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Abstract

Capillary zone electrophoresis (CZE) and immuno-
subiraction electropharesis (ISE} were evaluated for
ability to detect and immunotype monoclonal proteins,
compared with agarose gel electrophoresis (AGE) and
immunofixation elecirophoresis (IFE), respectively. Six
hundred seventeen serum samples were analyzed with
CZE and AGT to determine sensitivity and specificity in
detecting IFE-confirmed monoclonal garmmopathies.
Both techniques detected all monoclonal spikes due lo
IeM (n = 8), 1gG; (n = 38), und free light chains {(n = 3).
Agarose gel electrophoresis, however, detected only 11
of 14 (79%) 1gA monaclonal spikes detected with CZE.
Tn a second study, 78 serum samples, 48 of which had a
monoclonal gammopathy confirmed with IFE, were
evaluated with ISE. Only 60% to 75% of the mono-
clonal gammaopathies were correctly immunotyped with
ISE by 4 readers blinded to the IFE immunotype. Thus
CZE was more sensitive than AGE in detecting low
concentralions of monoclonal proteins, but ISE is less
accurate than IFE in determining the immunotype of
the monoclonal gammopathy.
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Scerum protein agarose gel and immunofixation elec-
trophoresis are valuable tools for delcetion and identification
of monoclonal gammopathies, amyloidosis, and other
dysproteinemias, Monoclonal ganymopathies are found in 3%
of patients older than 70 years and 1% of patients older than
50."2 Initially, small amounls of monocional proteins
produce no clinical symptoms, und the diagnosis is mono-
clonal gammopathy of unknown significance.® Inasmuch as
20% to 25% of patients may cventnally develop the malig-
nant disorder multiple myeloms, it is important that sensitive
methods be available o detect these monoclonu! proteins, For
more than 20 years, monoclonal proteins in scrum and urine
have been detected primarily with agarose gel clectrophoresis
(AGE). Capillary zonc electrophoresis (CZH) is 4 rapid, cost-
cifective, partially automated alternative to AGE.*10 This
methed involves scparation of charged molecules in a buffer-
filled capillary twbe by application of high voltage (30 kV).!!
The main beneficiul characteristic of CZL is the high separa-
tion efficiency thal can be achieved, which allows the assay
to be campleted in approximately 1 minute. Capillary zone
electrophoresis has been reported to have increased sensi-
tivity and comparable specificily to AGE in identification of
monoclonal proteins.*10

Immunotyping of paraproteins after detection on agarose
gel is usually performed with immunofixation electrophoresis
(M) 1513 Recently an alternative method to immunofixation
has been developed for immunotyping monoclonal
gammopathies by subtraction with fmmunoadsorption and
stibsequent electrophoresis with CZE. With immunosubtrac-
tion electrophoresis {ISE), the serum is first incnbated with
Immunoglobulin class—specific antibodies bound Lo Sepharose
beads. The serum from which 1 immunoglobulin class or light
chain has been “subtracted” with the antibody-coated
Sepharose beads is then ran on the CZE instrument, and the
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elcctrophoretic pattern is examined for decrease in or disap-
pearance of the monoclonal protein. '

We used an anlomated serun protein electrophoresis
system to examine the feasihilily of utilizing CZE and ISE to
identify and immunotype monoclonal serum proteins,

Methods

Agarose (el Electrophoresis

Agarose gel electrophoreses was performed with the REP
systemn (Helena Labotatorics, Beaumend, TX). Gels were stained
with Ponceau S and scanned with a densitometer. Densitometer
readings were relayed 1o the central processing unit (Compag
Deskpro 286, Tniel 80286), which calcululed the areu of each
peak and expressed it as a percentage of the Lotal protein.

Capillary Zonc Electrophoresis

Capilluary zone electrophoresis was performed with a
Paragon CZE 2000 system (Beckman [nstruments, Brea,
CA), using the automated sample-handling module, Beckman
systein buffers, and Beckman software designed [or the 7-
capillary clincal instrument.

