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Introduction

Human orosomucoid (ORM) or a;-acid

Orosomucoid Phenotyping with
Monoclonal Antibodies: Polymorphic
Occurrence of ORM1*Q0in Aboriginal
Taiwanese Populations
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Abstract

Three monoclonal antibodies (OR35, OR40 and OR48)
against orosomucoid (ORM) were prepared for the phenotyp-
ing of the human ORM system. The OR35 and OR48 anti-
bodies recognized ORM1 and ORM2 products, réspectively.
OR40 reacted strongly to the products of ORM 1 but poorly to
those of ORM2. With the help of these monoclonal antibodies,
ORM phenotyping was performed on 658 individuals from
nine subpopulations of aboriginal Taiwanese, with close atten-
tion to two individuals with an ORM1 QO homozygous phe-
notype. The ORMI*QO0 allele was found to be at a polymor-
phic frequency in eight of the nine subpopulations.

sevessorvsessance

extensive genetic variation, and about 30 al-
leles have been described at the two loci
ORM! and ORM2 [2]. The ORMI!1 and

glycoprotein is a major acute-phase plasma
protein with a molecular mass of approxi-
mately 49 kD, of which 45% is carbohydrate.
ORM is predominantly produced in the liver
and suppresses blastogenesis of lymphocytes
and neutrophil activation [1]. ORM shows

ORM2 alloproteins are encoded by two close-
ly linked genes on the long arm of chromo-
some 9 [3-5] and are distinguishable from
each other in band intensity [6].

In the course of ORM phenotyping, we
have occasionally encountered some bands

Received:

June 34, 1994
Accepled:
November 3, 1994

Kazuo Umetsu 1995
Department of Forensic Medicine S. Karger AG, Basel
Yamagata University School of Medicine 0001-5652/95/

Yamagata $90-23 (Japan) 0454-01815$8.00/0



— — ”-ORM' P
il se = ORM2 M
A gl '-— ORM1 §

Fig. 1. IEF patterns of ORM1 F1-.S/ORM2 M. Im-
munoprint using polyclonal antibody to ORM (A) and
immunoblot using monoclonal antibodies to ORM (B-
D). OR35S, OR48 and OR40, respectively. The immu-
noblot was performed with monoclonal antibodies as
the first antibodies, and alkaline-phosphate-labelled
goat anti-mouse immunoglobulin as the second anti-
body. The anode is at the top.

for which it was difficult to determine wheth-
er they belonged to the ORMI1 or ORM2
product. To overcome such confusions, we
attempted to prepare locus-specific mono-
clonal antibodies. Using polyclonal and
monoclonal antibodies, we performed ORM
phenotyping on native Taiwanese popula-
tions and carried out ORM1 QO typing.

Materials and Methods

Monoclonal Antibodies

Female BALB/c mice were immunized twice at 2-
week intervals by intraperitoneal injection of purified
desialylated ORM (about 100 ug protein, Cosmo Bio,
Tokyo, Japan) emulsified in 100 pl Hunter's TiterMax
adjuvant (CytRx, Norcross, Ga.,, USA). A booster
injection was given 10 days after the second injection.
The spleen was removed 3 days after the booster injec-
tion and used for hybridization. The spleen cells were
hybridized with P3-X-63-Ag8.653 myecloma cells {7)

according to Oi and Herzenberg {8). Three monoclonal
antibodies, OR35 (IgGl), OR40 (IgM) and OR48
(IgG1) were selected. The supernatants of the ascites
from BALB/c mice injected with the hybridoma cells
were used for immunological detection of ORM bands
without further purification.

Subjects

Plasma samples from 658 aboriginal Taiwanese
were collected from the following subpopulations: 100
Atayal, 64 Saisiat, 87 Bunun, 80 Tsou, 72 Ami, 63 Puy-
ma, 54 Rukai, 60 Paiwan and 78 Yami. Preliminary
genetic studies in these groups have been reported by
Umetsu et al. {9]). The samples were treated overnight
with a fourfold volume of sialidase (0.5 U/mi, 50 mM
sodium acetate buffer, pH 5.0, Type V, Sigma, St.
Louis, Mo., USA) at room temperature,

ORM Phenotyping

Polyacrylamide gel isoelectric focusing (IEF) was
carried out as described elsewbere [10], except that the
concentration of Triton X-100 was decreased from 0.2
to 0.05%. The ORM patterns were developed by im-
munoprinting with polyclonal antibody (anti-ORM
antiserum from rabbit, Dako, Glostrup, Denmark) and
by immunoblotting with monoclonal antibodies. The
immunoblotting was performed using alkaline-phos-
phate-labelled goat anti-mouse immunoglobulin
{Dako). The band patterns were visualized by a BCIP/
NBT reaction. The symbols of these alleles were based
on the nomenclature proposed by Yuasa et al. [2].

Results and Discussion

Figure 1 shows the band patterns of an
ORM1 F1-S/ORM2 M type analyzed by IEF
with the pH gradient 4.5-5.4, using polyclonal
and monoclonal antibodies. All three mono-
clonal antibodies, OR35, OR40 and ORA4S,
were found to be specific to ORM products.
The OR35 and the OR48 antibodies recog-
nized ORM1 and ORM2 bands, respectively.
The OR40 antibody reacted strongly to the
products of ORM1 but poorly to those of
ORM2. The results of further experiments
concerning the reaction profiles of some ORM
phenotypes indicated that OR35 recognized
the common ORM 1 types, while OR40 recog-
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nized the common ORM1 types but reacted
poorly with the ORM2 types including ORM2
M and ORM2 H19 bands. OR48 did not rec-
ognize ORM2 H19 but did label ORM2 M.
The three monoclonal antibodies reacted to
both native and desialylated forms of ORM
(data not shown), although Fraeyman et al.
[11] have shown that some of the monoclonal
antibodies react to both the native and the
desialylated ORM, whereas others react only
to the desialylated form of ORM.

