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Abstract

A capillary zone electrophoresis (CZE) technique was developed for the determination of poorly separated monoclonal
serum proteins by agarose gel electrophoresis (AGE). A P/ACE 5500 capillary instrument (Beckman) was used under the
following conditions: 57 cnx50 wm 1.D. fused-silica capillary, pH 9.6 borate buffer, and 214 nm on-line detection. Sixty
patients (6113 years) with a well isolatedh&24, group A) or poorly separated monoclonal band(s) by AGE3g, group
B) were included in this study. Within- and between-run precision for CZE was below 4% for albumin and 7% for
v-globulin. A 100% (group A) or 61% agreement (group B, more bands detected by CZE in 10 cases) was obtained between
CZE and AGE for the number of monoclonal bands. In group B, quantification was possible in 92% of samples by CZE vs.
64% by AGE P<0.05, chi-square). The proposed CZE method appears as an additional helpful technique for the
determination of poorly separated monoclonal serum proteins by AGE2002 Elsevier Science BV. All rights reserved.
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1. Introduction densitometric scanning reflects tumor mass [2].
Detection and quantification g8-migrating mono-
Agarose gel electrophoresis (AGE) of serum pro- clonal immunoglobulins (Wwkién g/I) remain
teins is routinely used in clinical laboratories for the problematic because of their comigration with other
diagnosis and monitoring of human B cell malignan- -globulins: C, fraction of the complement, trans-
cies [1]. When produced by a single clone of cells, ferrin @nliboprotein [3]. In our experience, they
immunoglobulins are detected in serum as a narrow are encountered 0% of serum containing a
band most frequently in thg-region of the gel; the monoclonal component, although this might be
amount of monoclonal component measured by underestimated [3]. Oligoclonal profiles, large or

weak suspect bands are observed in anothe20%

- of these samples and their poor separation does not
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42499247 frequently allow a reliable quantification and/or
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complex serum profiles, especially in clinical lab-
oratories performing a large number of serum elec-
trophoresis.

Capillary zone electrophoresis (CZE) represents a
significant advance in current electrophoresis tech-
nology [4-7]. Using a fused-silica capillary and
high-pH buffer, CZE efficiently separates serum
proteins according to their charge-to-mass ratio into
five major regions+, B, a-2, a-1, and albumin) with
a particular ability to separate immunoglobulin A
(IgA) from otherp-globulins [3,8—11]. CZE requires
small amount of sample and reagents with no time
consuming staining-destaining and densitometric
scanning of gel. Fully automated CZE instruments
are now available on the market, but they are
specifically designed for serum analysis (with multi-
ple sample analysis) and therefore cost-effective only
in large laboratories. In addition, the reliability of
serum monoclonal band quantification by UV de-
tection is still uncertain with significant positive bias
vs. AGE reported [9—-11]. Here we developed a CZE
technique on a semi-automated P/ACE 5500 instru-
ment (Beckman) for the determination of poorly
separate@-migrating immunoglobulins ang-oligo-
clonal/large band profiles by conventional AGE.

2. Materials and methods
2.1. Patients and samples

Sixty hospitalised patients (6113 years, M/F:
30/30) with at least one monoclonal fraction by
AGE in their serum were separated into two groups
based on their AGE profile, group A: a single well-
defined monoclonal band i (n=24: 19G 83%, IgM
13%, IgA 4%) and group B: monoclonal band(s)
poorly separated by AGEhE36), eitherp-migrating
(n=19: IgA 74%, 1gG 26%) or oligoclonal/large
bands profilesn=17: 1gG 59%, IgM 24%, IgA 18%,
free light chains 12%). Twenty patients from group
B were re-examined after 3 months in the course of
their therapeutic follow-up with the following inter-
pretation: >10% decrease in serum monoclonal
protein concentratioatreatment efficacy, >10%
increase=disease progression.

Blood samples were collected in 7-ml thrombin
tubes (Beckton Dickinson) and centrifuged for 15
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min at 150@t 20°C). Total protein determination
and AGE were performed on fresh serum samples,
before storage a0°C for CZE analysis.

