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Abstract

Background: Bisalbuminemia is a hereditary and/or acquired abnormality characterized by a
double albumin (ALB) band on serum protein electrophoresis. However, there have been no
epidemiological investigations of ALB variants in Chinese populations.

Methods: This retrospective study examined 71,963 unrelated subjects from five provinces in
southern China. ALB variants were screened by cellulose acetate electrophoresis at pH 8.6 and
ALB mutations were confirmed by polymerase chain reaction-DNA sequencing.

Results: The average incidence of inherited bisalbuminemia in the southern Chinese population
was 0.0264% (19/71,963). Thirteen cases showed slow and six showed fast genetic variants on
cellulose acetate electrophoresis. Four kinds of ALB variants were identified: proalbumin Lille
(p.Arg23His), ALB Castel di Sangro (p.Lys560Glu), ALB Fukuoka-1 (p.Asp587Asn), and a novel
ALB Wuxi (p.Lys562Glu). The gene frequency of ALB variants in the Wuxi region (0.126%,
13/10,297) was significantly higher than in other regions in southern China, and 90.9% (10/11)
of cases of proalbumin Lille were also found in the Wuxi region.
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Conclusions: This study provides the first report of the detailed prevalence and molecular
characterization of ALB variants in southern China. Compared with other areas of China,
Wauxi had a different pattern of ALB variants and a high prevalence of proalbumin Lille.
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Introduction

Bisalbuminemia or alloalbuminemia is an
inherited or acquired serum protein abnor-
mality characterized by a double band of
albumin (ALB) on serum protein electro-
phoresis.' ALB variants are encountered
in some rare clinical conditions. For exam-
ple, a variant in familial hyperthyroxinemia
dysalbuminemia can modify the affinity of
ALB for thyroxine (T4), inducing assay
artifacts (falsely elevated T4L), which can
lead to misdiagnosis and possibly to
overtreatment.>® Conjugation of growth
hormone with this ALB variant was associ-
ated with improved pharmacokinetics of
growth hormone therapy.* A better under-
standing of ALB variants may thus lead to
the development of potentially new thera-
peutic approaches.

Bisalbuminemia is generally detected
during routine clinical electrophoresis or
electrophoretic screening for population
genetic studies. Interest in inherited bisalbu-
minemia has centered mainly on human
genetics and anthropology studies.” Many
ALB variants have been studied structural-
ly as markers of neutral molecular evolu-
tion because of interests in their
frequency, population distribution, and
ligand-binding properties.

Bisalbuminemia can also occur during
prolonged and high-dose antibiotic

treatment, and the discovery of bisalbumi-
nemia in a patient affected by pancreatitis
was suspicious of the presence of an ascitic
or pleural effusion and of a pancreatic
pseudo-cyst with a fistula in the effusion.®”

The ALB gene (ALB; MIM# 103600;
GenBank genomic reference sequence
NC_000004.10) is at position 4q11-13 near
the centromere of chromosome 4, and spans
16,961 nucleotides from the putative ‘Cap’
site to the first poly(A) addition site. There
are about 4000 possible effective point
mutations in the ALB gene, of which
about 800 would affect its electrophoretic
mobility.'® ALB variants exist in a propor-
tion of 1:1 with normal ALB, and show
either increased (fast-type variants) or
decreased electrophoretic mobility (slow-
type variants). Since 1971, the Italian
Committee  for  Standardization  of
Electrophoretic Laboratory Methods has
carried out an extensive survey of ALB var-
iants with the aid of clinical laboratories
throughout Italy, and about 70 discrete
polymorphisms have been described world-
wide (http: //www.albumin.org), generally
named for the geographical region of
origin.*'" The genetic frequency of ALB
variants appears to be low, but differs
among population groups and geographic
locations, with frequencies ranging from
1/3000 to 1/10,000 in most populations,
including  White and  Japanese.'> '
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Although several ALB variants, such as
ALB B (p.Glu594Lys), have been found in
different populations, many variants appear
to be unique to a particular ethnic group."
Some of these variants are extremely
rare, whereas others, such as ALB
Naskapi (p.Lys396Glu) and Ortonovo (p.
Glu529Lys), revealed an allele frequency
>1% in certain Amerindian tribes and in
a small village in Italy, respectively.*!!
The first case of bisalbuminemia in a
Chinese individual was reported over three
decades ago,'” but only 33 Chinese geneal-
ogies of ALB variants have been described

