine
carcinoma; carcinoma of the lung (LCNEC) remains unclear.

Lung cancer; Methods: Patients with LCNEC who received cisplatin-based chemotherapy were
Chemotherapy; identified by reviewing 567 autopsied and 2790 surgically resected lung cancer pa-
Cisplatin tients. The clinical characteristics and objective responses to chemotherapy in these

patients were analyzed.

Results: Overall, 20 cases of LCNEC were identified, including stage llIA (n=3), stage
llIB (n=6), stage IV (n=6) and postoperative recurrence (n=>5) cases. 5ix patients
had received prior chemotherapy, and 14 were chemo-naive patients. The patients
had received a combination of cisplatin and etoposide (n=9), cisplatin, vindesine
and mitomycin (n=6), cisplatin and vindesine (n=4), or cisplatin alone (n=1). One
patient showed complete response and nine showed partial response, yielding an
objective response rate of 50%. The response rate did not differ between patients
with the initial diagnosis of SCLC and those with the initial diagnosis of NSCLC,
however, the response rate in chemo-naive patients (64%) was significantly different
from that in previously treated patients (17%).

Conclusions: Our results suggest that the response rate of LCNEC to cisplatin-based
chemotherapy was comparable to that of SCLC.
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1. Introduction

Pulmonary neuroendocrine tumors include a spec-
trum of four clinicopathological entities classified
on the basis of the morphological and biological
features: typical carcionoid and atypical carcinoid,
which are tumors of low to intermediate grade ma-
lignancy, and large cell neuroendocrine carcinoma
(LCNEC) and small cell carcinoma (SCLC), which are
high-grade malignant tumors. Travis et al. proposed
the term LCNEC in 1991 [1], for classifying a type of
poorly differentiated high-grade carcinoma charac-
terized by a neuroendocrine appearance under light
microscopy. LCNEC exhibits more prominent cellu-
lar pleomorphism and higher mitotic activity than
the atypical carcinoid (AC), and is distinguished
from SCLC by the tumor cell size and chromatin
morphology. Although several different terminolo-
gies and classifications have been proposed previ-
ously, and even the present classification of pul-
monary neuroendocrine tumors lacks uniform def-
inition criteria, this class of tumors could become
widely accepted and included in the updated histo-
logical classification of the World Health Organiza-
tion [2].

The clinical features of LCNEC have not yet
been completely clarified. The prognosis of pa-
tients with surgically resected LCNEC is reported
to be intermediate between that of AC and SCLC
[3—5], and the same as that of resected NSCLC,
except that stage | LCNEC has a poorer progno-
sis than stage | non-small cell lung cancer (NSCLC)
[6]. To the best of our knowledge, however, there
are no studies that have examined the role of
chemotherapy for LCNEC and the prognosis of pa-
tients with unresectable LCNEC, even though sev-
eral reports have been published on the associa-
tion between response to chemotherapy and the
neuroendocrine differentiation of NSCLC [7-9].
The appropriate treatment of unresectable LCNEC,
therefore, remains unclear. In the present study,
we attempted to investigate the effectiveness of
chemotherapy with cisplatin-based regimens for
LCNEC in patients with unresectable and recurrent
LCNEC.

2. Materials and methods

Eighty-seven of 2790 patients with primary lung
cancer who underwent tumor resection from 1982
to 1999 at the National Cancer Center Hospital were
found to have tumors with the histological char-
acteristics of LCNEC [6]. Of these, five had re-
ceived cisplatin-based chemotherapy at the time

of recurrence, and were enrolled as subjects of
this study. In addition, 303 of 567 patients who
were autopsied from 1983 to 1997 at the Na-
tional Cancer Center Hospital who had the fol-
lowing histological diagnoses were first selected:
SCLC (n=112), poorly differentiated adenocarci-
noma (n=99), large cell carcinoma (n="58), poorly
differentiated squamous cell carcinoma (n=29),
poorly differentiated adenosquamous carcinoma
(n=2), LCNEC (n=2), and carcinoid (n=1). Of
these, 161 had received cisplatin-based chemother-
apy were selected for a pathological review. Fi-
nally, specimens from 17 of these161 cases were
found to have histological characteristics consis-
tent with the diagnosis of LCNEC, and were se-
lected as subjects of this study. We focused on
cisplatin, because since the 1980s, cisplatin has
been the only anticancer agent with proven ef-
ficacy against both SCLC and NSCLC [10,11]; we,
therefore, considered that the effectiveness of
chemotherapy for LCNEC could be reasonably eval-
uated if cisplatin were included in the regimen.
Cases which had received adjuvant chemotherapy
without evaluable lesions were excluded from the
analysis.

All the available paraffin-embedded tissue sec-
tions stained with hematoxylin—eosin were re-
viewed. We classified LCNEC according to the
histopathological criteria in the WHO classifica-
tion [2]. Immunohistochemical analysis was per-
formed to confirm the neuroendocrine features
of the tumors. For this purpose, formalin-fixed
paraffin sections were stained for a panel of neu-
roendocrine markers, including chromogranin A
(CGA), synaptophysin (SYN), and neural cell ad-
hesion molecule (NCAM), using standard methods.
The intensity of immunostaining for these mark-
ers was scored as follows: +, when the propor-
tion of stained tumor cells was >50%; &, when
10—50% of tumor cells were stained; and —, when
<10% of tumor cells were stained, as previously de-
scribed [6]. One case included in this study had
the typical histological features of LCNEC, but
no neuroendocrine features as determined by the
immunohistochemical analysis. For specimens ob-
tained after treatment, we routinely confirmed
that the histopathological and morphological fea-
tures showed no changes due to treatment as
compared with the pretreatment biopsy or cyto-
logic specimens. Such cases for which no pretreat-
ment samples were available were excluded from
the study; since it has been reported that his-
tological changes may occur after treatment in
SCLC [12], we were concerned that misdiagno-
sis might occur if the same were also true for
LCNEC.
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Fig. 1 Case na. 2, 57-year-old man. (A) The tumor cells which are large-sized, polygonal in shape and have a low
nuclear-cytoplasmic ratio, are arranged in organoid nests and trabeculae (H&E stain, x200). Positive staining for neural
cell adhesion molecule (B), chromogranin A (C), and synaptophysin (D) (immunostain, x400).