2.2. Materials

2.2.1. Capillary zone electrophoresis
CZE was performed using a P/ACE 5500 semi-
automated system (Beckman) with a 57 cm (50 cm
effective length) pm 1.D. fused-silica capillary at
28. Serum samples were diluted 50-fold in de-
mineralized water (Fresenius) as described elsewhere
[12], before hydrodynamically injected under pres-
sure (15 s). The running buffer was a pH &6 0.3
borate buffer (Protein separation buffer A, Sigma)
adjusted to pH 9.6 wiM NaOH. Proteins were
separated at a constant voltage of 17 kV for 20 min
and the electrophoretic profile was obtained by direct
absorbence of the peptide bonds at 214 nm at the
cathodic end. Between runs, the capillary was se-
quentially washed and reconditioned for 1 min with
demineralized water, 2 min withialOH, 2 min
with demineralized water and 1 min with running
buffer.
Two serum samples were selected for estimation
of within- and between-run precision (RSDs;20):
a normal control (65 g/l total protein) and a
pathological one (78 g/l total protein) with a well-
defined monoclonal band (19.9 g/l) in theregion
of the agarose gel. The sensitivity of CZE for
monoclonal detection was evaluated by serial dilu-
tion of a serum containingyanigrating monoclonal
IgG (10 g/l) in a normal serum (polyckpn&D

gll).

2.2.2. Agarose gel electrophoresis
AGE was performed on a semi-automated gel
electrophoresis apparatus (Hydrasys, Sebia) using the
Hydragel Kit(Sebia) [13]. Briefly,dlCof undiluted
serum was applied to each well (15/30 wells/gel),
and allowed to diffuse for 5 min before separation at
272 V @C28uring 7 min in a Tris—barbital, pH
9.0 buffer. Gels were dried at@Sor 10 min,
stained with 4 g/l amidoschwartz in a 100 mi/I
acetic acid solution, and destained with 0.5 g/l citric
acid before final drying atG5for 8 min. The
electrophoretic profile was obtained by densitometric
scanning of the gel at 570 nm on a Hyrys densitome-
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ter (Sebia). Total analysis time was 45 min. In our obtained for the fastest protegishulins), and in
hands, between-run precision (monthly contrals; the 5-10% range for the slowest protein (albumin).
30) is comprised between 5% (for albumin) and 13% Sensitivity of the technique for monoclonal com-
(for a-1-globulins). ponent detection was 0.5 g/I. A CZE electrophoreg-

ram of the normal control is presented in Fig. 1.
2.2.3. Other biochemical analysis
Total serum protein was determined on a Hitachi 3.2. Electrophoretic separation
747 analyser (Boehringer) by the Biuret reaction
(Boehringer). Quantitative results for each fraction of As for AGE, all patients from group A presented a
the CZE or AGE electrophoregram are expressed in single sharp spike by CZE migratingyinetiien
g/l by multiplying the % of total area under the (mean concentration: 26.6 g/l, 1.0 to 57.8 g/l).

curve (AUC) with total protein concentration. Serum Results obtained in group B are summarised in the
immunofixation was performed using the Paragon form of a flowchart (Fig. 2). The number of suspects
IFE kit (Beckman). bands detected by CZE was identical to AGE in 61%

of cases. In all other cases, except one10), the
2.3. Satigtical analysis number of bands detected by CZE was superior to

AGE (Fig. 2, Table 2). The exact number of

Population distribution was Gaussian and results fractions could not be determined in three poorly
are expressed as mean and standard deviation. Corre- separated profiles bp=€4Eo( AGE H=2).
lation between techniques was evaluated by linear Selected examples of CZE electrophoregrams from
regression and analysis of variance (ANOVA), and poorly separated monoclonal proteins by AGE are
differences between techniques by the chi-square presented in Fig. 3.
test. Significance level was set Bt<0.05 for all
tests.
NORMAL albumin