Immunologic Techniques

‘T'he procedure for immunofixation was followed according
to eslablished protocols.'” Tmmunotyping by immunosubtrac-
tion was perforared with the Beckman Paragon CZE 2000 afier
incubation of serum aliquots with 7, c, u, ¥, and A light chain
antibodies bound 1o Scpharose beads. After incubation of the

serum aliquots with antibody-coated beads, CZE was performecd
lo determine which reagents removed (he monoclonal proteins,
The electropherograms from the original and absorbed serum
aliquots were analyzcd with Beckman Parugon CZE 2004 soft-
ware. Quantitation of specific immunoglobulins wus accom-
plished with nephelometry using manvfacturcr-recommended
reagents on a Beckman amay.

Clinical Samples

The correlation study of AGE and CZE was conducted
by testing 617 patieat serum sumples with each method.
Patterns of C7E and AGE on random samples were inier-
preted by a medical technologist {(S.K.A. or G.P) and a
medical director {(C.M.L. or HR H.) blinded to I'E immuno-
type. Reference ranges for CZF used lor correlation were
Beckman published ranges for a population of 134 healthy
men and women in southern California.

For evaluation of sensitivity and speeilicity of the ISE
method, 78 palient sera were tested, 48 of which were deter-
mined (o have a monoclonal protein as determined with IFE.
The interpretations of the JSE patterns were made by the
same 2 medical fechnologists and 2 medical directors,
blinded (o the IFE results.

Results

‘When compared with AGE, the increased resolution of
C7E allows separation of the B region into 2 distinct peaks,
transfcrrin and the third component of complement (C3)
WFigure 18, Therc was 100% agreement between CZE and

Albumin -1  ©-2 B Y

R

Transferrin
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Irigure 18 Electropharesis of normal serum protains. A, Agarose gel electrophoresis. B, Capillary zone electrophoresis,
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AGE on 352 serum samples that did not contain & mono-
clonal protein Flable 10 Nceither the presence of fibrinogen
ner hemoglobin (hemaolyzed samples) caused artifacts on the
CZE electropherogram, which are noted as an extra peak in
the B region or a suspect band on AGE, respectively. Bach
mcthod detected a monoclonal spike in 8 serum samples
with IgM menoclonal gammopathy and in 38 scrum samples
with IgG monoclonal gammopathy. Both methods also
detected 3 frec A light chain and 2 biclonal gammopathies. In

ITable 1%
Capillary Zone Flectrophoresis vs Agarosce Gel
Electrophoresis in Detection of Monoclonal Profeins

Ganmopathy Detected

Monoclonal No. of Sermin
Gammaopathy Samples CZE (%) AGE (%)
No rnonecclonal 552 0 0
protein detected
lgM 8 100 100
lgG 38 100 100
lgA 14 100 79
Fraa L light chain 3 100 100
Bicional 2 100 100
Total 6h 100 95

CZE = capillary zone electrophoresis; AGE = agaruse pel electeophoresis.
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contrast, AGE did not detecl 3 of the 14 IgA monoclonal
gammopathies detected with CZE (79%). The AGE, CZE,
and TFE profiles of serum from a patient with an IgA-A
monoclonal gammopathy are shown in BFigure 2K Agarose
gel eleclrophoresis showed a normal pattern (Figure 2A),
but CZE demonstrated a peak within the B region migrating
nexl Lo the transferrin peak (Figure 2B). The sample was
tested with IFE, which confirmed the prescnce of IgA-A
monoclonal gammoputhy (Figure 2C). The 3 TgA mono-
clonal proteins not detected with AGE were tested with
nephelometry to quantitate the amount of IgA prescnt,
Thesc paraproteins demonstrated total TgA values less than
650 mg/dL. All of the discrepant IgA monoclonal
gammopathies were “hiding” in the J region on the agarose
gel, as revealed with IFE.

Because CZE separates the transferrin and C3 proteins into
distinct peaks, we had difficulty determining whether increascs
in transferrin or complement peak height might be hiding a
small monoclonal protein. With AGE, a suspicious band of
restriction was noted in the P region (Figure 2D), and with CZE
increased complement and normal transferrin were demon-
strated (Figure 2E). IgA-A monoclonal gammaopathy was
confirmed in the  arca with IFE (Figure 2H).