Clinical information about the cases was ob-
tained from the medical records. The clinical dis-
ease staging was reassessed according to the lat-
est International Union Against Cancer (UICC) stag-
ing criteria [13]. The response to chemotherapy
and overall survival rate were assessed retrospec-
tively. The objective tumor response was evalu-
ated according to the WHO criteria published in
1979 (WHO, 1979) [14]. The survival time was mea-
sured from the date of start of chemotherapy with a
cisplatin-containing regimen. Survival curves were
drawn using the Kaplan—Meier method [15]. Drug
toxicity could not be assessed as the study was a
retrospective one and records were often incom-
plete.

3. Results

Overall, 22 cases were recognized as having tumors
with histological characteristics consistent with LC-
NEC among the autopsied and surgically resected

cases of primary lung cancer that had received
cisplatin-based chemotherapy and had evaluable
lesions; of these 17 were autopsied cases and
five were surgically resected cases. Two of the
autopsied cases were excluded, because no pre-
treatment pathological or cytological samples were
available. The typical microscopic appearance of
the tumor specimens is shown in Fig. 1A. The speci-
men sources for the prechemotherapy-diagnosis in-
cluded surgically resected specimens (n=5), biopsy
specimens (n=9), and cytology specimens (n=6).
The histological and cytological findings in the spec-
imens obtained before chemotherapy were con-
sistent with those in the specimens obtained af-
ter chemaotherapy. We therefore finally enrolled 20
cases in this study. The initial pathologic diagnoses
in these patients were as follows: small cell car-
cinoma (n=10), poorly differentiated adenocarci-
noma (n=6), large cell carcinoma (n1=2), undiffer-
entiated carcinoma (n=1), and poorly differenti-
ated carcinoma (n=1) (Table 1). None of the cases
had been labeled as LCNEC at the time of initial
diagnosis, probably because the concept of LCNEC
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Table 1  Patient characteristics
Characteristics N %
No. of patients 20
Sex
Male 18 90
Female 2 10
Age, median (range) 58 (37-74)
Smoking history
Yes 19 95
No 1 5
Performance status
1-2 19 95
>2 1 5
Initial pathological diagnosis
Small cell carcinoma 10 50
Adenocarcinoma 6 30
Large cell carcinoma 2 10
Others 2 10
Clinical stage at the start of chemotherapy
1A 3 15
B 6 30
v 6 30
Postoperative recurrence 5 25
Prior treatment
None 10 50
Surgery 4 20
Radiotherapy 2 10
Chemotherapy without cisplatin = 6 30

was not completely accepted at our hospital at that
time.

The results of the immunohistochemical staining
are shown in Table 2, and a typical case showing
positive staining is shown in Fig. 1B and D. Of the
20 LCNECs, 19 expressed at least one of the three
general neuroendocrine markers, namely CGA, SYN,
and NCAM. Sixteen of the 20 LCNECs exhibited pos-
itive staining for NCAM, while one showed equivo-
cal staining. Twelve of the 20 LCNECs showed posi-
tive staining for CGA. Thirteen LCNECs showed pos-
itive staining for SYN and three showed equivocal
staining. Only one case was negative for all the
three general neuroendocrine markers, however,
this case exhibited the typical histological features
of LCNEC on light microscopy.

The clinical characteristics of the patients are
summarized in Table 1. The extremely high predom-
inance of men and smokers in this study was com-
parable to the demographic features of our LCNEC
patients treated by surgical resection [6]. Previous
chemotherapy was given in six patients: nedaplatin
in one and cyclophosphamide-based regimen in five

Table 2 Staining for neuroendocrine markers in 20
LCNECs

Case NCAM CGA SYN
1 + + +
2 + + +
3 + + +
4 + + +
5 + + +
6 + + +
7 - + -
8 + - -
9 — - -

10 - + +

11 + -~ +

12 + + +

13 + + +

14 + +

15 + + +

16 - - NA

17 + - +

18 + - NA

19 + +

20 - + +

NCAM, neural celt adhesion molecule; CGA, chromogranin A;
SYN, synaptophysin; NA, not assessed.

patients. The chemotherapy regimens used were as
follows: cisplatin (80 mg/m?, day 1) and etoposide
(100mg/m?, days 1-3) (n=9), cisplatin (80 mg/m2,
day 1), vindesine (3 mg/m?, days 1 and 8) and mito-
mycin (8 mg/m?, day 1) (n=6), cisplatin (80 mg/m?,
day 1) and vindesine (3 mg/m?, days 1 and 8) (n=4),
or cisplatin (100mg/m?2, day 1) alone (n=1). The
median (range) number chemotherapy cycles were
2 (1—6). Of the 20 patients, one showed CR and
nine showed PR, yielding an overall response rate
of 50% (95% confidence interval, 27.2—72.8%). One
CR and four PRs were observed among the cases
treated with cisplatin and etoposide, two PRs were
found among those treated with cisplatin, vinde-
sine and mitomycin, and three PRs were found
among those treated with cisplatin and vindesine.
Seven patients showed NC, and three showed pro-
gressive disease. While the response rate did not
differ between patients with an initial diagnosis
of SCLC and those patients with an initial diag-
nosis of NSCLC, previous chemotherapy affected
the response to cisplatin: the response rate in
chemo-naive patients was 64%, whereas that in
previously treated patients was 17%. The median
progression-free survival in the 20 patients was 103
days, median survival was 239 days, 1-year sur-
vival rate was 35%, and 2-year survival rate was
15%.
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4, Discussion

In this extensive review of over 3000 lung cancer pa-
tients, we found considerable difficulty in evaluat-
ing the response of LCNEC to systemic chemother-
apy. The pathological diagnosis of LCNEC was es-
tablished in 87 (3.1%) of 2790 patients treated by
surgical resection. This low incidence of LCNEC in
surgically treated lung cancer patients is compara-
ble to that in other previously published reports:
2.4% (50/2070), 2.9% (22/766), and 3.6% {53/1530)
[16—18]. Of the 87 patients, only five who had re-
ceived cisplatin-based chemotherapy for recurrent
tumor that was evaluable for the response. While
LCNEC is difficult to diagnose prior to the start of
treatment on the basis of the findings in biopsy or
cytological specimens, the architectural neuroen-
docrine features may, more or less, be reflected
in these small samples [19,20]. We, therefore, con-
ducted a review of 567 autopsy cases of lung cancer,
and identified 15 cases of LCNEC who had received
cisplatin-based chemotherapy. We obtained a re-
sponse rate to cisplatin-based chemotherapy of 50%
in these 20 patients with LCNEC, however, the clini-
cal characteristics of patients with medically treat-
able advanced LCNEC would still remain to be clar-
ified, because autopsy is conducted only in highly
selective cases.