(Table 1)'>*°. Most of these were primarily
analyzed by cellulose acetate electrophoresis
at pH 8.6, and only two cases of proalbumin
Lille (p.Arg23His), in Henan and Taiwan,
were identified by high-performance liquid
chromatography and/or polymerase chain
reaction (PCR) DNA sequencing.>* To
date, there has been no systematic epidemi-
ological investigation of inherited bisalbumi-
nemia in China. Here, we conducted a
large-scale epidemiological study of ALB var-
iants in seven different populations in southern
China, and reviewed the literature for existing
information on ALB variants in China.

Table I. Reports of bisalbuminemia in Chinese individuals from 1976 to 2008.

No. Native location n Mutation M RM at pH 8.6 Time Ref.
| Tianjin | / S 0.89 2008 16
2 Shandong | / S 0.80-0.84 2006 17
3 Beijing | / S 0.77-0.80 2002 18
4 Zhejiang* 4 / S 0.84-0.87 2000-2004 19
5 Zhejiang* | / S 0.84 1995 20
6 Tianjin | / S 0.77-0.81 1992-1995 21
7 Guangdong | / S 0.86 1994 22
8 Henan | Lille S / 1993 23
9 Mongolia | / S / 1990 24
10 Taiwan | Lille S / 1987 25
I Yunnan | / S 0.64 1987 26
12 Liaoning | / S 0.86 1987 27
13 Jiangxi | / S 0.72-0.84 1987 28
14 Guangdong | / S / 1985 29
15 Hainan | / S 0.86-0.88 1984 30
16 Hebei | / F 1.15 1984 31
17 Hebei | / F 1.15 1984 32
18 Zhejiang* | / S / 1982 33
19 Sichuan | / S / 1981 34
20 Shanxi 2 / S / 1980 35
21 Liaoning | / S / 1980 36
22 Liaoning | / S / 1980 37
23 Hubei | / S / 1980 38
24 Shanghai* | / S / 1979 39
25 Jiangsu*® 4 / S 0.85-0.87 1977-1980 40
26 Sichuan | / S 0.87-0.89 1976 I5
Total / 33 / / / / /

M, mobility; S, slow-type; F, fast-type; RM, estimation of relative mobilities of albumin variants*®; Ref, reference; *located in
Wau region; /, no data available; Wu refers to a region in the Jiangnan area (south of the Yangtze River), covering the

present Jiangsu Province, Shanghai, and Zhejiang Province.
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Materials and methods

Population samples

This was a retrospective study of unrelated
subjects from seven regions of southern
China who underwent electrophoretic screen-
ing for ALB and hemoglobin variants (hemo-
globin  screening data  have  been
partially published) from March 2009 to
June 2012.4"* All subjects received routine
health check-ups and screening for the pres-
ence of ALB variants in local hospitals. The

seven regions included Wuxi area of
Jiangsu  Province, Meizhou area of
Guangdong Province, Chaozhou area

of Guangdong Province, Shaoguan area of
Guangdong Province, Ganzhou area of
Jiangxi Province, Baise area of Guangxi
Province, and Kunming area of Yunan
Province.

All studies were approved by the Ethics
Committees of Meixian People’s Hospital
(Meizhou, Guangdong Province),
Chaozhou Central Hospital Affiliated to
Southern Medical University, Wuxi No. 2
People’s Hospital, Hospital Affiliated to
Youjiang Medical University for
Nationalities,  Affiliated  Hospital of
Gannan Medical College, Yuebei People’s
Hospital, and the First People’s Hospital of
Yunan Province. Information sheets with
nationality, sex, age, dialect, native or not,
and written consent forms were available in
Chinese to ensure that participants had a
comprehensive understanding of the study
objectives, and informed consent was
signed or thumb-printed by the participants.
The study was reported in accordance with
the relevant STROBE guidelines.** All sub-
jects were de-identified so that the identity of
any individual could not be ascertained.