ORM phenotyping was performed on 658
individuals from nine subpopulations of abo-
riginal Taiwanese by IEF and immunoprint-
ing using the polyclonal anti-ORM antiserum
from Dako. Because some samples were diffi-
cult to analyze due to unusual patterns, as
shown in lanes 2-4 of figure 2A, we thought
that these samples might represent a new
ORM 1 variant with the same mobility as the
ORM2 M band. If this is the case, such a vari-
ant band should be more intense than ORM 1
F1 and ORM!1 § bands because of their over-
lapping with the ORM2 M band. To clarify
this point, we employed the monoclonal anti-
bodies for further ORM phenotyping. Fig-
ure 2 B~D show immunoblotted patterns af-
ter IEF of desialylated samples using mono-
clonal antibodies. Judging from the reactivity
of each monoclonal antibody, the band corre-
sponding to the ORM2 region must be the
ORM2 M origin. Since there is considerable
variation in the ORM concentrations in the
sera, a reduced level in comparison with con-
trols does not necessarily indicate the pres-
ence of an inheritable silent allele. Because the
relative concentrations of the ORMI1 and
ORM?2 products in a sample could be esti-
mated by comparing the intensities of the two
bands, ORMI*Q0 carriers were distinguish-
able from the common ORMI1 types. Thus,
the samples in lanes 2-4 of figure 2 were iden-
tified as ORM1 F1-Q0/ORM2 M, QO/M, and
S-Q0/M phenotypes, respectively.

Fig. 2. Immunoprint using polyclonal antibody to
ORM (A) and immunoblots using monoclonal anti-
bodies to ORM (B-D): OR35, OR48 and ORJ40, re-
spectively, Lane 1 = ORMI FI/ORM2 M; 2 = F1-Q0/
M; 3 = QO/M; 4 = S-QO/M; 5 = FI-S/M. Filled and
open triangles indicate ORM! and ORM?2 bands,
respectively. The anode is at the top.
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Table 1. Distribution of ORM phenotypes and allele frequencies in nine subpopulations of aboriginal

Taiwanese
#is-. Atayal. :Saisiat--Bunun Tsou “Ami’ . Puyuma R‘ukm ‘! Paiwan Yami
ORMI F1 49 49 37 56 48 38 47 42 75
F1-S 23 11 34 19 13 18 4 14 3
S 0 0 6 3 0 1 0 1 0
F1-dF1$ 0 2 4 0 0 2 0 1 0
F1-B9 0 0 0 0 3 0 0 0 0
S-B9 0 0 0 0 0 1 0 0 0
F1-Q0 25 1 4 2 8 3 3 2 0
S-Q0 2 1 1 0 0 0 0 0 0
Qo 1 0 1 0 0 0 0 0 0
Total 100 64 87 80 72 63 54 60 78
Allele frequencics
ORMI*F1 0.730 0.875 0.667 0.831 0.833 0.786 0.935 0.842 0.981
ORMI*S 0.125 0.094 0.270 0.156 0.090 0.167 0.037 0.133 0.019
ORMI1*dF1S - 0.016 0.023 - - 0.016 - 0.008 -
ORM1*B9 - - - - 0.021 0.008 - - -
ORMI*Q0 0.145 0.016 0.040 0.013 0.056 0.024 0.028 0.017 -
ORM2 M 99 64 84 79 62 56 53 54 78
M-HI19 1 0 2 l 10 7 1 6 0
M-H2 0 0 l 0 0 0 0 0 0
Total 100 64 87 80 72 63 54 60 78
Allele frequencies
ORM2*M 0.995 1.000 0.983 0.994 0.931 0.944 0.991 0.950 1.000
ORM2*H19 0.005 - 0.012 0.006 0.069 0.056 0.009 0.050 -
ORM2*H2 - - 0.006 - - - - - -

The distributions of the ORM phenotypes
and allele frequencies are given in table 1.
In the present study, five ORMI al-
leles (ORMI*F1, ORMI*S, ORMI*dFIS,
ORMI*B9 and ORMI*Q0) and three
ORM?2 alleles (ORM2*M, ORM2*H2 and
ORM2*H 19) were identified by IEF in com-
bination with immunodetection using poly-
clonal'and monoclonal antibodies. All of these
alleles have been reported in Asians and
American Indians [10, 12, 13]. At the ORMI1
locus, ORMI*F1 was the most common allele
in all nine aboriginal Taiwanese populations,
with its frequency ranging from 0.667 to
0.981. At the ORM2 locus, ORM2*M is high-

ly prevalent with a frequency between 0.931
and 1.0. Although ORMI*Q0 has been re-
ported to be very rare worldwide [14, 15}, it is
distributed throughout the aboriginal Taiwa-
nese populations, with the exception of the
Yami. It is to be noted that the present paper
is the first documentation of the presence of
the homozygote for ORMI*Q0 in human
populations. Its highest allele frequency was
observed in the Atayal (0.145), with the fre-
quency decreasing toward peripheral regions.
In the present study, the ORM2*H 19 allele is
fairly common in seven aboriginal Taiwanese
populations, ranging from 0.5 to 6.9%. Since
ORM2*H 19 is very common in Han Chinese
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(12] but not high in Southeast Asians [16]),itis

suggested that the ORM2*H 19 allele in sub-

populations of aboriginal Taiwanese probably
originated from neighboring Chinese.

In conclusion, we found monoclonal anti-
bodies to be of great value in ORM phenotyp-
ing of the ORM*Q0 carriers. Further studies

of Japan.

will be required to characterize the silent
allele at both the DNA and protein level.
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