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Attitude to extended use and long-term storage of newborn screening
blood spots in Japan

Chieko Fujii,'* Yuki Sato,” Shohei Harada,’ Naoko Kakee,® Yan-Hong Gu,’ Tadaaki Kato,® Haruo Shintaku,* Misao Owada,’
Fumiki Hirahara, Hozo Umehashi’ and Makoto Yoshino'

'Department of Pediatrics and Child Health, Kurume University School of Medicine, Kurume, *National Institute for
Environmental Studies, Tsukuba, *National Center for Child Health and Development, SKagawa Nutritional University,
Tokyo, *Department of Pediatrics, Osaka City University, Osaka, “Department of Obstetrics and Gynecology, Yokohama City
University School of Medicine, Kanagawa and "Kumamoto Health Science University, Kumamoto, Japan

Abstract Background: Residual dried blood spots (DBS) remaining after routine newborn screening (NBS) tests are candidate
specimens for extended uses such as quality assurance and the development of new technology. A trial of NBS using
tandem mass-spectrometry was launched in 2004 in Japan. The aim of the present study was to analyze the attitudes of
the public, patient families, and medical professionals toward the extended use and long-term storage of residual DBS,
and to construct a standardized informational brochure.

Methods: A questionnaire was sent to randomly selected members of the public, members of the Japanese Phenylke-
tonuria (PKU) Association, medical staff of a general hospital, staff of a children’s hospital, obstetricians and gyne-
cologists, pediatricians and NBS personnel. Associated responses, which were given in a free comment format, were
analyzed by text mining.

Results: The awareness ratio of NBS was low in the public (26.6%), but despite this, when a brief explanatory note on
NBS was provided, 71.7% of them recognized the necessity of NBS. They were less positive than medical professionals
and PKU patient families regarding the extended use of DBS for forensic investigation, for the study of health problems,
or long-term storage of residual DBS, regardless of whether these factors affected them personally or not. Among the
medical professionals, obstetricians and pediatricians exhibited a higher ratio of negative responses toward the extended
use and long-term storage of DBS than others.

Conclusion: The general public is more conservative than PKU patients and their families or medical professionals
about the extended use or long-term storage of residual DBS. Presentation to the public, particularly to couples of
childbearing age, of appropriate explanatory information on NBS itself, or the extended use or long-term storage of
residual DBS, is recommended.

Key words biobank, dried blood spots, long-term storage, newborn screening, text mining.

The newborn screening (NBS) program commenced in 1977 in The rationale for extended use and long-term storage of
Japan.' Dried blood spots (DBS) remaining after regular NBS residual DBS is currently under debate. It is controlled by
tests are the best candidates for use not only as quality control regulations or statutes specific to the NBS program, or as part of
specimens for NBS and the development of new screening tech- governmental policy, in certain European countries,** Australia,
nology. but also for scientific research and forensic investiga- New Zealand,” and in some States of the USA.™ Guidelines for
tion. Systematic, large-scale collection and storage of biological the handling of DBS, including the general rules for extended
specimens in facilities generally termed “Biobanks”, is now in use, were presented in Japan in 1998.” These guidelines require
operation in some countries, following the first implementation that prior parental consent be given for the extended use of DBS
in Iceland and the UK in 1998.7 Residual DBS are a potential for each specific purpose. A trial of screening on tandem mass-
source for biobanking owing to the high coverage rate among spectrometry was launched in 2004 in Japan. With implementa-
populations.’ tion of this pilot study, substantiation of the requirement outlined

in the guidelines has become mandatory. The rationale for long-

term storage of residual DBS is also another issue to be dis-
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Methods Analysis of free comments by text mining

The questionnaire consisted of brief explanatory notes and seven Free comments were analyzed by text mining using the True
questions (Table 1). This questionnaire was based on a poll ques- Teller program (Nomura Research Institute, Tokyo, Japan), as
tionnaire developed in the UK.’ The questionnaire was sent to follows.