3. Results CONTROL

3.1. Analytical performances

Precision (within/between-run RSDs) for albumin
and v-globulin quantification was below 4 and 7%
for both controls, respectively (Table 1). For other
globulins, RSDs ranged from 6% (within run) for
B-globulins to 25.1% (between run) fowk-2-
globulins. For retention times, RSDs below 5% were

Table 1
Analytical performance of the CZE technique
Fraction Normal control Pathological control beta
g/l RSD* (%) g/l RSD* (%) gamma alphaz aPhal
Albumin 435 1.6/3.6 41.3 1.4/2.3 i
a-1-Globulins 15 18.0/23.3 2.0 10.4/15.6 ' 10 LU 1g' 13 ' 14 15 16 17 18
a-2-Globulins 5.8 18.7/14.7 4.8 17.6/25.1
B-Globulins 5.1 7.3/13.9 6.6 6.0/9.8 minutes
v-Globulins 8.1 3.8/6.8 23.5 1.6/4.1

Fig. 1. CZE electrophoregram of the normal control. Normal
Total protein: normal control 65 g/l, pathological control 78 control (65 g/l total protein, smooth byaamhe: 8.1 g/l).
g/l. *RSD: Within/between run precisiom€20). Electrophoretic separation was obtained in 20 min.
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Monoclonal
RESOLUTION

CZE / AGE concordant 2 CZE / AGE discordant

(n=22) (n=3) (n=11)
Number of bands: Number of bands:
l:in=13 1 additional, n=8§
2in=7 3 additional, n=2
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possible by CZE

possible by AGE
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B-migrating: n = 2, Oligoclonal: n =1 B-migrating: n = 8, Oligoclonal: n =5

Fig. 2. Separation and quantification of poorly separated mono-
clonal bands. Performance of CZE and AGE was compared in
patients from group B having in their serum either a monoclonal
immunoglobulin comigrating withB-globulins 6=19) or an
oligoclonal or large band profilenE&17).

3.3. Monoclonal band quantification

In group A, the absolute difference with AGE was
0.9+1.8 g/l. Results of CZE and AGE significantly
correlated (=0.992,P<0.0001): CZE (g/l¥1.02x
AGE (g/1)+1.37 (Fig. 4). In group B, quantification
of monoclonal bands was possible in 92% of samples
by CZE vs. 64% by AGER<0.05), including 10 of
13 (19.8-9.9 g/I) not measurable proteins by AGE
(six B-migrating, four oligoclonal profiles). In sam-
ples quantified by AGE, results of CZE and AGE
correlated (=0.987,P<0.0001): CZE (g/I¥1.03X
AGE (g/I)+3.33 (Fig. 4), with a 4.23.5 g/l
absolute difference between CZE and AGE.

3.4. Therapeutic follow-up

Fourteen out of 20 monoclonal bands were quan-
tified by AGE and patients were classified as display-
ing therapeutic efficacynESb), relapse {=3) or
stable diseasenE6). A 100% concordance was
obtained with CZE (Fig. 5). Among those, two
patients with ap-migrating monoclonal immuno-
globulin had apparent total remission by AGE (no
peak detected); two bands were still detected by CZE
(2.7 and 1.1 g/I).

Five oligoclonal profiles and ong-migrating
monoclonal band could not be quantified by AGE.
They were classified as apparent stable disease (
5) or treatment efficacynE1l). The p-migrating
band measured by CZE was 42.3 g/l before and 9.6
g/l after treatment confirming treatment efficacy. All

Table 2

Electrophoregram resolution: discordant samples between CZE and AGE

Subject Age CZE IFE

(sex/age) (No. bands) (No. bands, quantification) (typing)

1 (F/89 years) 1 2 (56.7, 0.4 g/l) 2 1gG Kappa

2 (M/50 years) 1 4 (16.4 g/l poorly separated.) 1 1gG Kappa

3 (M/68 years) 1 2 (26.4, 15.8 g/1) 1 or 2 IgA Lambda
4 (F/81 years) 1 2 (21.3, 2.3 g/l) 1 IgA Lambda

