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For a long time determinations of immunoglobulins,
especially immunoglobulin G (IgG), in cerebrospi-

" nal fluid (CSF) have been considered important in the

diagnosis of inflammatory diseases within the central

-nervous system (CNS). These determinations are of
two Kkinds: qualitative methods detecting oligoclonal

bands, and quantitative methods. The CSF concentra-
tion shall always be compared with that of serum [1].

Qualitative methods

Isoelectric focusing (IEF) is the method of choice for

~ the detection of oligoclonal IgG. Best results are ob-

tained with agarose IEF using Pharmalytes followed

. by blotting and specific IgG staining. Promising meth-
. ods for oligoclonal IgA and IgM have reported, but
- these methods should be further evaluated. )

- IEF has a high diagnostic specificity (97-98%), and a
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good sensitivity for multiple sclerosis (93%). The pro-

* bability of positive test for aseptic meningitis is 19%,
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for other diseases affectirig the CNS 3.5%, and for dis-
eases not affecting the CNS 1.8%. None of the 23
patients with Guillain-Barré syndrome had oligoclonal
bands.

Quantitative methods

CSF concentrations of immunoglobulins and other
proteins are usually performed by immunochemical
techniques. Turbidimetry is most frequently used in
serum, and in CSF it can be used for proteins (e.g.
albumin) appearing in high concentrations. Nephelo-
metry is more sensitive and is the method of choice for
immunoglobulins in CSF. Latex enhancement (or
more sensitive methods e.g. ELISA) should be used
for IgA and IgM.

Formulae

‘The CSF protein concentration is the sum of intra-

thecally produced protein and material transsudated
from plasma. Therefore several formulae have been
developed [2] in-order to determine the former frac-
tion. All are based on the fact that albumin is never
synthesized intrathecally. The formulae can be divided
into three categories:

(a) those expressing intrathecal synthesis as an
amount of immunoglobulin produced per day or per
litre;

(b) dimensionless formulae based on a linear relation-
ship between the transsudation of albumin and other

- proteins; and

(c) unlinear formulae.

The latter category yields the best diagnostic perfor-
mance, i.e. (for IgG) a good specificity (97.5%) and
sensitivity (75-79%) for multiple sclerosis, combined
with low sensitivities for diseases without intrathecal
synthesis. For IgA and IgM similar improvements
have been found using unlinear formulae.

Although not as good as IEF the unlinear formulae
may be a low-cost alternative in the diagnosis of in-
flammatory diseases especially (due to an high predic-
tivity of negative test) for ruling out such diseases.
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S Ohmen: Intrathecal production of immunoglobulins
Comparison of formulae

An ideal formula should compensatec perfectly for
transsudated immunoglobulin for a broad range of
blood-CSF barricr function, from normal to the most
damaged. Two formulae can be compared with res-
pecet to different barrier functions by plotting a set of
curves assuming different albumin quotients, and indi-
cate the reference limits for each formula. If the two
formulae arc cquivalent with respect to the barrier
function, all curves shall coincide at the point of the
reference limits. If this is not the case, the parameters
of the formulae can be empirically adjusted until this
coincidence appears [3]. .

Serum/CSF-quotients are not
independent of the serum concentration
For the assessment of blood-CSF barrier function the

serum/CSF albumin quotient (Q(Alb)) is commonly
used. This quotient is suggested to be independent of
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the serum albumin concentration. By plotting Q(Alb) -
against serum albumin for patients not having any .
disease affecting the blood-CSF barrier, we found a
significantly negative correlation (unpublished re-:
sults). Furthermore, this was the fact also for IgA, IgG |
and IgM, i.e. all proteins of major interest in the CSF. ;
This fact may form the basis for further improvement :
of the formulae, but establishment of such formulae
needs more data from patients with extreme values of :
serum proteins. Until then the negative correlation .
should be kept in mind when using Q(AIb) as an indi-
cator of blood-CSF barrier damage.
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.." Neuer platzsparender 580-Liter-Ultratiefkiihi- Weitere Informationen:

schrank von Sanyo Laboragentur Ewald & Fischer GmbH
Miiller-Breslau-Strae 28

Sanyo hat jetzt dic Reihe seiner Ultratiefkiihlschrinke  D- 45130 Essen

.. um eine neue, besonders wenig Platz beanspruchende  Tel.: 0201/26 12 75

- * Ausfiihrung mit einem nutzbaren Volumen von 580 1 "Fax: 0201/25 00 79

* ergidnzt. Das mit Sanyo-eigenen Kompressoren im :

Kaskadenkiihlsystem besonders wirtschaftlich arbei-
tende Geriit erreicht Temperaturen bis —86 °C und ist
selbstverstandlich FCKW-frei.