Travis et al. suggested that immunohistochem-
ical or electron-microscopic evidence of neuroen-
docrine features were important to diagnose LCNEC
[1]. We assessed the neuroendocrine marker ex-
pression by immunohistochemical staining for CGA,
SYN, and NCAM. Our cases included one that was
negative for all the three neuroendocrine mark-
ers examined, but showed the typical histologi-
cal features of LCNEC, which could be attributable
to technical staining problems. Immunohistochem-
ical staining for neuroendocrine tumors is gener-
ally recognized as only a supplementary diagnostic
tool. In addition, the post-surgical survival rate did
not differ between histologically diagnosed cases
of LCNEC with neuroendocrine differentiation in
marker expression as assessed by immunohisto-
chemical staining and large cell carcinoma with
neuroendocrine morphology where the neuroen-
docrine markers were negative (data not shown).
Thus, we decided to include the case with negative
staining as LCNEC on the basis of its typical neu-
roendocrine morphology.

To the best of our knowledge, only one study on
the efficacy of chemotherapy in patients with LC-
NEC has been reported previously. In the study, 13
patients with LCNEC received chemotherapy when
relapse was noted after surgical resection, and two
(20%) of 10 evaluable patients showed an objec-

tive response. The evaluable lesion in these pa-
tients, however, was the brain in seven, liver in
two, and bone in one patient [21]. Thus, the rel-
atively low response rate in the report may be due
to the site of the evaluable lesion. In addition,
reports on the correlation between response to
chemotherapy and neuroendocrine differentiation
of NSCLC may be helpful. Graziano et al. reported
that the proportion of NSCLC positive for neuroen-
docrine markers was higher in responders than in
non-responders among 52 NSCLC patients treated
by chemotherapy, and that the result suggested a
correlation between positivity for neuroendocrine
marker expression and the likelihood of response
to chemotherapy [7]. On the other hand, others
have reported the absence of any correlation be-
tween the presence of neuroendocrine differen-
tiation and the response to chemotherapy {8,9].
The neuroendocrine differentiation in NSCLCs in the
aforementioned studies was confirmed only by im-
munohistochemical staining and not on the basis
of the morphological definition of LCNEC. There-
fore, these groups might have potentially included
heterogeneous subtypes of lung carcinoma, such as
adenocarcinoma or squamous cell carcinoma, with
components of neuroendocrine differentiation. The
conflicting conclusions of these studies may, there-
fore, reflect differences in the biological charac-
teristics of the tumors included in the analysis.
Since the definition of LCNEC is based on morpho-
logical criteria as well as positivity for neuroen-
docrine marker expression, LCNEC is may be consid-
ered to be a clinically homogeneous group. There-
fore, our study of LCNEC may endorse the for-
mer reports about the relationship between neu-
roendocrine differentiation and the sensitivity to
chemotherapy.

Objective response to chemotherapy can be
observed in only 15—30% of NSCLCs, even when
they are treated with regimens containing cis-
platin [10]. In SCLC, however, effective combina-
tion regimens yield objective response rates in the
range of 80-90% [11]. Our study showed an over-
all response rate of LCNEC of 50% to cisplatin-
based chemotherapy, and a response rate of 64% in
chemo-naive patients, which seemed to be higher
than the response rate of NSCLC to chemotherapy.
Considered together, these results suggest that the
chemosensitivity of LCNEC is intermediate between
that of NSCLC and SCLC, although we were un-
able to obtain firm evidence from this retrospec-
tive study, which included only a small cohort of
patients.

Since LCNEC is a relatively rare subtype of lung
cancer, a prospective study is difficult to perform,
and may only be possible as a multicenter study.
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For this purpose, it is an urgent task to establish
diagnostic criteria for LCNEC based on examination
of biopsy or cytologic specimens. Although the his-
tological definition of LCNEC in surgically resected
specimens proposed by Travis et al. is commonly ac-
cepted, its diagnostic reproducibility is not satisfac-
tory [22]. It is also difficult to apply the definition to
biopsy specimens, in which artifacts can easily be
produced and detailed examination may be difficult
due to insufficient specimen size. Thus, definitive
diagnostic criteria also applicable to biopsy and cy-
tologic specimens are required.

Our study did not include any cases labeled as
LCNEC at the time of initial diagnosis. One half
of the cases was originally diagnosed as SCLC and
the other half as NSCLC, including poorly differen-
tiated adenocarcinoma and large cell carcinoma.
This was attributed to the fact that the concept
of LCNEC was not clearly defined prior to its being
proposed by Travis et al. [1]. Thus, it is possible
that patients with LCNEC were included in earlier
clinical trials for NSCLC or SCLC. If LCNEC shares
the poor prognosis of NSCLC, the reported results
of chemotherapy for NSCLC may have been worse
-in studies in which cases of LCNEC were included.
Similarly, the results of clinical studies of SCLC
to study their objective response to chemotherapy
may also have been worse because of the confound-
ing effects of the inclusion of LCNECs among the
cases.

In conclusion, our results suggest that the re-
sponse rate of LCNEC to cisplatin-based chemother-
apy was comparable to that of SCLC. However,
because of the retrospective nature of this study
and the small sample size, we could not arrive at
any definitive conclusion; we, therefore, propose
to conduct a prospective study in the future aimed
at elucidating the efficacy of chemotherapy for LC-
NEC. To that end, firm diagnostic criteria for LCNEC
need to be established, even when the diagnosis
must be based only on examination of biopsy and
cytology specimens.
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Summary: Nineteen genetic variations, including 11 novel ones, were found in exon 1 and its flanking
region of the UDP-glucuronosyltransferase (UGT) 1A4 gene from 256 Japanese subjects, consisting of
60 healthy volunteers, 88 cancer patients and 108 arrhythmic patients. These variations include
—217T>G and —36G> A in the 5'-flanking region, 30G>A (P10P), 127delA (43fsX22; frame-shift
from codon 43 resulting in the termination at the 22nd codon, codon 65), 175delG (59£sX6), 271C>T
(R91C), 325A>G (R109G), and 357T >C (N119N) in exon 1, and IVS1+1G>T, IVS1+98A>G and
IVS1+101G>T in the following intron. Among them, 127delA and 175delG can confer early termina-
tion of translation, resulting in an immature protein that probably lacks enzymatic activity. Variation
1VS1+1G>T is located at a splice donor site and thus may lead to aberrant splicing. Since we did not
find any significant differences in the frequencies of all the variations among the three subject groups, the
data were analyzed as one group. The allele frequencies of the novel variations were 0.006 for IVS1+
101G>T, 0.004 for 30G>A (P10P) and 357T>C (N119N), and 0.002 for the 8 other variations. In
addition, the two known nonsynonymous single nucleotide polymorphisms (SNPs), 31C>T (R11W) and
142T>G (L48V), were found at 0.012 and 0.129 frequencies, respectively. The SNP 70C> A (P24T),
mostly linked with 142T >G (L48V) in German Caucasians, was not detected in this study. Sixteen
haplotypes were identified or inferred, and some haplotypes were confirmed by cloning and sequencing.
Tt was shown that most of 142T > G (L48V) was linked with —219C>T, —163G > A, 448T > C (L150L),
804G>A (P268P), and IVS1+43C>T, comprising haplotype *3a; haplotype *4a¢ harbors 31C>T
(R11W); 127delA (43fsX22) and 142T > G (L48V) were linked (haplotype *5a); 175delG (591sX6) was
linked with 325A > G (R109G) (*6a haplotype); and —219C>T, —163G> A, 142T > G (L48V), 271C>T
(R91C), 448T >C (L150L), 804G > A (P268P), and IVS1 +43C>T comprised haplotype *7a. Our results
provide fundamental and useful information for genotyping UGT1A4 in the Japanese and probably
Asian populations.
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Table 1. Primers utilized for UGT1A44 amplification and sequencing