Seventy-eight serum samples were examined to evaloate
the feasibility of using ISE to immunotlype monoclonal

‘]
st

SPE  IgG  IgA

EFigure 21 Electropherograms of serum samples from 2 patients with [gA-l monocional gammapathy. A, Agarose gel
electrophorasis (AGF) tracing shows a normal tracing in this patient. B, Capiliary zone elactrophoresis {CZE) tracing of same
serum as in A shows a band in the B region. Arrow indicates monoclonal protein, C, Immunofixation electrophaoresis (IFE)
tracing shaws [gA-A specificity of monoclonal protein. D, AGE tracing in second patient shaws a suspect area in [ region
{arraw). £, CZE tracing shows increased complement peak {arrow), F, IFE tracing shows IgA-A monoclonal gammopathy.
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gammopathics. Forty-vight of the samples contained mono-
clonal proteins. The samples were originally immunotyped
wilh IFE. The 1SE palterns were read by 4 readers (2
medical technologists, 2 medical dircelors) blinded o the
IFE mmvmunotype. The TFE immunotypes of the 48 samples
confaining monoeclonal proteins were identified as follows:
12 were IgG-x, 10 1gG-A, 10 [gM-k, 7 IgA-K, 3 [gA-A, 3
[rec ®, 2 free A, and 1 biclonal lgM-& and lgM-Kk. The
remaining 30 sumples were either normal, polyclonal, or had
a decreased amount of gammaglobuling.

With ISE, 2 readers correctly identified all 30 nepative
control samples as negative for a paraprotein BTable 28; the
other 2 readers, however, incorrectly identified a paraprotein
peak in 3% and 7%, respectively, of the negative control
samples. The most common immunotype given for these
negative control samples was [gG gammopathy (2 of 3).
Accuracy for correct immunotyping of the monecional
gammopathics with ISE by the 4 independent readers was
64% to 91% for 1g(G gammopathies, 30% to 40% for IgM
gammapathies, 90% to [00% for IgA gammoparhies, 40% to
80% for free light chain gammopathies; none of the reviewers
correctly identified the biclonal TaM-x and TeM-A. Overall,
the accuracy of the 4 readers in correctly identifying and
immunotyping monoclonal proteins was between 60% and
75%. In the majority of misscd ISE monoclonal samples, the
incorrect answer was given as & polyclonal or normal patlem.
Tn general, serum samples containing missed monoclonal
gammopathies had small quantities of 2 monoclonal protein
or the monoclonal spike was present in the background of a
polyclonal increase in mmnnoglabutins. Tn these cases, there
were subtle differences on the electropherogram after subtrac-
tion with the immunoglobulin or free light chain—specific
antibody-coated beads. Large monoclenal spikes, however,
were coctectly identified by all 4 readers with ISE.

An example of an ISE pattern ideatified correctly by all
4 readers is illusirated in EFigure 31. A large monoctonal
spike is demonstated in the 'y region (Ligure 3A), which at
1FE is identilied as an lgA-1< monoclonal gammopathy with

dimerization (Figure 3B}, Compare Figure 3C with Figure
3D and 3F, which shows subtraction of the monoclonal
protein with the [gA- and k-specific reugents, respeclively.

An exumple of an ISE patfern in which ali readers
inconrectly immunotyped the monoclonal protein is shown
m BFigure 48, which illustrates the difficulty in interpreting
an ISH pattern when relatively low amounts of the mono-
clonal prolein are contained in a background of a polyclonal
inerease in total immunoglebualing. Figure 4A shows a
monoclonal spike in the y region, which was identificd as an
IeM-x gammopathy at IFE (Figure 4B). All 4 readers incor-
rectly inferpreted the pattern as free x, [gG-x polyclonal,
and polyclonal. Only subtle differences are noled in the
sharpness and height of the peak in the y region in Figure
4C—4L and 4G, compared with the electropherogram
in Figure 4A.