Electrophoretic screening

Simultaneous screening of ALB and hemo-
globin variants was carried out by cellulose

acetate electrophoresis of whole blood sam-
ples at pH 8.6. Two milliliters of EDTA-K,
blood was drawn from each subject for rou-
tine blood tests and the discarded blood
was then immediately stored at 4°C for fur-
ther analysis. Forty microliters of whole
blood was mixed with 20 L 1% saponin
for 30 minutes, the hemolysate was ana-
lyzed by cellulose acetate electrophoresis
at pH 8.6, and the cellulose membranes
were stained by Ponceau S (Qiyun
Biotechnology, Guangzhou, China).

Blood serum was isolated from the sub-
jects with ALB variants and the variants
were further analyzed by semi-automated
agar gel electrophoresis (pH 8.6) using
SPIFE 3000 (Helena Laboratories Corp.,
Beaumont, TX, USA). The electrophoretic
variants were classified as fast or slow.'"'*

Clinical biochemistry analysis

Lipid parameters were analyzed using a

7180  clinical chemistry autoanalyzer
(Hitachi, Japan). The measured parameters
included total cholesterol, triglyceride,

high-density cholesterol, low-density cho-
lesterol, ALB, glucose, urea, creatine, apo-
lipoprotein A, and apolipoprotein B. All
reagents were obtained from Hitachi.
Serum ALB levels were measured using
the same machine by the bromocresol
green method, according to the manufac-
turer’s instructions.

DNA analysis

Genomic DNA was extracted from periph-
eral blood leukocytes of samples with ALB
variants using a genomic DNA mini-
preparation kit (Qiagen China Shanghai
Co., Ltd., Shanghai, China), according to
the manufacturer’s instructions. Fourteen
pairs of primers,*> encompassing the 14
coding exons and the intron—exon junctions
of the human ALB gene (MIM# 103600;
GenBank genomic reference sequence
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NC_000004.10), were used to amplify these
regions of the 4L B gene using an MJ Mini
Personal Thermal Cycler (Bio-Rad,
Hercules, CA, USA).** The PCR reaction
was carried out in 50 uL containing 100 ng
genomic DNA, 25 pmol of forward and
reverse primers, 200 pM each dNTP, 5uL
of 10x buffer, and 2.5 U Taq polymerase
(TaKaRa, Dalian, China). The reaction
was carried out with an initial denaturation
step of 95°C for 3 minutes followed by
35 cycles of 95°C for 1 minute, 55°C for
30 s, and 72°C for 1 minute, with a final
extension at 72°C for 10 minutes. DNA
sequencing was performed using an
ABI 3700 automated sequencer (Applied
Biosystems, Carlsbad, CA, USA) with the
same primers.

Statistical analysis

Statistical analysis was conducted using
SPSS for Windows, Version 16.0 (SPSS
Inc., Chicago, IL, USA). The prevalence
of ALB variant alleles was calculated from
the standard Hardy—Weinberg formula.
Data from different regions were compared
by Pearson’s y° test. P<0.05 was consid-
ered statistically different.

Results

This retrospective study included 71,963
unrelated subjects from seven regions in
southern China. The locations of the
regions and ethnic populations are shown
in Figure 1. There were 10,297 subjects
from Wuxi (6231 men and 4066 women),

Heilongjiang

Figure |. Geographic locations of seven regions in China. (a) Wuxi area of Jiangsu Province (10,297
subjects). (b) Meizhou area of Guangdong Province (15,299 subjects). (c) Chaozhou area of Guangdong
Province (11,450 subjects). (d) Shaoguan area of Guangdong Province (9731 subjects). (e) Ganzhou area of
Jiangxi Province (15,701 subjects). (f) Baise area of Guangxi Province (6218 subjects). (g) Kunming area of

Yunan Province (2357 subjects).
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15,299 from Meizhou (7632 men and 7667
women), 11,450 from Chaozhou (5125 men
and 6325 women), 9731 from Shaoguan
(5100 men and 4631 women), 15,701 from
Ganzhou (8421 men and 7280 women),
6218 from Baise (3232 men and 2986
women), and 2357 from Kunming (1352
men and 1005 women).