Mikroprozessorsteuerung, Sensortasten, LED-An-
zeige. extrem leise und zuverlédssige Kompressoren, ei-
ne wiederaufladbare Batterie fiir das Alarmsystem,
zwei gut isolierte Innentiiren. Luftfilter und Laufrol-
len sowie eine qualitativ au8erordentlich hochwertige
Verarbeitung sind herausragende Merkmale des neu-
en Ultratiefkiihlschrankes. Netzausfallalarm und au-
tomatischer Temperaturalarm bei Temperaturabwei-
chungen von mehr als 10 °C von der Einstelltempera- MOF U6086S
tur gewihrleisten zusédtzliche Betriebssicherheit; die
AnschluBmaéglichkeit fiir eine Alarmfernauslosung ist
ebenfalls vorhanden.

AuflenmafBe: 990 mm breit, 875 mm tief, 2015 mm
hoch. Im Innenraum mit seinem nutzbaren Volumen
von 580 Liter ist Platz fiir beispielsweise 440 Stiick
2"-Boxen oder 280 Stiick 3”-Boxen.
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Neu in der DNA Sequenzierung:
Mehr Information bei kiirzerer Trennzeit

penomys bR (dong read). der neuc leistungsfihige
DNA Scquencer. ist seit Januar "96 dber Beckman in
F-uropa erhiiltlich. genomyxLR st der erste vollinte-
ericrie, hadhautomatische DNA-Sequencer. der mit
optimicrtem Reagenzien- und Zubcehor-Kit geliefert
wird.

Dic beim Sequenzieren anfallenden Kosien hiingen
von der Anzahl Basen ab, die in cinem Lauf sicher zu-
ecordnet werden konnen. Je groBer die Zahl der gele-
senen Fragmente ist, desto weniger DNA-Bruch-
stiicke miissen analysiert und zusammengefiigt wer-
den. genomyxLLR bictet unter Routinebedingungen
900 und mehr Basen (dsDNA) zur Auswertung an.
\erglichen mit konventionellen manuellen Systemen
entspricht dies ciner Leistungssteigerung von ca. 80%,
bei automatischen Systemen ist mit einer Verbesse-
rung der Lesclinge um 50% zu rechnen. Kurze DNA-
Bruchstiicke werden, verglichen mit manuellen Syste-
men. mit halbem Zeitaufwand sequenziert.

Neu - Fluoreszenzdetektor M122

Neu in der GILSON-Produktpalette ist der M122, ein
programmicrbarer Fluoreszenzdetektor. Dieser eignet
sich insbesondere fiir die Spurenanalytik.

Der M122 kann im Wellenldngenbereich von 2260)-
650 nm (optional 900 nm) sowoh! auf der Exitations-
als auch auf der Emissionsseite frei programmiert wer-
den. Erist dazu mit einem Dual-Monaochromator aus-
gestattet, der auBlerdem ein Maximum an Empfind-
lichkeit erméglicht.

Der ..on the fly=-Scan erlaubt es. wihrend des Lau-
fens einen Scan uber einen definierten Wellenliangen-
bereich durchzufithren. um bei Mehrkomponentenmi-
schungen die optimalen Wellenlingen fiir jede Kom-
ponente zu ermitteln. Fiir die Routine kann dann ¢in
Zeitprogramm mit Wellenldngenschaltung genutzt
werden.

Bei Riickfragen wenden Sie
Lutz Stabenow, Tel.: 02173/89 05 70.

sich bitte an:

Ein neuartiges Temperiersystem (Luftdiisen) hilt
dic Temperatur beidseitig des 61x33 ecm groBen Geles
konstant.

Madilizierte HR-1000 Gele. die gegeniiber konven-
tionellen Formulicrungen eine hohe Linearitdt iiber
cinem schr breiten Bereich von FragmentgréBen auf-
weisen und bei erhohter Temperatur nicht an Trenn-
leistung verlieren.

Flexibel durch Entkopplung von Spannung und
Temperatur: Der programmierbare Temperaturbe-
reich von 5 °~ 65 °C erlaubt die optimale Einstellung
fur 2 Stunden Liufe bis zu langen 12 Stunden Tren-
nungen.