Discussion

The CZE system, in comparison with AGL, demon-
strated increased seasitivity for small monoclonal gammo-
pathies, especially those of the IgA isotype. The agarosc gel
method vsed was not a high-resolution agarose gel, which
may have contributed to the discrepancy beiween the
systems. A similar study by Jenkins et al* compared CZE
and high-resolution AGE. These authors also demonstrated
TgA manoclonal prateins hiding in the B region, which were
later identified with CZE. Similar findings with TgA mono-
clonal gammopathies were described in a study by Henskins
et al.% In a study by Katzmann et al,'0 of 215 serum samples
in which a monocleonal protein was detected, 4 monocional
light chain and 3 IgA samples appeared normal with AGE
but abnormal with CZE. In addition, there were 5 mono-
clonal light chain and 3 monoclonal igA samples in which
no abnormality was delected with AGE or CZLL Jolliff and
Blessum® also described improved abilily (o detect IpA and
lgh monoclonal gammopalhics with CZE. As a note of

ETable 21
Monoclonal Gammopathies Detected With Immunosubtraction Electrophoresis
Reviewer

Detected With IFE Ne of Serum Samples 1 2 3 4

No monoclonal protein detecled 30 29 (9/%) 30 (100%) 30 {100%} 28 (93%)

Monoclonal protein datccted AR 35 (73%) 29 (60%} 31 {b1%) 36 (75%)
1gG 22 17 {17 %) 14 (64%:} 16 {73%) 20 (91%)
Igiv 10 4 {40%]) 4 {A0%) 3{30%) 4 (10%)
lyA 10 10 {100%) 9 {90%) 9 {90%] 10 (100%)
Free light chains 5 4 (80%) 2 {40%! 3{60%) 2 {40%:}
Biclonal lgM-i, [gM-A 1 0{0%) 0 {0%) 0{0%) 0 {0%)

1FE = immunolixalion eleclrophoresis.

"Percentnge includes only those with correct immunophenotype: x and A gammopathies arouped together.
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caution, IgA monoclongl proteins can also bide within the
transferrin or complement peak on CZE (see Figure 2).
Therefore, care must be taken in evaluating the possibility of
monaoclonal proteins hiding within these peaks in the B
region on CZE. Abnormal increases in either the lransfertin
or complement peak should be treated as suspicious for the
presence of a monoclonal protein and evalvaled with an
immunotyping procedure.

Another advantage ol CZE over AGL is the ahsence of
application point artifact, ohserved in previous studies.!” Appli-
caiion point artifact is nol seen with CZE because the sample is
injected inte the inlet of the capillary. Suspect tracings in the ¥

© American Society of Clinical Pathologists
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IFigure 3L Example of immunosubtraction electrophoresis pattern that was
correctly identified by all 4 readers. A, Capillary zone electrophoresis (CZE) tracing
shows & monaclonal protein in y region. B, Immunafixation electrophoresis ((FE)
A tracing dermonstrates IgA-k specificity of monaclonal protein. C, CZE of IgG

subtracted serurn. D, CZE of 1gA subtracted serum. E, CZE of igM subtracted
serum. F, CZE of ¥ subtracted serum. G, CZE of A subtracied serum.

region caunsed by hemotysis of the serum specimen were also
climinated with CZE. When plasma is analyzed with AGE, a
fibrinogen band is usually noted in the [} region. We did not
detect a fibrinogen band on plasma samples tested with CZE,
Similar obscrvations have been madc by others.”® A disadvan-
tage of CZE, howevey, is that it has not yet been adapted for
electrophoresis of nrine.

Capillary zone electrophoresis 18 an automaled system
[or serum protein electropheresis that allows processing of 42
samples in | hour. Once the C7E system is running, it does
not require intervention (“walk away” instrument). The AGE
system, however, requires a technician to be present for timed
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“J

SPE IgG

IgA gV K
BFigure 40 Example of immunesublraction electrophoresis pattern that was
incorrectly identified by all 4 readers. A, Capillary zone slectrophoresis {CZE)

N tracing shows a monaclonal protein in the v region. B, Immuncfixation

electrophoresis {IFE) tracing demanstrates lgh-x specificity of monoclonal

subtracted serum.

LA

steps such as electrophoresis completion and staining. Labor
determined from time measurements of a CZE instrument run
compared with AGE reflected a 49% saving in time.