the following: (i) members of the public; (ii) members of the Free comments written in Japanese were first subjected to word
Japanese Phenylketonuria (PKU) Association (JPA); (iii) medical segmentation. Nouns were then extracted and ranked in the order
staff (excluding clerical employees) of Kurume University of their usage frequency in the texts. Clusters of semantically close
Hospital (KUH); (iv) personnel (including clerical employees) words were constructed first from the top 10 nouns, and then

of the National Center for Child Health and Development groups of words with lower frequency were added to the parent
(NCCHD); (v) members of the Japan Pediatric Society (JPS); (vi) cluster. Semantic similarity was determined at each step by depen-
members of the Japanese Society of Obstetrics and Gynecology dency parsing and by directly examining the original text.
(JSOG); and (vii) members of the Japanese Society for Mass- Results )

screening (JSM). Selection of addressees was randomized using
SPSS version 14 (SPSS Japan, Tokyo, Japan). The questionnaire
was sent to members of the public and members of the JPS The démographic background of the participants is summa-
(parents of patients) and JSOG via email, and to the other groups rized in Table 2. The recovery rate ranged from 26.9% (JSOG
via regular mail. The period of survey was 1 April 2006-30 members) to 60.4% (JSM members). There was a predominance
November 2007. of female responders from the JPA, and a predominance of male

Question 1

Table 1 Content of questionnaire

QUESTIONNAIRE ON THE USE OF BLOOD SPOTS REMAINING AFTER NEWBORN SCREENING TESTS
Question 1. Please provide your gender, birth year and month, and occupation (please specify).
Question 2a. Did you know that newborn screening tests are conducted in our country?
1. Yes, I knew.
2. No, I have never heard of it /I only came to know of it through this questionnaire.
Question 2b. If you answered “1. Yes, I knew.” to question 2a:
How did you know of newborn screening tests? Please mark every option that applies.
1. Because I have undergone the test
2. Because my child(ren) has (have) undergone the test
3. Because I am engaged in medical service
4, Because I am a member of a newborn screening test-associated organization.
5. Because I am a member of a society of patients’ or their families.
6. Other (please specify)
Question 3. Do you think newborn screening tests is necessary?
1. Yes 2. No 3. Unsure
Question 4. How do you feel about the use of residual blood spots by screening laboratories or research laboratories in order to maintain and
improve newborn screening technology?
1. Agree 2. Neither agree nor disagree 3. Disagree 4. Unsure
Please give your free comments.
Question 5. Stored residual blood spots can be used to identify victims of a fire or natural disaster with the aid of DNA analysis. How do you
feel about residual blood spots being used for such purposes?
1. Agree 2. Neither agree nor disagree 3. Disagree 4. Unsure
Please give your free comments.
Question 6a. How do you feel about your own or your family’s residual blood spots being used to study health problems or medical research
that directly involve you or your family?
1. Agree 2. Neither agree nor disagree 3. Disagree 4. Unsure
Please give your free comments.
Question 6b. How do you feel about your own or your family’s residual blood spots being used to study health problems or medical research
that do not directly involve you or your family?
1. Agree 2. Neither agree nor disagree 3. Disagree 4. Unsure
Please give your free comments.
Question 7a. How do you feel about the storage of residual blood spots for a long period (several decades), if they may be used in the future
for the benefit of you or your family?
1. Agree 2. Neither agree nor disagree 3. Disagree 4. Unsure
Please give your free comments.
Question 7b. How do you feel about the storage of residual blood spots for a long period (several decades), if they may be used in the future
for the benefit of society in general?
1. Agree 2. Neither agree nor disagree 3. Disagree 4. Unsure
Please give your free comments.
End of Questionnaire

Occupation was excluded from these questions when they were addressed by the members of the public and Japanese Phenylketonuria
Association.
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Table 2 Participant demographic data
Members of JPA KUH medical NCCHD JPS JSOG ISM

the public members staff personnel members members members
No. addressees 2127 351 177 751 1012 992 396
No. respondents 1030 182 651 355 350 267 263
Recovery rate (%) 48.8 36.2 55.3 473 38.5 269 - 66.4
Median age (years) (range) 41.5 43.0 36.0 35.0 49.0 49.0 48.5

(21-61) (19-80) (19-62) - (22-76) (25-81) (23-80) (26-93)

Male/Female ratio (%) 50.7/49.2 20.9/79.1 37.0/62.7 33.0/67.0 63.0/37.0 87.1/12.9 58.2/41.8

JPA, Japan Phenylketonuria Association; JPS, Japan Pediatric Society; JSM, Japanese Society for Mass-screening; JSOG, Japan Society of
Obstetrics and Gynecology; KUH, Kurume University Hospital; NCCHD, National Center for Child Health and Development.

responders from the JSOG. Medical personnel respondents
consisted of physicians (n = 1106), nurses (n = 324), laboratory
technicians (# = 36), pharmacists (n = 15), radiologists (n = 12),
midwives (n = 3), dieticians (n = 3) and others (n = 24). Occu-
pation was not requested for members of the public or the JPA
(Table 1). .