Nineteen cases of bisalbuminemia and
two types of electrophoretic behavior
(slow and fast) were observed among the
71,963 unrelated subjects. The average inci-
dence of inherited bisalbuminemia in the
southern Chinese population was 0.0264%
(19/71,963). A schematic diagram of the
electrophoretogram is shown in Figure 2a
and the electrophoretic results of ALB var-
iants are shown in Figure 2b. A total of
73.68% (14/19) ALB variants were slow-
type and the others were classified as fast-
type (26.32%, 5/19) (Figure 2). The routine
laboratory results and past medical history
parameters are summarized in Table 2. All
subjects with bisalbuminemia had normal
serum ALB levels. All the variants were
silent and did not affect the function or
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stability of the protein, resulting in no clin-
ical effects. The gene frequencies of ALB
variants were 0.126% (13/10,297), 0.042%
(1/2357), 0.016% (1/6218), 0.013% (2/
15,701), 0.009% (1/11,450), and 0.007%
(1/15,229) in the Wuxi, Kunming, Baise,
Ganzhou, Chaozhou, and Meizhou areas,
respectively. No ALB variants were found
in the Shaoguan region of Guangdong
Province. All the alleles were in Hardy—
Weinberg equilibrium. The prevalence of
ALB variants was significantly higher in
the Wuxi region compared with the other
regions (P < 0.05).

Four types of ALB variants were identi-
fied by PCR-DNA sequencing (Figure 3)
and the mutations of these variants are
summarized in Table 3. Eighteen of the
identified mutations were located in exon
1 (E-1) or exon 13 (E-13). We did not
obtain an adequate DNA sample for molec-
ular analysis for one case from Chaozhou.
We also detected a novel ALB variant
resulting from a mutation (c.1684A>G) in
the ALB gene. This variant was first identi-
fied in a 27-year-old local woman in the
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Figure 2. Schematic diagram and results of cellulose acetate electrophoresis (pH 8.5) of albumin (ALB)
variants. (a) Schematic diagram of electrophoretogram. (b) Electrophoretic results of electrophoresis of ALB

variants.

ALB", normal ALB; ALB®, slow-type ALB variant; ALBf, fast-type ALB variant; CA: carbonic anhydrase

(matrix protein).
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Table 2. Routine laboratory findings in 19 cases with albumin variants.

Age Past medical
Region (years) Sex Mutation history Glu Urea Cr Chol TG HDL LDL-C Albumin Proteinuria
Wuxi 50 M Lille / 428 58 103 587 095 1.62 392 440 negative
Wuxi 34 F  Lile / 448 40 51 460 043 .60 290 * negative
Wuxi 43 M Lille / 496 43 63 629 1.16 1.94 425 469 negative
Wuxi 50 M Lille / 502 53 85 483 077 244 231 458 negative
Wuxi 47 M Lille / 546 37 87 574 125 124 419 486 negative
Wuxi 34 M Lille / 489 4.1 74 346 095 LIl 199 * negative
Wuxi 47 M Lille / 6.00 35 82 453 172 139 260 513 negative
Wauxi 54 M Lille / 548 46 92 56 240 081 374 46.1 negative
Wuxi 33 M Lille / 494 69 97 425 195 1.02 26l 52.0 negative
Wauxi 41 M Lille / 474 50 90 6.16 1.19 149 434 486 negative
Wauxi 78 M Wuxi Hypertension 592 58 94 436 084 18 239 455 negative
Wuxi 27 F Wuxi / 533 3.0 49 465 069 1.74 269 468 negative
Wauxi 26 F  Casteldi / 544 3.6 54 539 1.75 092 38l 45.6 negative
Sangro
Kunming 61 F Wuxi / 467 59 69 368 1.60 128 199 511 negative
Baise 57 F Wuxi Hypertension 433 36 71 675 130 [.10 510 47.1 negative
Ganzhou 43 M Lille Hyperlipidemia 570 40 91 7.74 1.19 156 592 489 negative
Ganzhou 36 F Wuxi / 518 53 68 487 048 204 57l 47.2 negative
Chaozhou 44 M * DM2 9.66 33 81 575 273 105 390 503 negative
Meizhou 35 M Fukuoka-1 / 459 41 76 499 08l 166 323 534 negative