Die Maoglichkeit, 24 Templates unter temperatur-
kontrollierten Bedingungen mit hochster Auflésung
und Zuordnungsgenauigkeit zu fahren machen das ge-
:mmnyR zum idealen Werkzeug des Molekularbio-
ogen.
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Atmen -
Atemhilfen

Atemphysiologie und Beatmungstechnik
3., unverdnderte Auflage

1996. XVI, 256 Seiten. 86 Farbabbildungen, 1 s/w-Abbildung,
10 Tabellen. 12,5 x 19 cm. Broschiert.

DM 68,-/6S 503,—/sFr 68,— ISBN 3-89412-313-3

Die maschinelle-Beatmung als wesentlicher Bestandteil der
Narkosetechnik und Intensivtherapie befindet sich in raschem
Wandel. Das erfordert eine schnelle Orientierung tiber den
aktuellen, praxisbezogenen Wissensstand. Dieses Kurzlehr-
buch der Atemphysiologie und Beatmungstechnik ist daher
aus der taglichen Praxis heraus flr die praktische Anwendung
geschrieben. Dem umfassenden methodischen Teil ist ein the-
menorientierter Abri3 der physiologischen Grundiagen voran-
gestellt, wobei die Darstellungen didaktisch strukturiert sind
und mit konkreten Therapievorschldgen komplettiert wurden.
Die zahlreichen Farbabbildungen und Merkkésten erhéhen die
Ubersichtlichkeit.
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'Intrathekale Immunglobulinsynthese: Vergleich zweier
s lFormeIn mit der isoelektrischen Fokussierung (IEF)*

! Focusing*

<| Schlusselwérter: Blut-Hirn-Schranke; IgG, IgA.

IgM/Liquor cerebrospinalis; Isoelektrische Fokussie-
rung: Liquorproteine/Analytik; Sensitivitiit und Spezi-
I fltat ZNS-Erkrankungen/Liquor cerebrospinalis.

; w' Keywords: Blood-Brain Barrier; Central Nervous Sy-

. istem Diseases/cerebrospinal fluid; Cerebrospinal

"*-"Fluld Proteins/analysis; IgA, IgG, IgM/cerebrospinal
! fluid: Isoelectric Focusing; Sensmvny and Specificity.

| Ier Nachweis einer intrathekalen Synthese von Im-
! munglobulinen gilt als wichtiges diagnostisches
Kriterium fiir einen entziindlichen Proze$ im zentra-
len Nervensystem. Die Differenzierung verschiedener
Immunglobulinklassen kann dabei bereits erste diffe-
; rentialdiagnostische Hinweise fiir die Art der Entziin-
dung liefern. Eine lokale Immunglobulinsynthese 146t
i sich qualitativ durch den Nachweis oligoklonaler Ban-
lden (OB)4 und quantitativ durch verschiedene For-
" meln erfassen.
'i In einer kiirzlich publizierten Studie [1] wurde fiir
. die Immunglobulinklasse G sowie in einer jetzt ergin-
: zend durchgefiihrten Untersuchung fiir die Immunglo-
_ " bulinklassen M und A separat gepriift, wie gut die drei
—am hiufigsten eingesetzten Bestimmungsmethoden
' (Indexberechnung, Reiberformel [2], OB) miteinan-
" der korrelieren und in welchen Fillen auf die isoelek-
trische Fokussierung (IEF) zum Nachweis der OB ver-
zichtet werden kann. Bei den quantitativen Verfahren
galten folgende Parameter als pathologisch: Synthese-
i rate nach der Reiberformel [2]: = 1%; Indexwerte:
s 1gG = 0,65, IgM = 0,23, IgA = 0,5. OB wurden mittels

d; e g
=

s
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D-79106 Freiburg. Fax: +49-761-2705408 -

‘Presented at the European CSF-Symposium on Recent Progress
in Cerebrospinal Fluid (CSF) and Protein Diagnosis in the Labora-
tory Diagnosis of Diseases of the Human Nervous System, Topic
11, Marburg an der Lahn, September 29 and 30, 1995

Nicht standardisierte Abkiirzungen: IEF, isoelektrische Fokusie-
rung; OB, oligoklonal Banden.

©1996 Blackwell Wissenschafts-Verlag, Berlin

J Lab Med 1996; 20 (6) : 357-358

§ Intrathecal Synthesis of Immunoglobullns: Comparison of two Formulae with Isoelectric

IEF und Affinitdtsblot bestimmt [3]. Die Untersu-
chungen fiir die Immunglobulinklasse G wurde an 820
Patienten, diejenige fiir die Immunglobulinklassen M
und A an einem separaten Kollektiv mit 300 Patienten
durchgefiihrt.