The responses to questions in each group are given in Table 3.
Data on differences between male and female responses are
not presented unless described specifically. In Table 3, data are
presented for “yes” or “no,” and “agree” or “disagree” responses
alone. The remaining answers were classified as “ambiguous”
collectively, and are not given in the table.

Question 2

The ratio of members of the public who answered that they knew
that NBS was conducted (26.6%) was lower than that of any of
the other groups of subjects (question 2a). This ratio was lower in
male (13.2%) than in female (40.4%) members of the public.

The leading reasons whereby members of the public had
become aware that NBS was conducted (question 2b) were as
follows: “because I am engaged in medical service” (56.2%),
followed by “because my child(ren) underwent the test” (28.8%).
Among 507 female members of the public who responded, 324
(63.9%) answered that they had ever given birth. Of the 324, 183
(56.5%) replied that they had known of NBS. Among these 183,
164 (89.6%) knew of NBS because their babies had undergone
the test.

Question 3

The ratio of those who answered that NBS was necessary was
71.7% in members of the public, while it was 285.7% in the other
groups. The ratio of respondents who were opposed to NBS was
<0.8% in every group.

Question 4

The ratio of respondents who responded positively towards the
use of residual DBS to maintain and improve NBS technology
was lower in members of the public and medical staff of a general
hospital (KUH) than in the groups that were involved in conduct-
ing NBS or had benefited from it (patients and their families).

Question 5

The ratio of positive responses toward the use of residual DBS for
forensic purpose in members of the public was closer to the ratios
in the other groups, when compared to other questions.

Question 6

The ratio of positive responses toward the use of residual DBS to
study health problems or medical problems that directly involved
themselves or their family (Question 6a) varied from 63.1%
(members of the public) to 81.4% (JSM members). In the event
that the purpose of DBS use was unrelated to themselves or
their family, the ratio was lower in every group, except JSOG
members, who gave identical ratios of affirmative answers for
both questions (Question 6b).

Question 7

The ratio of responses that were positive towards storage of
residual DBS in the event that they might be used for themselves
or their family was relatively uniform among all the groups,
except members of the public, who had a lower ratio (Question
7a). This tendency was reproduced in responses regarding the
event that residual DBS might be used for the benefit of society
in general, although the positive response ratio was generally
lower in every group, with the exception of JMS members.

In every group the ratio of negative responses was generally
higher in questions 6b and 7b than in all the other questions.
Text mining analysis
Three concepts were generated from the clusters of words that
were constructed as described in the previous section. The clus-
tered words (shown in parentheses) and concepts deduced from
them (shown in brackets following an arrowhead) were as follows:
(i) (privacy, administration, information, identity, etc.) > [personal
datal; (ii) (agreement, approval, written consent etc.) > [availabil-
ity of consent]; and (iii) (progress, research, medical science,
therapy etc.) > [progress in medicine]. The frequency of usage of
words that are relevant to each concept is illustrated in Figure 1.

In brief, words related to the “personal data” concept appeared
at approximately the same frequency in each group (Fig. 1a). The
usage frequency of words related to the “availability of consent”
concept, however, was lower in members of the public and JPA
members than in the other groups (Fig. 1b). In contrast, words
related to the “progress in medicine” concept were more fre-
quently used in members of the public and JPA members than in
the other groups (Fig. 1c).

Discussion

The ratio of members of the public who were aware that NBS was
being conducted in Japan was <27% (Question 2a). Nearly half

© 2010 Japan Pediatric Society
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Disagree

Agree
Agree

Question 6a (Use for own health problems)

Disagree
Agree

Question 6b (Use for health problems of others)

Disagree

Agree

Question 7a (Long-term storage for own benefit)

Question 7b (Long-term storage for benefit of others)

Disagree

Synopses of questions are shown in brackets. Please refer to Table 1 for full text of questions. Answers “yes” or “no” and “agree” or “disagree” alone are indicated. The remaining answers

were classified as “ambiguous” collectively, and are not given in the Table.

JPA, Japan Phenylketonuria Association; JPS, Japan Pediatric Society; JSM, Japanese Society for Mass-screening; JSOG, Japan Society of Obstetrics and Gynecology; KUH, Kurume

University Hospital; NBS, newborn screening; NCCHD, National Center for Child Health and Development.
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of the female members of the public who had ever given birth
replied that they did not know that NBS was being implemented.
This result would imply that briefing on NBS was not provided in
enough detail to be remembered by mothers, or was not given at
all. This low awareness ratio appears to be closely linked with
the lower usage frequency of words related to the “availability of
consent” concept in members of the public than in other groups
(Fig. 1b).