*No data available; /, no specific medical history; M, male; F, female; Glu, glucose (reference range 3.90—6.10 mmol/L); Urea
(reference range 3.1-8.8 mmol/L); Cr, creatinine (reference range 41-81 pmol/L); Chol, cholesterol (reference range

3.11-5.18 mmol/L); TG, triglyceride (reference range 0.35-1.70 mmol/L); HDL, high-density lipoprotein (reference range
1.16—1.42 mmol/L); LDL-C, low-density lipoprotein C (reference range 2.70-3.10 mmol/L); ALB, albumin (reference range

40.0-55.0g/L); DM2, diabetes mellitus type 2.

Wuxi region of Jiangsu Province, and was
subsequently detected in most screening
regions, including Wuxi, Kunming, Baise,
and Ganzhou. This novel ALB variant
was designated ALB Wuxi (p.Lys562Glu),
according to the nomenclature of ALB var-
iants. There was no significant difference in
the incidence of the ALB Wuxi variant
among the seven screening regions, suggest-
ing that ALB Wuxi (p.Lys562Glu) was
well-distributed among southern Chinese
Han and Zhuang ethnic groups.

Notably, we detected 10 cases of proal-
bumin Lille/Wu Yang (p.Arg23His) in the
Wuxi region.”® Consistent with previous
studies, this variant had a slower mobility
than normal ALB on electrophoresis at pH
8.6.2% Although proalbumin Lille has
been reported in many previous studies,
the relatively high incidence (around 1%)

in the Wuxi region was unusual. Only one
case of ALB Fukuoka-1(p.Asp587Asn) and
one case of ALB Castel di Sangro (p.
Lys560Glu) were detected in the current
screening study.

Discussion

Some clinical cases of ALB variants have
been reported in China (Table 1); however,
the current study reports the first large-
scale screening for ALB variants in south-
ern China, included individuals from the
two most populous ethnic groups in
China, Han and Zhuang. The results indi-
cated a very low prevalence of inherited
bisalbuminemia in southern Chinese, with
an average gene frequency of ALB variants
of 0.0264% (19/71,963). This was similar to
the 0.015% (3/20,000) reported in a
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Figure 3. DNA sequences of four albumin variants. (a) Proalbumin Lille (c.68G > A). (b) Wuxi
(c.1684A > G). (c) Fukuoka-I (c.1759G > A). (d) Castel di Sangro (c.1678A > G).

Table 3. Epidemiological information and molecular findings in 19 cases with albumin variants.

Region Population Mutation names n M Exon Protein change Base change Incidence Ethnic group
Wauxi 10,297 Lille 10 S E-I p-Arg23His c.68G > A 0.097% Southern Han
Waxi 2 F EI13 plys562Glu c.1684A>G 0.019%
Castel di Sangro | F  E-13  p.Lys560Glu c.1678A>G 0.009%
Kunming 2357 Wauxi I F E-13 p.lys562Glu c.|1684A>G 0.042% Southern Han
Baise 6218 Wuxi I F E-13 plys562Glu c.1684A>G 0.016% Zhuang
Ganzhou 15,701 Lille IS E-I p-Arg23His c.68G > A 0.013% Southern Han
Wuxi I F E-13 plys562Glu c.1684A>G 0.009%
Chaozhou* 11,450 / | S / / / 0.009% Southern Han
Meizhou 15,229 Fukuoka- | IS E-13 p.Asp587Asn c.1759G >A 0.007% Southern Han
Shaoguan 9731 / /A / / 0.000% Southern Han
Total 71,963 / 19 / / / 0.0264% /

*Inadequate DNA sample for molecular analysis; /, no data available; M, mobility; S, slow-type; F, fast-type.

Japanese blood-donor group and 0.022%
(11/50,000) in American groups, but lower
than the cumulative frequency (0.29%, 45/
15,581) in the Radiation Effects Research
Foundation Biochemical Genetics Study at
Hiroshima and Nagasaki.'"'*?* Consistent
with the data for all previous cases of alloal-
buminemia in China (Table 1), in which the
slow-type accounted for 93.75% of all cases
(30/32), most variants in the current study
were also slow-type (73.68%, 14/19).