Direction Primer Name Sequences Location®

Amplification forward UGT1A4-1stF TTAACAAAGTAGAAGGCAGTG 135092
reverse UGT1A4-1stR TGAAAACTTGAAATACACTAGGC 136460

Secjuencing forward UGT1A4-1stF TTAACAAAGTAGAAGGCAGTG 135092
forward UGT1A4seqF2 GGGCTGAGAGTGGAAAGGT 135502

forward UGT1A4seqF3 TCCTTCCTCCTATATTCCTAAGTT 135995

reverse UGT1Ad4seqR1-2 ATCAAATTCCTTCTGGGTCC 135698

reverse UGT1Ad4seqR2 AAGGGGCAGAAAAAGTATGG 136119

reverse UGT1A4-1stR TGAAAACTTGAAATACACTAGGC 136460

*The 5’-end of each primer on AF297093.1.

On December 2, 2004, these variations were not found on the UDP
Glucuronosyltransferase home page (http://som.flinders.edu.au/
FUSA /ClinPharm /UGT/), the Japanese Single Nucleotide Polymor-
phisms (JSNP) (http://snp.ims.u-tokyo.ac.jp/), dbSNP in the
National Center for Biotechnology Information (http://www.ncbi.
nlm.nih.gov/SNP/), or PharmGKB (http://www.pharmgkb.org/
do/) databases.

This study was supported by the Program for the Promotion of
Fundamental Studies in Health Sciences (MPJ-1, -3, and -6) of the
Pharmaceuticals and Medical Devices Agency (PMDA) of Japan, and
the program for the Promotion of Studies in Health Scrences of the
Ministry of Health, Labor and Welfare of Japan.

Introduction

As phase II enzymes, the UDP-glucuronosyltran-
sferase enzymes (UGTSs) play crucial roles in the detox-
ification and elimination of a large number of en-
dogenous and exogenous compounds.” Of the UGT1
and UGT?2 subfamilies expressed in humans, the genes
encoding UGT1As have a unique genetic structure
consisting of at least 13 different exon 1’s, including
four inactive ones, and the common exons 2 to 5
clustered on chromosome 2q37.? One of the exon 1's
can be spliced on to the common exons. The N-terminal
domains (encoded by the exon 1‘s) of the UGTI1A
proteins determine their substrate-binding specificity,
and the common C-terminal domain (encoded by exons
2 to 5) is important for UDP-glucuronic acid binding.?

UGT1A4 is expressed in the liver, bile ducts, colon,
small intestine, and pancreas."*” UGT1A4 catalyzes the
conjugation of exogenous amines and alcohols, includ-
ing nicotine, sapogenins, imipramine, trifluoperazine,
and tamoxifen."*® In addition, many androgens and
progestins are reported as endogenous substrates of
UGT1A4.9 Several genetic polymorphisms of UGT1A44
were reported in the public databases. Among them,
two nonsynonymous single nucleotide polymorphisms
(SNPs), 70C>A (P24T) and 142T>G (L48V), were
found in German Caucasians, and they were shown to
be closely associated.'”® The variant enzymes (24T and

48V) had reduced in vitro activities for f-naphtylamine,
benzidine, frans-androsterone, and dihydrotestosterone
in a substrate-specific manner.'®

In spite of the clinical importance of UGT1Ad4, there
is no report on the comprehensive sequencing analysis
for the genetic polymorphisms of UGTIA4 in Asian
populations, including the Japanese. In the present
study, UGT1A4 exon 1 was sequenced from 256
Japanese subjects. Eleven novel genetic variations were
identified, including 4 nonsynonymous ones.

Materials and Methods

Human genomic DNA samples: DNA was obtained
from the blood leukocytes of 88 Japanese cancer
patients and 108 Japanese arrhythmic patients. Written
informed consent was obtained from all participating
patients. DNA was also extracted from Epstein-Barr
virus-transformed lymphoblastoid cells, for which
blood samples were collected from 60 healthy Japanese
volunteers at the Tokyo Women’s Medical University-
under the auspices of the Pharma SNP Consortium
(Tokyo, Japan). Informed consent was also obtained
from all healthy subjects. The ethical review boards of
all the participating organizations approved this study.

PCR conditions for DNA sequencing: First, exon 1
of UGTIA4 was amplified from genomic DNA (100 ng)
using 0.625 units of Ex-Taq (Takara Bio. Inc., Shiga,
Japan) with 0.2 uM of amplification primers designed in
the introns (Table 1). The PCR conditions were 94°C
for 5min, followed by 30 cycles of 94°C for 30 sec,
55°C for 1 min, and 72°C for 2 min, and then a final
extension at 72°C for 7 min. These PCR products were
then treated with a PCR Product Pre-Sequencing Kit
(USB Co., Cleveland, OH, USA) and were directly
sequenced on both strands using an ABI Big Dye
Terminator Cycle Sequencing Kit (Applied Biosystems,
Foster City, CA, USA) (see Table 1 for sequencing
primers). The excess dye was removed by a DyeEx96 kit
(Qiagen, Hilden, Germany). The eluates were analyzed
on an ABI Prism 3700 DNA Analyzer (Applied
Biosystems). All variations were confirmed by repeating
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A 127delA (43 £5X 22) (sense)
Wild-type Variant

Lt

i

CCCCTGGCTCAGCATGCGGGA CCCCTGGCTCAGCATGCGGGA
GCATGCGGGAG

(A deletion)

