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Reference preparation for proteins in hu-
man serum (RPPHS), also called Certified
Reference Material 470 (CRM 470), was pre-
pared by the International Federation of Clini-
cal Chemistry (IFCC) and is intended to
serve as a new international plasma protein
reference material. It is now being introduced
into Japan. RPPHS possesses many excel-
lent properties, including safety, stability, and
accuracy in value assignment. Moreover, the

identical to those of fresh serum, giving it
immunochemical behavior that is commut-
able with that of existing reference materials
and calibrators in given immunoassays. Ref-
erence intervals of 13 serum proteins were
determined for the first time using nephelom-
etry and a new working calibrator assigned
from RPPHS, which seems certain to play a
critical role in the global standardization of spe-
cific protein immunoassays. J. Clin. Lab. Anal.

physicochemical properties of its proteinsare  11:39-44.  ©1997 Wiley-Liss, Inc.
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INTRODUCTION dardization. Indeed, many series of standards approved by
. . the World Health Organization (WHO), the United States
Ideally, all assay systems should produce identical resulis . :
. 0 . : Centers for Disease Control and Prevention (CDC), and other
for any given protein in a given sample. Accordingly, this

. o organizations have done much to advance this work. None-
would be the ultimate goal for the standardization of a prQ- : :
) e o o theless, reference materials available today have some draw-
tein assay. Quantification of individual proteins is based gn . : : o
o . . L . acks. Some materials are available only in small quantities;
the principle of the antigen-antibody reaction, in which change. -
. . o L : nits vary from protein; safety cannot always be assured, es-
in radioactivity, enzyme activity, or beam scatter in beam- : . ; ) )
. . . ecially against recently discovered pathogenic organisms;
scatter mode assay of antibody-antigen complexes is repre- . ; ;
4 . L o matrix effects influence the assays. Moreover, lack of a defi-
sented as an electrical signal. The protein is quantified whe . : .
) ; L nite protocol for preparation and value assignment causes dis-
the value of a given calibrator protein is transferred to a caor- o . .
) o . repancies in results of immunoassays conducted at different
responding protein in the simultaneously measured sample. | iories (4.5)

In fact, however, results vary from assay to assay. This s . . .
L All conceivable problems of reference materials were in-
the inevitable outcome of many complex, known and un- . : . : :
. . . . vestigated in detail, and a new international reference mate-
known, independent and interactive factors: presence of anti- : ;
. ; .. rigl was completed through collaboration with the IFCC
gens in calibrators and samples, number and quality . ) L
. S o ommittee on Plasma Protein Standardization, the European
antibody assay systems with different principles, and well-". . .
. : nion, Institute of Reference Materials and Measurement,
or poorly defined matrix effects, to name but a few. Attempfts
have been made to develop well-defined primary standards
and then properly to prepare sets of secondary standardscatrespondence to: Dr. Y. Itoh, Department of Clinical Pathology, Jichi
calibrators, and in this way establish total standardizationMgfdical School, Minami-Kawachi-Machi, Tochigi-ken, Japan.

assays (3). This is the basic principle of protein-assay stBBeeived 1 May 1996; accepted 6 May 1996.
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formerly the European Community Bureau of Referenceease the probability of a false-positive result. Sera with a
(BCR), and the College of American Pathologists (CAP), imstory of HBV infection could be contaminated at time of
which 14 different proteins were newly assigned (4). collection. A PCR test (SRL, Tokyo) was thus conducted to
The Japanese Committee for Clinical Laboratory Standasissure negativity for HBV. PCR tests for HCV were also car-
(JCCLS) has asked us to evaluate RPPHS before it is intied out, including both the 5"-noncoding and core regions
duced in Japan (6). This report summarizes our laboratdngsted PCR, Kawasaki Medical College, Kurashiki) (8), HIV
evaluation and our study of the applicability of the completédiapan Synthetic Rubber Co., Tsukuba), and HTLV (SRL).
reference material in Japan and the cooperative establishnidindf these highly reliable tests returned negative results.

of reference intervals among Japanese adults. No bacterial or fungal growth was observed in the culture
medium (TSA, Eiken; Sabouraud Dextrose Agar, Beckton
EVALUATION OF RPPHS Dickinson, Cockeysville), which was held at 37°C after it

The reference material (CRM470) used in this study W\évgs reconstituted with nonsterile distilled water and stored at
C for 14 days.