Approximately 70% of members of the public agreed with the
significance and necessity of NBS, when some information on
NBS was provided (Question 3). In addition, members of the
public used words related to the “progress in medicine” concept
most frequently among all the seven groups, when their question-
naire responses were analyzed by text mining (Fig. 1c). All these
results indicate that the public is potentially interested in NBS
and anticipates benefit from it. Therefore, intensive publicity
regarding the purpose and benefit of NBS among the general
public, and in particular couples who intend to have children,
is expected to be useful.

Approximately 66.8-90.1% of respondents in each group,
excluding members of the public, had positive responses toward
the extended use of residual DBS to evaluate and improve current
NBS technology and to develop new technologies (Question 4).
The extended use of DBS, and the duration of storage of residual
DBS and associated personal data, are governed by legislation
or by recommendations proposed by academic societies in
Denmark,* UK,® Australia, New Zealand,® France,'® The Nether-
lands'® and 16 States in the USA.® In Japan, the general guide-
lines that control the extended use of DBS were set out in 1998.°
For routine screening tests, oral or written information is pro-
vided to parents in various ways in accordance with this guideline
in individual areas. Notification on the storage policy, however,
for residual DBS is generally not included in such information.
Explicit documentation and publicity regarding storage policy is
essential to ensure transparency about the outcomes of DBS and
to avoid public confusion about their storage, as was encountered
in the Enschede disaster.”” The articulation of policies regarding
storage of human materials and data is strongly recommended
in the operation of human biobanks and genetic databases in
general, according to a recent OECD recommendation draft."!
Residual DBS are systematically registered and stored nation-
wide and used for research in Denmark* and the UK.® Purposes of
storage are specified in these countries. They are, in brief, later
retesting, quality assurance, improvement and development
of new NBS programs, and research. Residual DBS are used for
research purposes and the system is termed “biobank™ in these
countries.** In laboratories in Japan, the purposes, duration and
conditions of storage of residual DBS are diverse.'? A common
purpose of storage is to provide for possible retesting. It is crucial
to make the purpose of storage of residual DBS clear in order to
first determine the duration and conditions of storage, because
the stability of analytes on DBS is largely unknown.® All of
these results indicate that presentation to the public, particularly
couples of child-bearing age, of appropriate explanatory infor-
mation on the extended use and long-term storage of residual
DBS is necessary. Presentation of information on the NBS
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Fig. 1 Usage frequency of words (%) related to the concepts (a) personal data; (b) availability of consent; and (c) progress in medicine, The
usage frequency number is defined as the sum of every word that is related to each concept divided by number of comments made for every
question. JPA, Japanese Phenylketonuria Association; JPS, Japan Pediatric Society; JSM, Japanese Society for Mass-screening; JSOG,
Japanese Society of Obstetrics and Gynecology; KUH, Kurume University Hospital; NCCHD, National Center for Child Health and

Development.

program to couples during pregnancy may allow better under-

standing of the program."

Attitudes toward the use of DBS for forensic purposes were
similar among all the groups (Question 5). It remains open
whether or not consent for extended use for such a purpose
should be included in routine explanatory brochures. Legislation
or regulation regarding whether or not a screening laboratory can
release stored DBS upon judicial order should also be discussed.
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Tetrahydrobiopterin (BHy) acts as a cofactor of the aromatic amino-acid
hydroxylases, and its deficiency may result in hyperphenylalaninemia (HPA) and
decreased production of the neurotransmitters. BH, is synthesized by sepiapterin
reductase (SPR) from 6-pyruvoyl-tetrahydropterin (PPH,). A patient with SPR
deficiency shows no HPA; however, an SPR knockout mouse exhibits HPA. We
have reported on the SPR-unrelated novel biosynthetic pathway from PPH, to BH,
(salvage pathway II) in which 3a-hydroxysteroid dehydrogenase type 2 and aldose
reductase work in concert. In this study, we performed the expression analysis of
both proteins in humans and wild-type mice. The results of expression analysis
indicated that salvage pathway II worked in human liver; however, it did not act in
human brain or in mouse liver and brain. For this reason, a patient with SPR
deficiency may show progressive neurological deterioration without HPA, and SPR
knockout mice may exhibit HPA and abnormal locomotion activity.