B 175de1G (59 X 6) (sense)
Wild-type Variant

i’ ». s i’ 2 ,ri J i ‘ ool bbb e j e 7 %
CCACCAGGCGGTGGTCCTCAC CCACCAGGCGGTGGTCCTICAC
TGGTCCTCACC
(G deletion)

C 271C>T (Arg 91 Cys) (antisense)

Wild-type Variant
i

i i i

I A ij %
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i P g ]
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AGCGTAACGCGATCAAATTCC

Fig. 1
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D 3258>G (Arg 109 Gly) (antisense)

Wild-type

CTAGAATATCICTTCAGAAGA

E si+16T (antisense)

Wild-type

CCAATACAGACCTGAGATAGT

Variant

Variant

@JLR;; o,
CCAATACAGA

Fig. 1. The 4 novel genetic variations with amino acid substitutions and 1 splice donor site variation of human UGT1A44. (A) MPJ6_U1A087
(wild-type, 127A/A; variant, 127A/-). (B) MPI6_U1A089 (wild-type, 175G/G; variant, 175G/-). (C) MPJ6_U1A090 (wild-type, 271C/C; variant,
271C/T). (D) MPJ6_U1A091 (wild-type, 325A/A; variant, 325A/G). (E) MPJ6_U1A096 (wild-type, IVS1+1G/G; variant, IVS1+1G/T).

Arrows indicate the positions of the nucleotide changes.

the PCR on genomic DNA and sequencing the newly
generated PCR products. Furthermore, the rare
variations found in only one subject were confirmed by
sequencing the PCR fragments produced by amplifica-
tion with a high fidelity DNA polymerase KOD-Plus-
(TOYOBO, Tokyo, Japan).

Linkage disequilibrium (LD) and haplotype analysis:
Hardy-Weinberg equilibrium analysis and LD analysis
were performed by SNPAlyze software (Dynacom Co.,
Yokohama, Japan). Pairwise LDs were shown in rho
square (r?) values. Some of the haplotypes were unam-
biguous from the subjects with homozygous SNPs at all
sites or a heterozygous SNP at only one site. Separately,
the diplotype configurations (a combination of haplo-
types) were inferred by LDSUPPORT software, which

determines the posterior probability distribution of the
diplotype configuration for each subject based on the
estimated haplotype frequencies.'” The haplotypes were
described as a number plus a small alphabetical letter.

Results and Discussion

UGTI1A4 exon 1 and its flanking regions (from —286
bases upstream of the translational start site to 112
bases downstream of the end of exon 1) were sequenced
from 256 Japanese subjects. Genbank accession number
AF297093.1 was utilized for the reference sequence.
Nineteen polymorphisms were detected, including 11
novel ones (2 were in the 5'-flanking region, 6 in exon 1,
and 3 in the following intron) (Table 2). All of the allelic
frequencies were in Hardy-Weinberg equilibrium (p=
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0.13 or over). Since we did not find any significant

differences in the frequencies of all the variations among & b & g 3 g g g
three subject groups (p>0.25 by y? test) and between g e e S
two of the three groups (p>0.13 by x? test or Fisher’s £ B2 g2z RE R

b g o D ik o e g Dt o o b M Nl o

exact test), the data for all subjects were analyzed as one
group.

We found two novel nonsynonymous variations,
271C>T (R9IC) and 325A > G (R109G), and two novel
deletions, 127delA (43fsX22) and 175delG (59fsX6), as
individual heterozygotes at a 0.002 frequency. Among
them, 127delA (43fsX22) and 175delG (59fsX6) are the
frameshift variations starting from codon 43 and 59,

VS
A3 111
G T

FAY
+98
ARG

A%3 4
+43
O

respectively, resulting in early stop codons at the 22nd Bl
(i.e. codon 65) and the 6th (i.e. codon 65) codons, =7
respectively. It is most likely that these variations 2= |5
generate an immature protein that probably has null I
activity. The functional significance of 271C>T (R91C) o @
and 325A > G (R109G) is currently unknown. Addition- 546 g
ally, IVS1+ 1G> T, which was found at a frequency of " -
0.002, was located at a splice donor site and thus may g 2 ﬁ
lead to aberrant splicing (Fig. 1). :
We also detected two known nonsynonymous SNPs, & z g
31C>T (R11W) and 142T>G (L48V), at 0.012 and s »
0.129 frequencies, respectively. The frequency of 8 z

142T > G (1.48V) was almost comparable to that of
German Caucasians (0.09).'” 148V was reported to lead
to a partial decrease in glucuronidation of f-naphthyla-
mine and benzidine, a marked decrease in the activity
to frans-androsterone, and no activity toward di-
hydrotestosterone in vitro.'® The functional significance

e
delG | O
59fsX6 1 REIC | RIOIG

UGTI1A4 haplotypes in a Japanese population

of SNP 31C>T (R11W) has not been reported yet. 832 §
High linkage disequilibrium (r?z0.89) was observed e
among —219C>T, —163G>A, 142T>G (L48V), 8% |8
448T>C (L150L), 804G>A (P268P), and IVSI+ m- _iE
43C>T. A perfect linkage (r2=1) was found between 21 g %
175delG and 325A > G (R109G), but found in only one & il
subject. The r? values were below 0.014 between the =t B
other pairs of polymorphisms. The SNP 70C>A 2
(P24T), mostly linked with 142T > G (1.48V) in German <
Caucasians,'® was not detected in this study. Thus, it §

must be clarified whether the differences in the linkage
of those SNPs may lead to the ethnic differences in the -
enzymatic activities of UGT1A4. A similar kind of [

163
GoA
i

ethnic difference has been found in the *IB haplotype,
which harbors the three linked SNPs in the 3’-untransla-
ted region of UGTIA common exon 5 found in a
Japanese population.'” In Caucasian and African-
American populations, this linkage of the 3 SNPs was

-21%
TG

219
T
I

. . - . Bpstulwisiv i siaisiciniels
not complete, especially in African-Americans.'? b il bl el A8 W VR S e ] B R 0l

Using the detected SNPs, haplotype analysis was then
performed (Table 3). Since UGTIA4*2 [70C>A
(P24T)] and *3 [142T>G (L48V)] were defined in
AF465196 and AF465197 (Genbank accession num-
bers), respectively, the novel haplotypes with amino
acid changes, frameshift variations, or splice donor site

Nucteotide change”
Amine arid change

qs.:d.\‘umla;(

°A of the translational start codon of UGTIA4 is numbered 1. AF297093.1 was used as the reference sequence.