Oligoklonale IgG-Banden (IgG-OB) nur im Liquor
waren bei 395/820 Patienten nachweisbar. Bei 270/395
Patienten (68%) ergaben auch die Berechnungen
nach der Reiber-Formel [2] ein positives Ergebnis, bei
287 Patienten (73%) war der IgG-Index iiber 0.65 er-
hoht. Wiahrend bei Patienten ohne OB die Berech-
nung nach der Reiber-Formel [2] nur in 2% ein positi-
ves Ergebnis lieferte, war der IgG-Index bei 41/425
Patienten (10%) falsch positiv erhht. Die meisten der
erhohten Indexwerte fanden sich bei Patienten mit
deutlicher Stérung der Blut-Liquor-Schrankenfunkti-
on (Albuminquotient > 20 x 10-3): Wihrend die erhoh-
ten Indexwerte bei intakter Schrankenfunktion (Albu-
minquotient < 7,5 x 10-3) noch gut mit dem Nachweis
von OB korrelierten (r = 0,70), war eine solche Korre-
lation bei Patienten mit deatlicher Blut-Liquor-
Schrankenstérung nicht mehr nachweisbar (r = 0.25).
Die quantitativen Berechnungen nach der Reiber-
Formel [2] korrelierten demgegeniiber auch bei deut-
licher Stérung der Blut-Liquor-Schranke wesentlich
besser mit dem Nachweis von OB (Intakte Schranke:
r = 0,69; deutliche Storung der Schranke: r = 0.54).

Bei keinem Patienten mit einem IgG-Index < 0,45,
jedoch bei allen Patienten mit einem Index > 0,8 wa-
ren OB im Liquor nachweisbar. Die Berechnung der
IgG-Synthese nach der Reiber-Formel [2] war dage-
gen nicht als Entscheidungshilfe fiir die zusitzliche
Bestimmung der Banden geeignet: Bei 126 Patienten
mit einer Syntheserate < 0 % waren OB im Liquor
nachweisbar.

Ahnlich wie bei der intrathekalen IgG-Synthese
lieB sich auch bei den Berechnungen einer IgM- und
IgA-Synthese eine deutliche Abhéingigkeit der Korre-
lation der Bestimmungsmethoden vom Ausmal der
Blut-Liquor-Schrankenstérung nachweisen. Im Un-
terschied zur IgG-Synthese fand sich bei den Berech-
nungen der IgA- und deutlicher noch der IgM-Synthe-
se (nach der Reiber-Formel [2]) ein deutlich hoherer
Anteil von Patienten mit einer positiven Syntheserate
(durchschnittlich 40%) ohne gleichzeitigen Nachweis
von oligoklonalen IgA- bzw. IgM-Banden im Liquor
(I1gA: 7%, 1gM: 18%). Mehr als 90% dieser Patienten
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R. Kaiser: Intrathekale Immunoglobulinsynthese

warcn an einer akuten viralen Meningoencephalitis .

erkrankt. Nur 2/20 Patienten zeigten bei einer
Nachuntersuchung zwei Wochen spéter schwache oli-
goklonale IgM-Banden im Liquor. IgA- (IgM-) spezi-
fische OB fanden sich bei keinem Patienten mit einem
1gA- (1gM-) Index < 0,3 (< 0,1), jedoch bei allen Pati-
enten mit einem Index >1,0 (> 1,2).

Fazit: Der Immunglobulin-Index eignet sich wegen
seiner starken Abhingigkeit vom Zustand der Blut-
Liquor-Schranke meist nicht als alleiniges, Kriterium
zur Beurteilung einer intrathekalen Immunglobulin-
synthese. Der 1gG-Index liefert jedoch eine gute In-
formation iiber die Notwendigkeit einer zusitzlichen
Bestimmung oligoklonaler Banden. Fiir die intrathe-

kale IgM/IgA-Synthese existiert noch kein Goldstan- -

dard. Die Berechnung nach der Reiber-Formel [2] ist
der Indexberechnung und der Bestimmung Immun-

358 J Lab Med 1996; 20 (6) : 357-358

globulinklassen-spezifischer oligoklonaler Banden

(hoher Aufwand, technische Probleme) derzeit vorzu- -

ziehen.
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: Cerebrospinal fluid (CSF) abnormalities in IgG are
: important findings in multiple sclerosis (MS).
" Both an increased IgG index and IgG oligoclonality
shown by isoelectric focusing (IEF) are characteristic
findings in MS diagnostics. Increased concentrations
of free light chains have also been found in CSF of MS
patients [1, 2). Rudick et al. [3] suggest that free « light
chains in CSF are the single best quantitative assay to
support a clinical diagnosis of MS. We investigated the
" appearance of oligoclonal free x chains and the con-
 centrations of free x chains in CSF of MS patients and
compared these results with IgG findings in order to
establish the sensitivity of both methods in MS
diagnostics. .