5 (F/77 years) 1 4 (48.1, 28.9, 22.6, 0.3 g/I) 3 1gG kappa

6 (M/38 years) 1 2 (13.9, 1.4 g/l) 2 or 3 IgA Kappa

7 (M/82 years) 2 3 (54,54, 44 gll) 3 BJ Lambda

8 (F/48 years) 2 3 (6.6, 2.2, 1.2 g/l) 4 1gG: 2 KappaLambda
9 (M/66 years) 2 3(19.4, 14.0, 5.7 g/1) 2 or 3 IgA Kappa
10 (M/52 years) 2 3 (27.5, 16.1, 12.3 g/l) 3 IgA Lambda

11 (M/36 years) 4 3 (5.4, 4.8, 4.5 gll) 1 lg& IgM Lambda
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PATIENT #1 monoclonal IgG

{lambda)

PATIENT #2

albumin

monoclonal IgG
(kappa)

albumin

alphat

PATIENT #4

albumin

PATIENT #3 3 monoclonal
free light chains
Monoclonal IgG (lambda)
monoclonal fambda}
free light
chain .
{lambda) albumin

Fig. 3. Selected CZE electrophoregrams from poorly separated monoclonal bands by AGE patient 1 (total protein: 107 g/l), by AGE: one
band co-migrating witi3-globulins, by CZE: a well separated bandyinpatient 2 (total protein: 64 g/l), by AGE: a large band in the

region of the gel, by CZE: heterogeneity of a large monoclonal band (four peaks?); patient 3 (total protein: 61 g/l), by AGE: one band in
they region of the gel, by CZE: two bands (intact immunoglobulin and free light chain in the form of a sharp peak); patient 4 (total protein:
64 g/l), by AGE: two bands in theg region of the gel, by CZE: three sharp peaks of free light chain.
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Fig. 4. Correlation between CZE and AGE for monoclonal band
quantification. Correlation between the two techniques was ex-
amined in patients from group A€24) and those with poorly
separated monoclonal band(s) by AGE (group B), comigrating in
the B-region 6=19) or oligoclonal profilesn(=17).
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Three month treatment follow-up

Fig. 5. Therapeutic follow-up of myeloma patients by CZE and
AGE. Twenty patients from group B were reexamined 3 months
later in the course of their treatment. Therapeutic efficacy was
defined as a>10% decrease in monoclonal fraction concentration
and disease progression as >al0% increase. Each symbol

represents a patient (open symbols: AGE, closed symbols: CZE).
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oligoclonal profiles (except one) were quantified by
CZE confirming the diagnosis suggested by AGE.

4. Discussion

In the last 5 years, capillary zone electrophoresis
has begun to have an impact in some clinical
laboratories for analysis of proteins in serum [8—15],
and in a lesser extend in urine [16] and in cerebrospi-
nal fluid (CSF) [17]. Advantages of CZE over
conventional AGE are related to full automation
[13-15] and/or improved electrophoretic separation
[10,11,17,18]. Recent results suggest, however, that
quantification of polyclonal [15] and/or monoclonal
[9] +v-globulins by CZE might be subjected to
positive bias vs. AGE [11].

Current CZE methodologies for serum protein
analysis (adapted on fully automated systems) are
based on multiple sample analysis with 20x&5—

40 pm diameter untreated fused-silica capillaries
(n=7 for the Paragon CZE 2000) [9,13-15]. High
voltage (10 kV) with a buffer having a pH substan-
tially higher than isoelectric points of the sample
proteins separates serum proteins-fimin [13-15].
Here we increased the length of the capillary to 57
cm to improve protein separation (especially in the
B-v zone), an approach already described for serum
(100 cm total length) [12] and CSF analysis (80 cm)
[17]. We also selected a high-ionic-strength O/3
borate buffer since~1% of monoclonal proteins
(usually slow IgG or IgMy-migrating by AGE) are
not detected by CZE when a low-ionic-strength
buffer is used (50 Ml borate) [9,19,20]. The pH of
the Protein separation buffer A was further raised
from 8.6 to 9.6, as isoelectric points as high as 9.0
have been described for some monoclonal immuno-
globulins [20]. The use of a pH lower than the
isoelectric point of a monoclonal immunoglobulin
will result in no peak detection at the cathodic end.
The use of a high ionic strength buffer in CZE,
however, resulted in high current so that a maximum
of 17 kV could be applied for protein separation with
a total analysis time of 20 min/sample.