"The haplotypes were described as a number plus a small alphabetical letter.
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variation, were assigned as haplotypes *4 to *8. Several
haplotypes were first unambiguously assigned by
homozygous SNPs at all sites (*Ia and *3a) or a
heterozygous SNP at only one site (*Ib, *1d-*1i, *3b,
*4a, and *8a). Separately, we estimated the diplotype
configuration (a combination of haplotypes) for each
subject by LDSUPPORT software. The diplotype
configurations of 256 subjects were inferred with
probabilities (certainty) of 0.9998 or over, except for
one subject. The additionally inferred haplotypes were
*Ie, *5a, *6a, and *7a. As for one subject with a low
probability (who had heterozygous SNPs of
~219C>T, —163 G>A,31C>T, 142T > G, 448T > C,
804G>A, and IVS1+43C>T), the diplotype was
determined by the cloning and sequencing of DNA
fragments. One chromosome had haplotype *3a
(consisting of —219C>T, —163 G>A, 142T>G,
448T > C, 804G > A, and IVS1 +43C>T) and the other
had haplotype *4a (31C>T). Moreover, the data
obtained by cloning and sequencing analysis confirmed
the presence of haplotypes *5a [127delA (43fsX22) and
142T > G (L48V)], *6a [175delG (59£sX6) and 325A>G
(R109G)], and *7a [-219C>T, —163G>A, 142T>G
(L48V), 271C>T (R91C), 448T > C (L150L), 804G>A
(P268P), and IVS1+43C>T] (Table 3). The most
frequent haplotype was *la (frequency: 0.818),
followed by *3a (0.123), *4a (0.012) and *1b (0.010).
The frequencies of the other haplotypes were less than
0.01. Since 325A > G (R109G) was linked with 175delG
(59fsX6), the enzymatic activity of this haplotype (*6a)
is probably null. The other SNP, 271C>T confers the
R91C substitution. In human UGT1A4, eight cysteine
residues were located in the lumenal domain.*'?
Though the disulfide-bond formation and its sig-
nificance are not clear in the UGT1A4, it has been
reported that the reduction of disulfide-bonds of rat
UGTI1A6 with dithiothreitol increases its enzymatic
activity in the liver microsomes.'® On the other hand,
the alterations of several lumenal cysteines into serine
residues seem to reduce the UGT1A6 activity when the
mutant enzymes were expressed in COS cells.'” The
effect of additional cysteine residue at codon 91 in the
UGT1A4 should be determined in the future.

In conclusion, we detected 19 polymorphisms,
including 11 novel ones, in UGTIA4 from a Japanese
population. Using the detected polymorphisms, 16
haplotypes were identified. Our results provide fun-
damental and useful information for genotyping
UGTIA4 in the Japanese, and probably Asian popula-
tions.
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Summary: Thirteen single nucleotide polymorphisms (SNPs), including 6 novel ones, were found in
exon 1 and its flanking region of UDP-glucuronosyltransferase (UGT) 146 from 195 Japanese subjects.
Several novel SNPs were identified, including 269G > A (R90H), 279A > G (S93S), and 308C> A (5103X)
in exon 1, and IVS1+109C>T, IVS1+120A > G, and IVS1 +142C>T in the intron downstream of exon
1. Among these SNPs, 308C > A confers termination of translation at codon 103, resulting in the produc-
tion of an immature protein that probably lacks enzymatic activity. The allele frequencies were 0.003 for
all the 6 SNPs. In addition, the 3 known nonsynonymous SNPs were detected: 19T >G (S7A), 541A>G
(T181A), and 552A > C (R184S) with frequencies of 0.226, 0.218, and 0.226, respectively. High linkage
disequilibrium was observed among 19T >G (S7A), 3156A>G (L105L), 541A>G (T181A), 552A>C
(R184S), and IVS1+130G>T, as reported in Caucasian and African-American populations. Then, 11
haplotypes in UGTI1A6 were estimated. The novel nonsynonymous variant, 269A or 308A, was shown to
be located on the same DNA strand together with 19G, 315G, 541G, 552C, and IVS1+130T. Our results
provide fundamental and useful information for genotyping UGTIA6 in the Japanese, and probably
Asian populations.

Key words: UGTI1AG; single nucleotide polymorphisms; amino acid alteration; nonsense alteration
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Table 1. Primers utilized for UGT1A6 amplification and sequencing
Direction Primer Name Sequences Position®
1st Amplification forward UGT1A6ZF TTCTGTAGGGACTTCTGGGACTA 107550
reverse UGTI1A6ZR TCAGGAGGGCATCTGTAAACACT 111117
2nd Amplification forward UGT1AG6-1stF TAACTTTTCAGAGAGGGAGAAGC 109328
reverse UGT1A6-1stR ACTTCAGCCTCAGGTCTCCTAT 110642
Sequencing forward UGT1AG6-1stF TAACTTTTCAGAGAGGGAGAAGC 109328
forward UGT1A6seqF2 TGACAAGCTGCTGGTGGTC 109687
forward UGT1A6seqF3-2 CCCAGACCCTGTGTCCTACAT 110164
reverse UGT1A6seqR1 AAAGCAAATTAACTTCAGGCA 109808
reverse UGT1A6seqR2 ACAAATTAACAAGGAAGTTGGC 110258
reverse UGT1A6-1stR ACTTCAGCCTCAGGTCTCCTAT 110642

* The position of the 5/ end of each primer on AF297093.1

Introduction

The UDP-glucuronosyltransferase enzymes (UGTs)
are members of a superfamily of membrane-anchored
enzymes located in the endoplasmic reticulum that
catalyze the conjugation of glucuronic acid to a
nucleophilic substrate.” Glucuronidation is important
for the detoxification and elimination of a large number
of endogenous and exogenous compounds. So far, two
UGT gene subfamilies have been identified in humans,
UGTI and UGT2.? The human UGTIA gene cluster is
located on chromosome 2q37 and consists of at least 13
different exon 1’s, including four inactive exon 1’s
(1A2P, 1A11P, 1AI12P, and 1A13P), and common
exons 2 to 5. One of the exon 1’s can be spliced onto
the other common exons.” The N-terminal domains
(encoded by the exon 1’s) of the UGTIA proteins
determine their substrate-binding specificity, and the
C-terminal domain (encoded by the exons 2 to 5) is
important for binding to UDP-glucuronic acid.?