obtained from the late Professor S. Baudner (Behringwerke,
Marbumg).The Japan National Protein Standard, a secondja._ra/C
standard material for IgG, IgA, IgM, and C-reactive protein
(CRP), in which value assignments were based on WHO InRheumatoid factor was negative (5 IU/ml) on particle im-
ternational Reference Preparation 67/86 and CRP 85/506, wasoassay (RAPA; Fuji Rebio, Tokyo). To detect contami-
contributed by the National Institute of Health of Japan. #ation by monoclonal proteins in the material, cellulose acetate
conventional working calibrator (N-protein; Hoechst-Japamembrane electrophoresis (AES280tomatic Analyzer,
Tokyo) and the corresponding new calibrator (N-protein SYQlympus, Tokyo), agarose gel immunoelectrophoresis (IEP,
assigned from the material, were used in comparison te§terning, Tokyo), and immunofixation using titan-gel (Hel-
Proteins in primary and secondary reference materials, calia, Dkyo) were used. None of the methods described above
brators, and sera were measured by nephelometry (BNiAdicated the presence of monoclonal proteins.
Hoechst-Japan).

tors Interfering With the Assay

Stability After Reconstitution
Safety _ ] _
In accordance with the procedure defined in the CMR470

To guard against hazardous infectious agents, whose @sort, 1 ml of nonsterile distilled water was carefully recon-
sence in the prepared material was confirmed, several agfited and held overnight at room temperature. Its container
gen and antibody tests (7) were used to prepare RPP{§gs then sealed with a rubber cap and stored in a humid envi-
Conventional antigen and antibody tests for pathogenic minment at 4°C. Values of CRP, C3, C4, lgG, IgM, and IgA
croorganisms were all negative in RPPHS, as were testygre determined for the first 4 days and again on day 14. All
sults at the time of serum collection, as shown in a CRM4gRtein concentrations measured remained constant during
report (Table 1) (7). A microparticle enzyme immunoassgyg period; range of variation was 5% or less (Fig. 1) (6).
(Axsym Core, Dainabot-Abbot, Tokyo) showed antibody ag+s was consistent with results published in the CRM470

tivity against hepatitis B core (HBc) antigen, however. Alaport (7). Although 50% lower than that in the reference
though the cause of this activity was unknown, the nonspecific

reaction may be explained by the fact that the material is pre-

pared in several steps from mixed sera and would thus in- ] Fenennn Ponaeme Poona- L+ SRR V 6
TABLE 1. Immunoassay Tests for Pathogenic % 8
Microorganisms in RPPHS 1 )
Test Method® Result 'E
HBs Ag EIA: Organon Technica =) § 54
HBe Ag EIA: Mizuhomedy ) 3
HBc Ab EIA: Abott (-): % Inhibition 43% g
HBc Ab (IgM)  EIA: Abott ) g 9.
HCV Ab EIA: Ortho Diagnostics &) . D R— SRR S, 3 TN
HIV-1, 2 Ab EIA: Abott [ I S e emeien Cie
HTLV] Ab PA: Fuji Rebio 0 0 ST ARpezaee Pz = | R
TPAb RPR Card: Kaketsuken - 0 T T T —1

TPHA: Fuji Rebio =)

Day 1 2 3 4 14

&TP: Toreponenma Pallidum.
PEJA: enzyme immunoassay; PA: Particle agglutination assay; RPR: rapid
plasma reagin test. Fig. 1. Stability of IgG, IgA, IgM, CRP, and C3c stored at 4°C for 14 days.
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value, antistreptolysin O activity was determined at 146 Ppoéssible when automatic application of samples becomes more
ml by turbidimetry (LPIA, Dia-latron, TokyoJhis value also accurate. This fraction can then serve as a target in the prepa-
remained unchanged until day 14 after reconstitution.  ration of RPPHS reference materials.
Total protein measurement and protein fractionation on EP

ELECTROPHORETIC ANALYSES ON RPPHS are laboratory routines. IEP, protein quantitation, and other
more precise examinations are conducted when results are
abnormal. RPPHS may become an essential core material in