IgG and free x chain concentrations in
CSF and serum

In table 1 the measured values of IgG and free x chain
. concentrations in 37 control patients and in 23 definite
: MS patients are. presented. The serum free x concen-
, trations were comparable in both patient groups. The

' 1 Laboratory of Pediatrics and Neurology, University Hospital Nij-
+ megen, The Netherlands

i 2 Correspondence to: Dr. K. J. B. Lamers, Unlversnty Hospital Nij-
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3 Central Clinical Chemical Laboratory, University Hospital Nijme-
gen, The Netherlands
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CSF concentrations and the indices, however, were
much higher in MS patients as compared to the con-
trols. From the control group we calculated a value of
2.3 as the upper 2 SD limit for the free x index.

Detection limit for establishing a positive
free x immunoblot

The immunoblot results of CSF specimens from 5 MS
patients were compared. For each MS patient (a) 10 pl
CSF, (b) 600 ng CSF IgG and (c) 3 ng CSF free k chain
were applied upon an agarose gel. The results of free
chain blots for 600 ng IgG (b) are presented in figure
1. For free x chain immunoblot investigation it was de-
cided always to apply 10 pl CSF. This CSF volume still
gives a good separation of the proteins. CSF speci-

PH

CSF frec kappa blots (5 MS): 600 ng IeG

Figure 1 CSF oligoclonal free x chain patterns from 5 Multiple
Sclerosis (MS) patients. |EF of IgG was performed with native CSF
and diluted serum according to Keir et al. (5). IEF of free x chains
has been described [4).
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K. J. B. Lamers et al.: Free kappa light chains in CSF

Table 1 Median values and ranges of IgG and free kappa in CSF and serum of controls and Multiple Sclerosis (MS)
patients
Quantity Unit Controls (N = 37) MS (N =23)
median (range) median (range)
CSF IgG mg/L 21 (9.0-51) 40 (16-74)
CSF free x ug/L 25 (5.8-85) 277 (51-994)
Serum IgG gL 11 (6.0-21) 10 (7.1-15)
Serum free x mg/L 4.2 (2.7-9.5) 4.8 (2.2-8.3) i
Index IgG 0.46 (0.42-0.58) 0.77 (0.47-1.8)
Index free 1.1 (0.5-2.9) 19 (2.2-80)

mens with a free k chain concentration below 150 pg/l
mostly gave negative results. The CSF oligoclonal free
Kk chain patterns from 5 MS patients were completely
different from the concomitant CSF oligoclonal IgG
patterns. In addition each MS patient had his own x
pattern although some bands were common (see fig.
1). All CSF and serum (1:100 diluted) specimens from
the control patients showed negative free x chain
blots. ’

Comparison of CSF IgG and CSF free «
chains abnormalities in MS patients

In 66 definite MS patients the appearance of CSF re-
stricted oligoclonal IgG and free x chain bands as well
as their quantitative concentrations were studied. Oli-
goclonal IgG bands and increased free k chain indices
were frequently found in CSF of MS patients (98%
and 95%. respectively), whereas oligoclonal free x
chain bands and increased IgG indices were less fre-
quently found (85% and 79%, respectively). The only
MS patient with a negative IgG immunoblot had a
positive free k chain blot and an increased free x in-
dex. Nine out of ten MS patients with a negative free x
immunoblot had a CSF free k concentration below 150
ug/l, the detection limit for a positive immunoblot.
This study demonstrates that our technique for de-
tecting CSF oligoclonal free k chains by immunoblot is
sensitive with a detection limit of about 1.5 ng free k
chain. 10 pl native CSF is appropriate for a routine
free x immunoblot investigation. CSF specimens and
sera (1:100 diluted) show negative free x blots in all
control patients. This phenomenon is conceivable, as
normal CSF and (1:100 diluted) sera generally have