UGTIAG6 is expressed in liver, bile ducts, stomach,
colon, kidney, and brain."*® UGTIA6 plays important
roles in the elimination of phenols and amines,
including 1-naphthol, irinotecan, acetaminophen,
and g-blockers."”? In addition, 5-hydroxytryptamine
(serotonin) was reported as an endogenous substrate
of UGTIAG6.® Several genetic polymorphisms with
functional changes were reported for UGT1A6. Firstly,
Ciotti ef al. reported two nonsynonymous single
nucleotide polymorphisms (SNPs) 541A>G (T181A)
and 552A > C (R184S), both of which are in high (but
not complete) linkage disequilibrium with each other.'®
These variations are located in the putative endoplasmic
reticulum-localization signal.’? The variant enzyme
with the two amino acid alterations had reduced
activities in vitro for 4-nitrophenol, methylsalicylate,
3-O-methyl-dopa, and S-blockers, such as propranolol,
whereas it had almost comparable activities for 3-
iodophenol compared to the wild-type enzyme. On the

other hand, a recent study showed that the other SNP,
19T>G (S7A), located in the N-terminal signal
sequence, was also highly linked with 541 A>G
(T181A) and 552A>C (R184S)."? The homozygous
variant enzyme with all 3 SNPs (corresponding to the
homozygote) glucuronidated 4-nitrophenol approxi-
mately two-fold higher than the wild-type in vitro.
Interestingly, concomitant expression of both the
wild-type and the variant with these 3 SNPs (corre-
sponding to the heterozygote) showed decreased activity
in vitro.

Though UGT1AS6 is important for detoxification of
many compounds, comprehensive sequence analysis for
the genetic polymorphisms of UGTIA6 in Asian
populations, which includes the Japanese, is currently
lacking. In this study, exon 1 of UGTIA6 was
sequenced from 195 Japanese subjects. Six novel SNPs,
including two nonsynonymous ones, were identified
from this sequence analysis.

Materials and Methods

Human genomic DNA samples: All 195 subjects in
this study were Japanese patients with various solid
cancers (88 subjects), who were administered irinotecan,
or patients with arrhythmia (107 subjects), who were
administered anti-arrhythmic drugs and p-blockers.
Genomic DNA was extracted from blood leukocytes
and used as a template for the polymerase chain
reaction (PCR). All of the ethics committees of the
National Cancer Institute, the National Cardiovascular
Center, and the National Institute of Health Sciences
approved this study. Written informed consent was
obtained from all participating subjects.

PCR conditions for DNA sequencing: First, exon 1
of UGT1A6 was amplified from genomic DNA (150 ng)
using 2.5 units of Z-Taqg (Takara Bio. Inc., Shiga,
Japan) with 0.2 uM of the 1st amplification primers (see
Table 1). The first PCR conditions consisted of 30
cycles of 98°C for 5 sec, 55°C for 5 sec, and 72°C for
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Table 2.

Number of subjects

Position

SNP ID

translational

From the
initiation site or

Homo-
zygote Frequency

Hetero-
zygote

Wild-type

Amino acid
change

Nucleotide change and flanking
sequences (5’ to 3')

. AF
GKB* rence L0@OD 397003 1

dbSNP  Pharm Refe-

(NCBI)

This Study

0.226
0.044
0.003
0.003
0.003
0.226
0.218
0.226
0.008
0.003
0.003
0.208
0.003

10
0
0
0
0

10

10

10
0
0

10
0

68
17
1
1
1
68
65
68
3
1
1
61
1

117
178
194
194
194
117
120
117
192
194
194
124
194

S7TA
D35D
R90H
$93S
5103X
L105L
T181A
R1845
V209V

TGCCTCCTTCGCT/GCATTTCAGAGAA
GGTCCCTCAGGAC/TGGAAGCCACTGG
AGCTGAAGAACCG/ATTACCAATCATT
CCGTTACCAATCA/GTTTGGAAACAAT
TTGCTGAGCGATC/AATTCCTAACTGC
GCGATCATTCCTA/GACTGCTCCTCAG
TCCCTGGAGCATA/GCATTCAGCAGAA
TACATTCAGCAGA/CAGCCCAGACCCT
TTCCCAACGAGTG/TGCCAACTTCCTT
TTCCTGGAGAAAC/TGGTGGGGGGAAG
ACGGTGGGGGGAA/GGTGATACCCGGC
GAAGTGATACCCG/TGCTCGGAGCAGC
GGCTCGGAGCAGC/TGGGAACACATAG

exon 1 (IVS1+)
19
105
269
279
308
315
541
552
627
IVS1+109
IVS1+120
IVS1+130
IVS1+142

from the end of

109628
109714
109878
109888
109917
109924
110150
110161
110236
110579
110550
110600
110612

Exon 1
Exon 1
Exon 1
Exon 1
Exon 1
Exon 1
Exon 1
Exon 1
Exon 1
Intron 1
Intron 1
Intron 1
Intron 1

12)
12)
10)
10)

(¢]
0]
e}
o
6]
o
6}

156759892
rs4365456
52070959°
rs4365457
rs7592281

MPJ6_U1A069
MPJ6_U1A070*
MPJ6_ULA071*
MPJ6_U1A072*
MPJ6_U1A073
MPJ6_U1A074
MPJ6_UIAO075
MPJ6_U1A076
MPJ6_U1AQ77*
MPJ6_U1A078"
MPJ6_ULA079

MPJ6_U1A080"

MPJ6_U1A068

b Also included in the JSNP database as IMS-JST006083.
¢ SNPs publicized in the PharmGKB database were shown as “‘o”’.

2 Novel variations detected in this study.
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190 sec. Then, the PCR products were amplified by
Ex-Taq (0.625 units) (Takara Bio. Inc.) with the 2nd
amplification primers (0.2 4M) designed in the introns
(see Table 1, 2nd Amplification). The second round of
PCR was 94°C for 5 min, followed by 30 cycles of 94°C
for 30 sec, 55°C for 1 min, and 72°C for 2 min. These
PCR products were then treated with a PCR Product
Pre-Sequencing Kit (USB Co., Cleveland, OH, USA)
and were directly sequenced on both strands using an
ABI Big Dye Terminator Cycle Sequencing Kit (Applied
Biosystems, Foster City, CA, USA) (see Table 1,
Sequencing). The excess dye was removed by a DyeEx96
kit (Qiagen, Hilden, Germany). The cluates were
analyzed on an ABI Prism 3700 DNA Analyzer
(Applied Biosystems). All the SNPs were confirmed by
repeating the PCR on genomic DNA and sequencing the
newly generated PCR products.