AES620 (Olympus, Tokyo) was used in the automatic ajfrese examinations to make complete standardization of labo-
plication of 0.4-0.6u of RPPHS on a cellulose acetate menratory examination of serum proteins possible.
brane (Separax SP, Fuji Film, Tokyo), where it separated into
five fractions at the same migration position as that of freHEP
serum (Fig. 2, left). The percentage {3 9'0.'““'”? frac- Clear precipitin lines were produced by sheep immune se-
tions were lower than those of fresh serum, primarily because

of the delipidization of RPPHS, whereas those of albumip against whole human serum (Sylenus, Melbourne) in IEP,

. . ) . showing almost the same precipitin patterns as those produced

and they fraction were reciprocally higher. Decrease in ley- S o
. . . . y proteins in fresh normal serum at the same migration re-

els of ceruloplasmin, IgM, aredL-antitrypsin during the pro-

: . . ign. C3, which was changed artificially to C3c by inulin,
cessing of the material may contribute to these changes 5 the only exception (Fig. 3) (3). The radius of the precipi-
however. A single clear band appeared atfhegion, re- i '

. .. . _tation arc was almost the same as that of normal serum, indi-
flecting a homogeneous C3c peak as a result of artificial con-

version from C3 (7). The fractions were clearly distinguishab[“'eatlng thatthe prot_e ins detected in the mate_rlal are presem n
. . normal concentration and have the same immunochemical
and there was far less tapering than there wéseirtonven- . :
. : L roperties as those in normal fresh serum.
tional control. Furthermore, protein bands remaining at thE
site of application were negligible. These may also be ex- o
. . - . Immunofixation
plained by deletion of lipid and replacement of matrix wit
Hepes buffer. RPPHS and fresh normal serum produced almost the same
The stability and reproducibility of electrophoretic patterrfsactionation patterns on immunofixation using amido black
produced by this material, observed after it was reconstituteeB: five positive bands formed in the same migratory re-
and stored at 4°C for 20 days, were good. The pattern g®n. The most sensitive laboratory test showed no mono-
mained almost unchanged through day 20 (Fig. 2, right) asidnal proteins to be reacting with both aktand antiA
remained unchanged through day 90 under the same conditiangbodies (DAKO, Copenhagen) (data not shown).
RPPHS is, to be sure, designed to be used as a secondary
reference material in the assay of specific serum proteitselectric Focusing and SDS-PAGE

Because of its excellent stability, reproducibility, and resolu- . . _ :
Isoelectric focusing also showed generally similar posi-

tion in EP, it is also a most promising candidate as a referePce . ) o .
. . . . 1vé protein bands; no positive bands corresponding to prob-
material for use in preparing common reference material anc

Cellulose Acetate Membrane Electrophoresis

in controlling total standardization of laboratory examinatiorﬁolee:lﬂglrl Sc)e%?]tte (;Iri]sstrﬁ)%lii?)?]rsegf (;rit;i:sgsggxgg Ohnogvg\ée-r.

(s)if f:z:jug] pé?;g':;‘ ﬁ:ibsu;nlsni,nV\|/2or;soem(i)onecneen(';[iuorelavl\(/asrfér?E were also similar to those observed in serum (data not
gned by Lo 9 9 P P s%own).AII of these electrophoretic analyses showed the
fraction. Quantitation of albumin by electrophoresis may b% . : . oo
physicochemical properties and structures of proteins in
the material to closely approximate those of native serum

‘ 1 proteins.

! | IMMUNOREACTIVITY AND ASSIGNED VALUES OF
‘ 14 PROTEINS IN THE MATERIAL

J | | Six points were established on the RPPHS, National Stan-
| | dard, and conventional working calibrator dilution curves to
compare immunochemical behavior and value assignment by
o : RPPHS with values obtained with nephelometry (BNA).
£ "‘m 't. Evaluation of CRP is shown in Figure 4. Three dilution
' curves of CRP, set independently using RPPHS, National
Standard, and the calibrator (N-protein), described the same
Fig.2. RPPHS on cellulose acetate membrane electrophoresis. Left, F@dIVe (6), indicating that the immunoreactive behavior of CRP
tionation pattern on day 1. Right, Fractionation pattern on day 20. is quite similar to that of the other reference materials in a

—_— e ——t e T
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Fig. 3. RPPHS on immunoelectrophoresis.