When a monoclonal protein is suspecled on serum
protein electrophoresis, it must be characterized by immune-
typing lo confirm the diagnosis of monoclonal garnmopathy,
Because [FE is more labor intensive than AGE, it was hoped
that ISE with C7E would be a cost-effective alternative, We
found, however, that the ISE patterns were difficult to inte-
pret und fraught with uncertainty. Suspect peaks identified
on the routine CZE electropherogram could not be immuno-
typed with ISE with the same level of confidence as with
IFE. Conversely, normal-appearing CZE electropherograms

418  AmJ Clin Pathol 1899,112:4111-417

protein. C, CZE of 1gG subtracted serum. D, CZE of igA subtracted serum. E,
CZE of IgM suhbtracied serum. F, CZE of x subiracted serum. G, CZE of A

with abnormal appearing 1SE patterns occasionally confused
2 readers; this was reflected in false-positive identification of
a monoclonal protein in 3% and 7% of negalive conlrols.
Polyclonal patlems were often ntisinterpreted as [g(G mono-
clonal proteins, hecause immunoabsorption removed most of
the increasc in immunoglobulins. All readers scored particu-
larly poorly in ability to correctly immunotype monoclonal
proicins. kdentification of the Ighl isalype wus most inaccu-
rale, with only 30% to 40% correcily 1dentified. Complicated
paiterns such as biclonal IgM-k and 1gM-A were difficult to
interpret correctly; no reader was able to correctly identify
the ISE pattern. [ncorrectly interpreted ISE patterns Lended
to occur with small menoclonal proteins contained in the
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background of a polyclonal increase, where subtraction of
the monuclonal prolein was somclimes difficult to see.

In contrast to our study, Katzmann et al'® reported
comparable sensitivity with ISE and IFE. They examined 22
samiples i which there were discordant results in detection of
4 monoclonal protein, where IFE findings were negative but
AGE or CZE detected a monoclonal band. With ISE, 10 of
these samples were idenlified as containing a small mono-
clonal protein. Conversely, 22 samples were positive for
monoclonal gammapathy with 1FE and negative for a mono-
clonal spike with either AGL or C7E. Seven of these samples
were negalive with ISE,

Katanann et al'f did, howevey, reach some of the same
conclusions with ISD as in our study. They reported problems
with immunotyping light chain and biclonal gammopathies
with 1SE. They Jound that ISE missed 1 of the monoclonal
gammaopathies in 3 of & biclonal gammopathies. They also
believe that IFE may still be needed as a complementary
method for detection of free light chains, detection of a
second small monoclonal gammopathy in a sample with
biclonal gammopathy, and in hypogammagiobulinemia
samples with no M spike. They also [ound that a small mono-
clonal protein wilhin a polyclonal increase often required
multiple dilutions for interpretation with ISE,

It is possible that with expericnee a higher [evel of accu-
racy can be allained, allowing detection of small amounts of
monoclonal proteins with 1SE, once the reader becomes
accuslomed fo the abscnee of a suspeet monoclonal peak
after subtraction. Neverlheless, identilying the presence of a
monoclonal band on IFE gel is mmch casier than trying to
delect the absence of a peak with ISE, and will probably
remmain a much easier skill to master.

The overall accuracy of only 60% to 75% with ISE in
immunotyping monoclonal proteins in our study is unaccept-
able. Discrete and prominent monoclonal peaks, howuever, were
mterpieted without difficulty by all readers with ISE, There-
fore, an alternative use ol the ISE technique might be 1o
immunetype only discrete and prominent monoclonal proteins
that are rcadily identified on CZE. Any ISE pattern that docs
not appear to be definitive shauld then be lurther evaluated
with [FE. Capillary zone clectropherograms with suspicious,
small ahnormal bands would automatically be analyzed (or
monoctonal proteins with TFE. The cost-effectiveness of this
screening techniqne needs further evaluation. Clearly, C7ZE
offers significant advantages over AGE in sensitivily and labor
savings, In contrast, at least aL present, ISE cannot be recom-
mended for routine immunotyping of monoclonal proteins,
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