Quantification of each protein fraction by electro-
phoresis techniques always relies on two measure-
ments: total protein by the Biuret technique (usually
automated on a clinical chemistry analyser) and %
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peak AUC by densitometric scanning (AGE) or
direct UV absorbence (CZE). The Biuret is the most
widely accepted method to quantify total protein in
human serum, because of specificity, low cost, and
analytical performances (in our hands, between-day
variation: RSB=0.8% for a control at 65 g/h=27).
Our CZE method was as precise as other CZE
semi-automated techniques [9-11] or our routine
AGE technique for separation of albumin (RSD
5%) andvy-globulins (RSDB-10%). The poor preci-
sion for a-1- and a-2-globulins (RSDs10-25%)
mostly reflects the protein heterogeneity of these
zones, leading to irreproducible automated integra-
tion [9]. While less precise than the high-volume
throughput Paragon CZE 2000 (RSDs: 2—-10%) [13—
15], our method fulfils the analytical requirements of
clinical laboratory electrophoresis, especially for
albumin andvy-globulins. The 0.5 g/l sensitivity for
monoclonal detection is also comparable to that of
conventional AGE and automated CZE. Obviously,
the main limitation of the system is the single-run
capability of the P/ACE instrument. Our method
cannot compete with semi-automated AGE3(
samples/1 h) [13] or automated CZE with simulta-
neous multiple-sample analysis (up to 60 samples/1
h) [13-15].

Improved CZE resolution resulted in the detection
of additional bands iny and/or vs. AGE. Most
frequently, a single additional clone was evidenced
and confirmed by IFE as IgAnE4), IgG (=3) and
free light chain (=1). The exact nature of additional
bands detected by CZE was not always established
by IFE and might represent true oligoclonal gam-
mopathies, structural heterogeneity of monoclonal
immunoglobulins (different glycosylation or poly-
merization levels), CZE artefacts or another un-
known phenomenon. The oligosaccharide pattern of
IgG is, for example, constant in every healthy
individual, but variations may be encountered under
pathological conditions, including multiple myeloma,
due to differences in glycosyltransferase activity
[21]. Interference studies performed on the CZE
Paragon 2000 provided no evidence for a significant
alteration of the CZE pattern by bilirubin, lipids, or
fibrinogen; hemolysis resulted in a peak #+B
region [14,15], but none of our samples was
hemolyzed. However, it has been showed that radio-
contrast agents absorbing at 214 nm can simulate a

69

monoclonal component [22]. In our study, CZE
allowed the detection of one case of bisalbuminemia
(out of 60 patients, not detected by AGE) as recently
observed by others [23]. Another interesting feature
of our CZE technique is that monoclonal free light
chain (present in three patients, lambda type)
produces a distinctive sharp peakyirethen of
the electrophoregram (Fig. 3).
More than the determination of the exact number
of clones, the presence of free light chains vs. intact
immunoglobulins or the detection of a bisal-
buminemia, our CZE technique allows a reliable
quantification of previously not measurable mono-
clonal protein(s) by AGE. Of the complex protein
profiles we analysed, 92% could be quantified by
CZE, a significant improvement over AGE (64%). In
a recent stglynigrating immunoglobulins (by
AGE) were efficiently separated from transferrin by
the Paragon CZE 2000 system, thus allowing their
quantification in 70% of cases (45 out of 65) [3]. We
here obtained an excellent correlation with minimum
bias0.90, +2.8% in group A) between CZE and
AGE for monoclonal protein quantification. There
was no influence of the monoclonal protein con-
centration. A3452g/| difference was, however,
observed in group B. Because they are shifted
towardlobulins in their mobility, B-migrating
immunoglobulins should be more accurately quan-
tified by CZE than by AGE. In CZE-fifaetion
does not overlap with thg-fraction [10—12] thus
leading to 10—-15% lower valueg-{globulins and
10-15% higher valugglfidyulins compared to
AGE [15]. Importantly, our technique allowed the
therapeutic follow-up (over a 3-month period) of 20
patients with poorly separated monoclonal bands by
AGE.
Until now, the reliability of monoclonal band
quantification by previously published manual or
automated CZE methods remained uncertain [9—11].
Excellent results were first reported in large groups
of patients0(96 with AGE, slope~1.0) [10,11].
~h0% of samples, however, the absolute differ-
ence between CZE and AGE for monoclonal protein
guantification was important (up26 g/lI) [11]. In
a more recent study [9], CZE quantification of
monoclonal proteins yieldedt®%6 higher mean
values than AGE. This phenomenon was not depen-
dent on the class of monoclonal protein: 1gG
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(+49%), IgM (+47%) and IgA @37%). The direct [5] R.L. St. Claire, Anal. Chem. 68 (1996) 569R.