Normal Serum

RPPHS/CRM470

given assay system and, further, that the assigned valu¢hef companies participating the RPPHS/CRM470 prepara-

each had been properly transferred from the common priméon project have, in fact, already announced new values for

reference material, which was WHO 85/506 and was not #feir calibrators. Here we confirmed that the value of one of

fected by preparation procedure, value assignment, or mathi@ new calibrators (N-protein SY) was properly assigned

effects of each. Thus it is not necessary to use a conversiom RPPHS.

factor to adjust CRP value assignments.

T_he same was true for Ig(_3 and IgM when they were te_S‘sEFERENCE INTERVALS OF 13 DIFFERENT

against RPPHS and the National Standard. The value ass'qgﬁg)TElNS IN A POPULATION OF

to IgA by the National Standard was 10% lower than thjl,&PANESE ADULTS

assigned by RPPHS, however. Value adjustment between

RPPHS and National Standard was possible because the di¥e set reference intervals for Japanese populations after

lution curves were parallel. confirming that value assignment by the new calibrator (N-

For the rest of the proteins in RPPHS or the existing cglrotein SY) was accurate and after using a new guideline for

brator, the dilution curves coincidedifi-acid glycoprotein. reference intervals from the National Committee for Clinical

Those proteins in the calibrator with 10-30% higher valukaboratory Standards (NCCLS).

than those in RPPHS include Ightl-antitrypsin, haptoglo-  Seven patrticipating laboratories (Jichi Medical School,

bin, IgA, C4, transferrimy2-macroglobulin, and tansthyretin.Hamamatsu Medical College, Tokyo University, Nihon Uni-

Those with lower values were ceruloplasmin and C3c.Agairersity, Kanagawa-Ken Yoboigaku Kyoukai (Yokohama),

all of these could be commuted, since the dilution curves®iRL, and Hoechst-Japan) used BNA with N-protein SY to

RPPHS and the calibrator of each protein were parallel. Beeasure 13 different sera proteins. CRP against which values

ing proportional to RPPHS, expressed value in the calibratiitained from sera from healthy individuals were below the

can be adjusted by simple use of conversion factors. Somsagisitivity of many assay systems was excluded. First, exter-
nal quality assessment, performed at high and low concentra-
tions on two controls, confirmed the reliability of the quality
assurance systems of the laboratories. Statistical determina-

10,0001 tion of reference intervals was based on NCCLS guidelines
(NCCLS Document (p28), 1992) (9). Sera were collected from
2,060 healthy adults at the Kanagawa Prefecture Yoboigaku
1,000 1 Kyoukai. Reference individuals were selected from a group

A bit

of healthy adults who had been receiving an annual physical
examination in which 25 different hematologic and biochemi-
$00 4 cal parameters were routinely determined. Sera from indi-
viduals deemed healthy on the basis of their clinical records
and results of physicaixaminations were sorted first. Ref-
. . erence individuals were then chosen; those who had abnor-
0.001 0.01 o 12 mal values (outside of mean + 2.5 SD) in any of the
CRP Concentration (mg/1) parameters were excluded. A total of 999 reference indi-
Fig. 4. Results fall on same dilution curve for CRP set by RPPESH— Vldual_s Were thus selected, a”fj sera were randomly Ch(_)SGﬂ
National Standard (@—), and a working calibrator (N-proteina—), by ~and distributed to the laboratories. Because results obtained
nephelometry. from the collected sera did not differ significantly, it was
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TABLE 2. References Intervals of 13 Serum Proteins in Japan and German-speaking Countries

Protein (g/1) Ared Reference intervals (g/l) Protein (g/1) Area Reference intervals (g/l)
al-Acid Glycoprotein J 0.4-0.9 19G J 9.7-17.0
G 0.5-1.2 G 7.0-16.0
Albumin J 39.0-49.0 IgA J 1.1-4.1
G 35.0-52.0 G 0.7-4.0
al-Antitrypsin J 0.9-15 IgM J 0.4-1.9
G 0.9-2.0 G 0.4-2.3
C3 J 0.9-1.6 a2-Macroglobulin J 1.1-2.3
G 0.9-1.8 G 1.3-3.0
C4 J 0.1-0.4 Transthyretin J 0.2-0.4
G 0.1-0.4 G 0.2-0.4
Haptoglobin J 0.7-1.7 rénsferrin J 2.0-3.6
G 0.3-2.0
Ceruloplasmin J 0.2-0.4
G 0.2-0.6 G 2.0-3.4