Key words: AKR1B1, AKR1C3, Aldo-keto reductase, BH, deficiency, SPR deficiency.

Park et al.

(11) previously reported that human

amino-acid hydroxylases (I, 2), which catalyses the
initial steps in phenylalanine degradation in the liver
and the rate-limiting steps in the biosynthesis of
catecholamine and indoleamine neurotransmitters in
the brain. BH, is also required by nitric oxide synthase,
which generates nitric oxide, a messenger molecule
involved in various processes in many tissues (3, 4).

The pathway of the de novo biosynthesis of BH, from
GTP involves GTP cyclohydrolase I (GTPCH-I, EC
3.5.4.16), 6-pyruvoyl-tetrahydropterin synthase (PTPS,
EC 4.6.1.10) and sepiapterin reductase (SPR, EC
1.1.1.153). SPR catalyses the last step of the biosynth-
esis, in which the diketo group on the side chain of PPH,
is converted into the corresponding diol form in BH,
(5-7). A deficiency of BH, causes hyperphenylalaninemia
(HPA), which leads to the abnormal development of
mammalian neonates.

In 2001, SPR deficiency was first discovered in a
patient with progressive psychomotor retardation and
dystonia. However, the patient showed normal urinary
pterins without HPA (8-10). These findings suggest that
an enzyme or enzymes other than SPR may be involved
in the formation of BH, from PPH,.

*To whom correspondence should be addressed. Tel: +81-3-5317-
9716; Fax: +81-3-5317-9716; E-mail: iino@chs.nihon-u.ac.jp

monomeric carbonyl reductase (CBR) reduces PPH,
to both 1"-0x0-2-hydroxypropyl-tetrahydropterin
(1’-OXPHy) and 1-hydroxy-2’-oxopropyl-tetrahydropterin
(2-OXPH,) and that aldose reductase (AKR1B1, EC
1.1.1.21) catalyses the reduction of 2-OXPH, to BH,.
Therefore, if both AKR and CBR proteins exist in
the tissue, BH, can be synthesized from PPH, with-
out SPR. However, the 2-OXPH,-forming activity of
CBR is quite low compared to its 1’-OXPH,-forming
activity. Therefore, the BH,-forming activity, which
involves CBR and AKR1B1, functions with difficulty in
humans.

Blau et al. (9) proposed that BH, is synthesized
through salvage pathway I in the case of SPR deficiency
(Fig. 1). In salvage pathway I, sepiapterin, which is
generated non-enzymatically from 1-OXPH,, is con-
verted to dihydrobiopterin (BH,;) by CBR. The final
reduction to BH, in the liver is catalysed by the enzyme
dihydrofolate reductase (DHFR, EC 1.5.1.3). The activity
of DHFR is ~10x lower in the brain than in the liver.
Thus, sepiapterin is reduced to dihydrobiopterin by CBR
but cannot be further reduced to BH, owing to low
DHFR activity in the brain. Therefore, they concluded
that a patient with SPR deficiency shows progressive
psychomotor retardation without HPA.

We previously discovered two carbonyl reductases (CRI
and CRII) that are involved in the formation of BH, from
PPH, in the fat body of the lemon mutant and the

€ The Authors 2009. Published by Oxford University Press on behalf of the Japanese Biochemical Society. All rights reserved.
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normal strain of the silkworm, Bombyx mori (12-14).
Furthermore, we have reported on a novel alternative
biosynthetic pathway (salvage pathway II) from PPH, to
BH,, in which 3o-hydroxysteroid dehydrogenase type 2
(AKR1C3, EC 1.1.1.213) and AKR1B1 work in concert
(Fig. 2) (I15). Salvage pathway II shows that AKR1C3
efficiently catalyses the reduction of PPH,; to the
intermediate metabolite, 2’-OXPH,, which is reduced to
BH,4 by AKR1BI1.