measurement at 214 nm might be strongly affected [6] R. Lehmann, W.Voelter, H.M. Liebich, J. Chromatogr. B 697
, . ) ) ) (1997) 3.

by the UV-active side chains Wh|(_:h absorb_ in the [7] MV. Novotny, J. Chromatogr. B 689 (1997) 55.

240-280 nm range and are found in aromatic amino [g] m.A. Jenkins, M.D. Guerin, J. Chromatogr. B 699 (1997)

acids and histidine. The specific absorption coeffi- 257.
cient of most abundant serum proteins varies from [9] Y. Henskens, J. De Winter, M. Pekelharing, G. Pnjee, Clin.
13.32 for IgG to 17.96 | g* cm" fosl-antitrypsin Chem. 44 (1998) 1184.

. . LT [10] M.A. Jenkins, M.D. Guerin, Ann. Clin. Biochem. 32 (1995)
[15]. This might be also the case for individual 403,

monoclonal proteins, thus leading to significant over- [11] Mm.A. Jenkins, E. Kulinskaya, H.D. Martin, M.D. Guerin, J.

[9] and/or underestimation [11] in their measure- Chromatogr. B 672 (1995) 241.
ment and a converse error in other fractions, since [12] JW.Kim, J.H. Park, JW. Park, H.J. Doh, G.S. Heo, K.J. Lee,
CZE results are obtained in % of total AUC. Clin. Chem. 39 (1993) 689.

. . [13] F. Godey, M. Ropert, A. Bouasria, C. Lucas-Clerc, L.
In conclusion, our CZE method designed for the Guenet, N. Savoure, A. Le Treut, Ann. Biol. Clin. 57 (1999)

analysis of poorly separated monoclonal proteins by 337.

conventional AGE is efficient, sensitive and precise [14] J. Bienvenu, M.S. Graziani, F. Arpin, H. Bernon, C. Bles-

at low cost. Caution should be, however, pa|d to sum, C. Marchetti, G. Righetti, M. Somenzini, V. Gioacchino,

monoclonal protein detection and quantification by 18] f( AB%“SZSZU';HC“(;" gzg‘;t't::at(éggf) gzz-a ers. N, Blanckacrt
CZ!E._ The buffer cond|t_|ons should be Carefglly Clin. Chem, 44 (1998) 749.

optimised fQI’ the (_jEtecnon of all monoc"_)nal IM-""[16] M.A. Jenkins, T.D. O’Leary, M.D. Guerin, J. Chromatogr. B

munoglobulins. Using a pH 9.6 buffer with high 662 (1994) 108.

jonic Strength, 100% of monoclonal proteins were [17] E. Sanders, J.A. Katzmann, R. Clark, R.P. Oda, Z. Shihabi,

detected and a large majority of them successfully J.P. Landers, Clin. Chem. Lab. Med. 37 (1998) 37.
[18] F.T.A. Chen, Clin. Chem. 38 (1992) 1651.

quantified. [19] M.A. Jenkins, M.D. Guerin, Clin. Chem. 42 (1996) 1886.
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