4 = Japan; G = German-speaking countries.

feasible to assemble and analyze these samples. The réffieir values were not statistically significant. Reference in-

ence distributions of 13 proteins were normalized usingevals associated with physiologic changes and lifestyles were

modified Box-Cox formula (9). After all the data were tranghus created (Table 3) (11).

formed, mean and standard deviations were calculated; daf@he present project represents a new statistical approach

outside the mean £ 2.81 SD were excluded. After this truo-establishing reference values of serum proteins in adults

cation, the 95% confidence interval (mean = 1.96 SD) aliwing in a large city; moreover, it showed interesting aspects

median were calculated, and the values were transfornoéghysiologic variation in proteins, variation associated with

back to the original scale. age, sex, and lifestyle. Reference intervals can be shared by
Reference intervals of 13 different proteins are summiaboratories as long as populations of reference individuals

rized in Table 2 (10). The intervals were quite similar to ttere similar and the same well-qualified assay is used in con-

consensus reference values obtained in German-spealimgtion with a sound quality assurance system. This would

countries (S. Baudner, pers. comm.). Intervals establisheddduce the amount of laborious, expensive, and time-consum-

this study were slightly narrower than those obtained in thmg work required.

German-speaking countries, however. This difference may

be explained by the fact that we used the only one assay SRESENT AND FUTURE PROSPECTS

tem. Also, all of the reference individuals were living in the

same city (Yokohama) and had been strictly sorted. leferhd our understanding of the report on CRMA470 by BCR (7),

ences in race, lifestyle, and social circumstances may furtRor . .
_— are summarized in Table 4. In every respect, the present ma-
account for this difference.

. .. _terial is a harbinger of a new generation materials for use in
Reference intervals were based on age, sex, and lifestyle,” . o : L
. . : X rotein assay standardization. The major significance of
using oneway analysis of variance (ANOVA) and multivari-

ate analysis. Subgroups were combined when differenceﬂ%LE 4. Superior Properties of RPPHS/CRM470

The properties of this material, based on our evaluation

Serum-based material with well-documented preparation protocols.
Fourteen different proteins standardized.
TABLE 3. Variation of Serum Proteins in Relation to Age, a) Enable to expand the standardization for other proteins.
Sex, and Lifestyle b) Accurate value assignment from primary standards and pure
proteins.
¢) Two kinds of unit expressed: mass conc., IU.

Significant-demographic

and lifestyle factors Associated proteins : . " ) )
Physiocochemical properties and structure correspond closely with native

Sex: serum protein.

Higher in males than in females al-Acid Glycoprotein  Eliminates matrix effects: dilipidization, use of Hepes buffer.

Higher in females than males a2-Macroglobulin, Stable when sotred at —70°C to 20°C.

Transferrin, IgM Stable at 4°C for 14 days after reconstitution.

Age: Assures safety.

Gradually decreases with age in females Transferrin, IgM Assures continuous renewal.
Use of tobacco: Quantities sufficient to supply for a number of years.

Higher in smokers than in nonsmokers Haptoglobin, IgG  Internationally certified or approved.
Use of alcohol: May be prepared as a basis for reference material for use in other body

Higher in drinkers than in nondrinkers C3 fluids.
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RPPHS preparations is that they may make it possible to camganizations for use in evaluating their own secondary stan-
pletely standardize preparation of reference materials. Castards, calibrators, and controls. Selecting commutable assays
plete definition of preparation of the material from samplings well as well-defined calibrators and controls, setting refer-
the source serum to value assignment makes it possiblerioe intervals of 14 different proteins will be further under-
produce reliable and commutable working calibrators or camken throughout Japan by the Committee for Serum Protein
trols. These facilitate standardization of protein assays &tdndardization of the Japan Society of Clinical Chemistry.
thus bring about rapid development through re-evaluatiiCC will soon start an international survey of quality assur-
under a system that controls all matters affecting quality asice of the assay and also of the study of reference range.
surance in the laboratory. Our project will be the basis for these studies that aim to es-
The material is prepared by processing pooled sera frtablish reference ranges of proteins—the ultimate global goal
healthy adults. Thus its properties are likely to approximaté standardization of assays for proteins.
closely those of normal fresh serum. Under some physiologic
and pathologic conditions, however, altered protein prop KNOWLEDGMENTS
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