Linkage disequilibrium (LD) and haplotype analysis:
LD analysis was performed by SNPAlyze software
(Dynacom Co., Yokohama, Japan), and a pairwise LD
between SNPs was obtained for the rho square (%)
values. Some of the haplotypes were unambiguous from
subjects with homozygous SNPs at all sites or a heter-
ozygous SNP at only one site. Separately, the diplotype
configurations (a combination of haplotypes) were
inferred by LDSUPPORT software, which determines
the posterior probability distribution of the diplotype
configuration for each subject based on the estimated
haplotype frequencies.'® The diplotype configurations
of all subjects had a probability (certainty) of 1. The
haplotypes inferred in only one chromosome are
described with the haplotype name and a question mark
in Table 3, since the predictability for these very rare
haplotypes is known to be low in some cases.

Results and Discussion

UGTIAG6 exon 1 and its flanking region were
sequenced from 195 Japanese subjects. Genbank
accession number AF297093.1 was utilized for the
reference sequence. Thirteen SNPs, including 6 novel
ones [3 were in the exon 1 and 3 in the following intron],
were detected (see Table 2). All of the detected SNPs
were found in Hardy-Weinberg equilibrium. Since we
did not find any significant differences in the SNP
frequencies between the two disease types (by x? test or
Fisher’s exact test, p>0.31), the data for all subjects
were analyzed as one group.

Two novel nonsynonymous SNPs, 269G > A (R90H)
and 308C>A (5103X), were found as individual
heterozygotes at a 0.003 frequency (Fig. 1). Among
them, 308C> A confers the termination of translation
at codon 103, resulting in the production of an
immature protein most probably with null activity, since
it lacks 81% of the structure, including the C-terminal
domain important for UDP-glucuronic acid binding.
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The functional significance of the other SNP, 265G > A
(R90H), is currently unknown. Further functional
analysis using a heterologous expression system should
be pursued. Moreover, further study is necessary to
evaluate the real frequencies of the very rare SNPs
found in only one chromosome.

Also, the 3 known nonsynonymous SNPs, 19T>G
(STA), 541A>G (T181A), and 552A > C (R18483), were
detected at 0.226, 0.218, and 0.226 frequencies,
respectively. The frequencies for 541A > G (T181A) and
552A > C (R1848S) were comparable to those of Asians
in the previous report.'"” High linkage disequilibrium
(r*=0.90) was observed among 19T>G (S7A),
315A>G (L105L), 541A>G (T181A), 552A>C
(R1848S), and IVS1 + 130G > T, as reported in Caucasian
and African-American populations.'? The r? values

Haplotypes
ref 1)
)‘:1
o

i
0,008

0.003
0.003

0.774]
2

Frequency
U.736
(.044
8003
0003
(.197
0.003
008
G003
0003

+142
(=g

IVSi

521

vt
+}
=T

TR R, were below 0.035 for the other combinations of SNPs.
> 2 Using the detected SNPs, haplotype analysis was then
performed (Table 3). We basically followed Nagar

§ nSE » et al.'® for the haplotype numbering of UGTI1A46, since
L ES - they included the highly linked four SNPs, 19T>G
E > B (S57A), 315A>G (L105L), 541A>G (T181A), and
2 % {5 § ' 552A>C (R184S). The subtype numbering followed
ﬁ - - their frequencies (from High to low frequencies). Several
Sl w42 | - haplotypes were first unambiguously assigned by
Sl aa E | . homozygous SNPs at all sites (*/a and *2a) or a
a - - heterozygous SNP at only one site (*1b, *Ic, *2c, and
= = &? g *5a). Note that the subject with novel heterozygous
'% o 308C>A (S103X) had homozygous 19T>G (S7A),
= T2 315A>G (L105L), 541A>G (T181A), 552A>C
N % & (R1848), and TVS1+ 130G > T (*2a haplotype), indicat-
5 <13 ing that 308C>A (S103X) is linked with these SNPs
> o | 3% (forming the *5a haplotype). Separately, the diplotype
=) § configuration (a combination of haplotypes) for each

subject was estimated by LDSUPPORT software. The
additionally inferred haplotypes were one *I subtype
(*1d), two *2 subtypes (*2b and *2d), *4a, and *6u. As
for *6a, cloning and sequencing of DNA fragments
obtained from the subject with heterozygous 269G > A
(R90H) revealed that 269A is located on the same DNA

Table 3.

9
Ay
$938

269

GA
RODH

P - strand together with 19G, 315G, 541G, 552C, and IVSI
A {:} % +130T. The determined/inferred haplotypes were
- summarized in Table 3. We did not detect *3 haplotype,

R which consists of only SNP 19T > G (S7A). The most
RPARN frequent haplotype was *la (frequency: 0.726),
followed by *2a (0.197), *1b (0.044), and *2b (0.010).

N The frequencies of the other haplotypes were less than

P I 0.01. The total frequency of the *2 haplotypes (0.213)

* was almost comparable to those in Caucasians (0.274)

and African-Americans (0.243).'» On the other hand,

the *4 frequency (0.008) was significantly lower
(p<0.01 by Fisher’s exact test) than those in
Caucasians (0.052) and African-Americans (0.047).'%
In conclusion, 13 SNPs were detected, including 6
novel ones, in UGTIA6 from the Japanese population.

#f
5
g
5
x5

Sedsopdeg

* A of the translational start codon of UGTIAG6 is numbered 1. AF297093.1 was used as the reference sequence.

® The haplotypes were described as a number plus a small alphabetical letter.
¢ The haplotypes inferred in only one chromosome are described with the haplotype name and a question mark.

Nucleotide change’
Aminoe acid change
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A 269G>A (Arg 90 His) (antisense)

Wild-type

-

e A3
i S o

TGATTGGTAACGGTTCTTCAG

B

Wild-type

/3

TGATCGCTCAG

Variant

2N

RS

T
N

[
l §
; !

TGATTGGTAAQGGTTCTTCAG
T

308C>A (Ser 103 X) (antisense)

VYariant

IR

H
4]

H

H

| )
AT

%

£ i 1 1§ & 3

\didad i . , WL A

AGTCAGGAATGATCGCTCAGC
T

s
R

-

=N

Fig. 1. The novel nonsynonymous SNPs of human UGTIA6. (A) MPJ6_U1A070 (wild-type 269G /G; variant 269G/A). (B) MPJ6_U1AQ072
(wild-type 308C/C; variant 308C/A). Arrows indicate the positions of the nucleotide changes. Note that the patient with heterozygous 308C>A

also had homozygous 315A > G (L105L) alterations (shown in blue).

Using the detected SNPs, 11 haplotypes were
determined and/or inferred. Our results provide
fundamental and useful information for genotyping

UGTIA6 in the Japanese, and probably Asian
populations.
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