Four kinds of ALB variants, including
proalbumin Lille (p.Arg23His), ALB
Fukuoka-1 (p.Asp587Asn), ALB Castel di
Sangro (p.Lys560Glu), and ALB Wuxi
(p.Lys562Glu), were identified in the pre-
sent study. PCR sequencing revealed that
exons 13 and 1 of the ALB gene were muta-
tion hot spots in Chinese subjects. Most
cases of proalbumin Lille (p.Arg23His),
the main slow-type variant, were found in
the Wuxi region of Jiangsu Province, with
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a gene frequency of 1%. Proalbumin Lille
has been identified in Chinese individuals in
Wuyang County, Henan Province, and
Taipei, Taiwan.”>** Previous reports of
bisalbuminemia in Chinese from 1976 to
2008 (Table 1) found that 30% (11/33) of
cases of slow-type ALB variants were locat-
ed in the Wu region (Table 1). Wu is a
region in the Jiangnan area (south of the
Yangtze River), covering Suzhou
(Soochow) in Jiangsu Province, Shanghai,
and Zhejiang Province of China. The two
largest cities in the Wu region are Shanghai
and Hangzhou. Most natives of these
regions speak Wu dialects. Combined with
our epidemiological results, we concluded
that proalbumin Lille probably originated
from the Wu region and then spread
throughout other regions and other cthnic
populations in China. However, proalbu-
min Lille (p.Arg23His) has now been iden-
tified in White and Japanese people, as well
as Chinese individuals (proalbumin Taipei),
suggesting that it might be an independent
mutation or a mark of the migration of
people in the Wu region of China.

The prevalence of ALB Wuxi
(p-Lys562Glu) was generally low (0.007%,
5/71,963) in our study, but had the widest
geographical distribution and was found in
Han and Zhuang ethnic groups. Fast-type
ALB variants were rarely found based on a
clinical diagnosis, and we considered that
this might be due to the sensitivities of dif-
ferent detection methods.® We detected
ALB variants by cellulose acetate electro-
phoresis in this study, which has a lower
sensitivity for detecting bisalbuminemia
than capillary electrophoresis, which might
therefore detect more interfering molecules
in the ALB-migration zone.® Both ALB
Fukuoka-1 (p.Asp587Asn) and ALB
Castel di Sangro (p.Lys560Glu) were
shown to be rare in southern Chinese
populations.

This study had some limitations. There
are 56 ethnic groups in China, each with

specific characteristics, but the current
study only included individuals from the
Zhuang and Han ethnic groups. In addi-
tion, China includes 34 provinces, autono-
mous regions, municipalities, and special
administrative regions, but our albumin
screening only covered seven areas of four
provinces. Further studies are therefore
needed to extend the current findings to
other ethnic groups and regions.

In conclusion, this study detected the
detailed prevalence and molecular charac-
terization of ALB variants in southern
China. Compared with other areas of
China, Wuxi had a different pattern
of ALB variants with a high prevalence of
proalbumin Lille.

Declaration of conflicting interest

The authors declare that there is no conflict of
interest.

Funding

The authors disclosed receipt of the following
financial support for the research, authorship,
and publication of this article: This study was
partially supported by key scientific research
projects of Guangdong Provincial Department
of Education [grant number 2018A030307074];
Natural Science Foundation of Guangdong
Province [grant number 2018A030307074]; Key
Clinical Department Project of Guangdong
Province (Laboratory Medicine); and the
Natural Science Foundation of Guangdong
Province [contract/grant number
2016A030307035]. The funders had no role in
the study design and data analysis, decision to
publish, or submission of the manuscript.

ORCID iD

Li-ye Yang (® https://orcid.org/0000-0003-1581-
9089

References

1. Angouridaki C, Papageorgiou v,
Tsavdaridou V, et al. Detection of heredi-
tary bisalbuminemia in a Greek family by


https://orcid.org/0000-0003-1581-9089
https://orcid.org/0000-0003-1581-9089
https://orcid.org/0000-0003-1581-9089

Journal of International Medical Research

10.

11.

12.

. Dabboubi

capillary zone electrophoresis. Hippokratia
2008; 12: 119-121.