Recently, Yang et al. (I6) indicated that the SPR
knockout mouse exhibited HPA, dwarfism and impaired
body movement. Furthermore, Spr~'~ mice, as reported
by Takazawa et al. (17), also showed HPA. In spite of
adequate activity of CBR and DHFR in the mouse liver,
SPR knockout mice show HPA. Thus, salvage pathway I,
which is proposed by Blau et al. (9), may not function in
mouse liver. We believe that salvage pathway II works
in human liver but not in wild-type mouse liver.
Consequently, humans who lack SPR may show no
HPA, and SPR knockout mice show HPA. In order to
verify this hypothesis, we examined the expression
analysis of AKRI1IB1 and AKR1C3 proteins in human
and wild-type mouse tissues using anti-AKR1B1 or anti-
AKRI1C3 antibodies. In the case of mice, western blot and
immunohistochemical analyses showed that the AKR1C3
protein was expressed in the liver but not in the brain.
In contrast, the AKR1B1 protein was detectable in the
brain but not in the liver.

In the case of humans, western blot analysis showed
that the AKRIB1 and AKRI1C3 proteins were both
expressed in the liver; however, AKR1B1 was only
expressed in the brain, and AKRIC3 could not be
detected in the brain.

These results of the expression analysis of AKR1B1
and AKR1C3 by means of immunohistochemistry and
western blot analysis could be explained by the relation-
ship between HPA in SPR knockout mouse and the
absence of HPA in patients with SPR deficiency.
Moreover, they suggest that the SPR-unrelated BH,
formation pathway from PPH,, which is involved in the
AKR enzymes, functions in the human liver. In this
report, for the first time, we explain the reasons that
SPR knockout mice show abnormal locomotion activity
with HPA and a patient with SPR deficiency exhibits
progressive neurological deterioration without HPA.

MATERIALS AND METHODS

Chemicals and Enzymes—BH,; and sepiapterin
were purchased from Dr Schircks (Jona, Switzerland).
Dihydroneopterin triphosphate (NHoTP) was synthesized
enzymatically from GTP by the method of Yoshioka
et al. (18) using purified GTP cyclohydrolase I from
chicken liver (19). 1'-OXPH, and 2-OXPH, standards
were prepared as described previously (12). Other
chemicals were of analytical grade and obtained from
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Fig. 2. The SPR-unrelated BH, biosynthetic pathway
(salvage pathway II). BH, is synthesized from PPH, by
AKR1C3 and AKR1B1.

commercial sources. PPH; synthase was purified from
chicken liver by the method of Takikawa et al. (20).

Human Tissues and Animals—Human tissues were
obtained in compliance with the Ethical Committee of
Wakayama Medical University and Osaka City
University Medical School’'s Ethics Committee. Three
human brains were obtained following autopsies: Patient
01 (P01) (female) was 68 years old with Alzheimer’s
disease; Patient 02 (P02) (female) was 78 years old with
oophoroma; and Patient 03 (P03) (female) was 48 years
old with bacterial meningitis. One human liver was
obtained following an autopsy: Patient 04 (P04) (male)
was 1 year old with galactosialidosis. Another was
obtained as a result of a biopsy: Patient 05 (P05) (male)
was ‘5 years old with amylopectinosis. The autopsy
samples from brain and liver were obtained between
5 and 7h post mortem. The autopsy samples and biopsy
liver sample were stored at —70°C until use. Male mice of
BALB/c (3 weeks old), an example of wild-type mouse,
were obtained from a breeder.

Production of an Anti-AKRIB1 and an Anti-AKRIC3
Antibody—Rabbit polyclonal antibodies against the
purified recombinant human AKR1B1 and AKRI1C3
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Fig. 3. Specificity of anti-AKRI1IB1 and anti-AKR1C3
antibodies. Lanes 1 and 3 show the SDS/PAGE analysis of
the protein from the E. coli lysate, which expressed human
AKRI1B1 and AKRI1C3, respectively. The gel was stained with
Coomassie Brilliant Blue R-250. Lanes 2 and 4 are immunoblot
analyses using the anti-AKR1B1 antibody and the anti-AKR1C3
antibody, respectively. Immunoblot analysis shows that both
antibodies can only react with one species of ~36kDa. Ten
micrograms of crude E. coli lysate was used.

proteins (21, 22) were raised. For immunization, a
solution containing the purified proteins (1 mg/ml) was
emulsified with Freund’s complete adjuvant having twice
the volume of the antigen solution. Rabbits received
a dose of 0.5mg of the proteins (AKR1B1, AKR1C3)
intradermally at multiple sites on their backs. Doses of
0.5mg of the proteins in Freund’s incomplete adjuvant
were then given as booster injections at 2 weeks
intervals by subcutaneous injections. More than six
booster injections were necessary to obtain a satisfactory
antibody titer.

Western Blot Analysis—Western blot analyses of mouse
liver, brain, kidney, heart and lung lysates and of human