. Fukaishi T, Sekiguchi Y and Hara Y.

Familial dysalbuminemic hyperthyroxine-
mia that was inappropriately treated with
thiamazole due to pseudo-thyrotoxic symp-
toms. Intern Med 2017; 56: 2175-2180.

. Hoshikawa S, Mori K, Kaise N, et al.

Artifactually elevated serum-free thyroxine
levels measured by equilibrium dialysis in a
pregnant woman with familial dysalbumine-
mic hyperthyroxinemia. Thyroid 2004; 14:
155-160.

R, Amri Y, Sahli C, et al
Inherited bisalbuminemia with growth hor-
mone deficiency. Clin Chem Lab Med 2019;
57: e226-e229.

. Smith DG, Lorenz J, Rolfs BK, et al.

Implications of the distribution of Albumin
Naskapi and Albumin Mexico for new
world prehistory. Am J Phys Anthropol
2000; 111: 557-572.

. Rousseaux J, Debeaumont D, Scharfman A,

et al. Bisalbuminaemia in pancreatitis: struc-
tural modifications of human serum albu-
min by proteolytic enzymes of the pancreas
(author’s translation). Clin Chim Acta 1976;
71: 35-46.

. Kobayashi S, Okamura N, Kamoi K, et al.

Bisalbumin (fast, slow type) induced by
human pancreatic juice. Ann Clin Biochem
1995; 32: 63-67.

. Jaeggi-Groisman SE, Byland C and Gerber

H. Improved sensitivity of capillary electro-
phoresis for detection of bisalbuminemia.
Clin Chem 2000; 46: 882-883.

. Shah PB, Cagampan E and lJialal I

A Patient with genetic bisalbuminemia.
Am J Med Sci 2021: S0002-9629(21)00174-9.
Madison J, Arai K, Sakamoto Y, Feld RD,
et al. Genetic variants of serum albumin in
Americans and Japanese. Proc Natl Acad Sci
USA 1991; 88: 9853-9857.

Madison J, Galliano M, Watkins S, et al.
Genetic variants of human serum albumin
in Italy: point mutants and a carboxyl-
terminal variant. Proc Natl Acad Sci USA
1994; 91: 6476-6480.

Huss K, Putnam FW, Takahashi N, et al.
Albumin Cooperstown: a serum albumin
variant with the same (313 Lys—Asn)

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

mutation found in albumins in Italy and
New Zealand. Clin Chem 1988; 34: 183-187.
Carlson J, Sakamoto Y, Laurell CB, et al.
Alloalbuminemia in Sweden: structural
study and phenotypic distribution of nine
albumin variants. Proc Natl Acad Sci USA
1992; 89: 8225-8229.

Arai K, Madison J, Huss K, et al. Point sub-
stitutions in Japanese alloalbumins. Proc Natl
Acad Sci USA 1989; 86: 6092-6096.

. Ying Q. Preliminary investigation of an

abnormal albumin family. Chin Med J
1980; 3: 57.

QiJ, Wang ZY, Shen YM, et al. First report
of bisalbuminemia in Tianjing. Tianjin Med
J 2010; 38: 542-543.

Yu XW, Wu JL, Li GW, et al. Hereditary
bisalbuminemia pedigree preliminary exam-
ination analysis. Chin J Clin Lab Sci 2007;
30: 562-564.

Li J, Chen L, Chen X, et al. A report of a
case of rare bisalbuminemia in Beijing. Med
Lab Sci Clin 2012; 30: 480.

Wang XQ, Xu K, Chen J, et al. Analysis of
four cases of hereditable bisaalbuminemia.
Chin J Clin Lab Sci 2005; 28: 831-833.
Mou JS and Zhang ZJ. A report of a bisal-
buminemia family. Shanxi Med Lab Sci
1995; 10: 41.

Han YL, Gao AH, Guo J, et al. A report of
two bisalbuminemia cases and type determi-
nation. Clin Focus 1995; 10: 589-591.

Zeng SM. A first case of bisalbuminemia in
Guangdong. Jiangxi Med Lab Sci 2003; 1: 18.
Zan WC, Xu WF and Chi CW. Protein and
gene structure analysis of an albumin genetic
variant: proalbumin Wu Yang (-2 Arg-
>His). Int J Pept Protein Res 1993; 41:
441-446.

Qin WB, Wei TL, Yue XL, et al. A Report
of a case of inherited bisalbuminemia. Chin
Med Genet 1992; 2: 93.

Takahashi N, Takahashi Y and Putnam
FW. Structural changes and metal binding
by proalbumins and other amino-terminal
genetic variants of human serum albumin.
Proc Natl Acad Sci USA 1987; 84:
7403-7407.

Kong FL. A Report of a case of bisalbumi-
nemia. Med Pharmacy Yunnan 1988; 3: 166.



Wu et al.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Lan JM, Zhao SR, Shao ZJ, et al. Clinical
and genetic investigation of bisalbuminemia.
Jilin Univ (Med Edition) 1989; 1: 66.

Wu SG, Tu SJ and Zou XS. Investigation of
a family with bisalbuminemia in 10 years.
Jiangxi Med Lab Sci 1998; 16: 12-16.

Yang ZY. A preliminary investigation of a
bisalbuminemia family in Shantou. Med Lab
Sci Clin 1985; 4: 216.

He P, Cheng YJ, Wen C, et al. Family survey
of the first abnormal album family in Hainan
Island. Guangdong Med 1984; 5: 16-18.
Chen JM, Lu YQ, Zhu LX, et al. A report of
a family with three cases of bisalbuminemia.
Acad Sec Mil Med Univ 1984: 3: 299.

Yang YM, Chen X, Cai JX, et al. Fast type
albumin variant with Behcet syndrome: a
case report and family report. Med Lab Sci
Clin 1984; 5: 332-333.

Lu BT. Analysis of a bisalbuminemia family.
Zhejiang Med 1982; 1: 34.

Zhang NF and Li LZ. The investigation of a
bisalbuminemia family. Prac Clin Med 1982;
2: 35-37.

Tian YL, Wang XX and Zhu YM. Familial
double albuminemia phenomenon a report
of two cases. Beijing Med 1980; 1: 15.
Zhao CJ. A report of a bisalbuminemia
family. Tianjin Med 1982; 1: 41.

Mu FT. A report of a case of bisalbumine-
mia in Liaoning-Daliang region. Hereditas
1980; 2: 11-12.

Yan B. A report of five cases of bisalbumi-
nemia. New Chin Med 1984; 15: 106.

39.

40.

41.

42.

43.

44.

45.

46.

Zeng ZR and Ye MZ. Investigation of an
inherited bisalbuminemia family. Chin Med
1980; 10: 633.

Xi WH. Bisalbuminemia: a report of four
cases and pedigree investigation. Chin Lab
Med 1980; 2: 57. In Chinese.

Lin M, Wen YF, Wu JR, et al
Hemoglobinopathy: molecular epidemiolog-
ical characteristics and health effects on
hakka people in the Meizhou region, south-
ern China. PLoS One 2013; 8: ¢55024.

Lin M, Wang Q, Zheng L, et al. Prevalence
and molecular characterization of abnormal
hemoglobin in eastern Guangdong of south-
ern China. Clin Genet 2012; 81: 165-171.
Lin M, Han ZJ, Wang Q, et al. Molecular
epidemiological survey of hemoglobinopathies
in the Wuxi region of Jiangsu Province, east-
ern China. Hemoglobin 2013; 37: 454-466.

Von Elm E, Altman DG, Egger M, et al.
The Strengthening the Reporting of
Observational Studies in Epidemiology

(STROBE) statement: guidelines for report-
ing observational studies. Ann Intern Med
2007; 147: 573-577.

Watkins S, Madison J, Galliano M, et al.
A nucleotide insertion and frameshift cause
analbuminemia in an Italian family. Proc
Natl Acad Sci USA 1994; 91: 2275-2279.
Fine JM, Marneux M and Lambin P.
Human albumin variants. Nomenclature of
allotypes observed in Europe and quantita-
tive estimation of their relative mobilities.
Rev Fr Transfus Immunohematol 1982; 25:
149-163.



	table-fn1-03000605211064225
	table-fn2-03000605211064225
	table-fn3-03000605211064225