360 J Lab Med 1996; 20 (6) : 359-360

free x chain concentrations below the detection limit. -
Oligoclonal free x in CSF has been demonstrated in -
85% of MS patients. Almost all negative MS blots cor- -
respond to CSF free k concentrations below the detec- -
tion limit for the immunoblot. CSF free x concen- -
trations in control patients are comparable with those -
found in other studies e.g. 66 pg/l [1] and 50 pg/l [2].
Our upper CSF reference value is 70 pg/l [4]. Free x
chain concentrations and indices in CSF of MS pati-
ents are strongly elevated. Free k index in our study is
increased in 95% of MS patients. The sensitivity of the
free k index test for MS is comparable with the “gold -
standard” test of IgG oligoclonality and this test can
be used as a complementary or alternative test for MS
diagnostics.
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Two different methods are available to detect an
intrathecal immunoglobulin (Ig) synthesis which
indicates subacute or chronic states of inflammatory
diseases of the central nervous system: (a) quantifying
an intrathecal Ig production by its calculation with for-
mulae; (b) qualitative detection of oligoclonal bands
"~ (OB) by isoelectric focusing (IEF) of CSF. In compa-
-:_" rison to different formulae, IEF analysis of OB proved
to be more sensitive and accurate [1]. OB detection by
conventional IEF in polyacrylamide (PAG) macro-
gels, however, utilizing unconcentrated CSF, is time-
consuming and difficult to perform.
. The application of IEF on the semi-automated
-7 PhastSystem™ in ready-made PAG microgels with an
- - automated silver staining in 1986 was promising; but it
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needed 1 pl of native CSF containing > 50 mg/l IgG
[2]; thus most CSF samples have to be concentrated
for IEF analysis. We improved sensitivity of the Phast-
System IEF in 1987 in order to analyse native uncon-
centrated CSF utilizing a silicon sample applicator [3].
The resolution of ready-made PhastGels was increas-
ed by expanding the pH gradient to an Ig relevant ran-
ge (pH 3-10) [3, 4]. The quality of band pattern was
further improved by use of a self-made sample appli-
cator [5, 6]. Specificity and sensitivity of OB detection
was increased by immunofixation of v, x, and A chains
[5, 6]. Because of quality changes of PhastGel™ we
use self-made PAG microgels (43 x 50 x 0.4 mm) since
1992 [7] and the technique described earlier [6] with-
out further modifications.

External quality assessments assign a good perfor-
mance to our IEF in the modified PhastSystem with
immunofixation. Not all procedures described for
PhastSystem™ have so far yielded correct results in
external quality assessments [8] for three main reasons:
(a) Volume of sample applied: Application of 1 pl of
native CSF [2] does not allow detection of OB by sil-
ver staining in cases with IgG contents within the nor-
mal range even after immunfixation as performed by
Fredman [9]. The Pharmacia sample applicator 6/4
does not sufficiently increase sensitivity.

(b) Type of samples applied: Different IgG contents in
CSF and serum samples (caused by the concentration
step) lead to false-negative or false-positive results.
False results may also arise with sample pairs classified
in IgG ranges as used by Achermann [10]. Matrix dif-
ferences of concentrated CSF samples and diluted se-
rum samples [11, 12] may cause irregularities of the

" pH-gradient. Similar irregularities are observed with

non-concentrated CSF samples {13, 14]. This may be
caused by dilution of samples with phospate buffer.

'(c) The limited pH range of ready-made PhastGel™

3-9 used by Wick, Wybo and Fredman [11, 12, 9] yields
only poor resolution of band pattern. The application
of CleanGel IEF (Pharmacia-LKB) did not improve
IEF in ready-made gels [7]. ’
According to the criteria I to V [15] methodical
comparisons were made between our IEF technique in
the modified PhastSystem™ described above and

other IEF techniques in conventional PAG macrogels
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with silver staining [16] or immunoaffinity mediated
capillary blot IEF technique in agarose macrogels [17],
both yiclding concordant results.

Our technique described above is casy and quick to
perform and represents an optimum routine method
for the specific and sensitive detection of OB in small
amounts (4 pl) of native human CSF containing 2 8
mg/l 1gG. Immunofixation gives a definite positive re-
sult even in cases with one Ig-specific band restricted
to CSF instead of 2 to 3 CSF restricted bands with un-
specific silver staining [18] as criterion of a positive re-
sult. Moreover this technique allows the detection of
immunoglobulins of k and A types in CSF routine dia-
gnosis (Fig. 1): Compared to the exclusive detection of
¥ chain OB more (rec and bound light chain OB can

perimposition of IgGs of x and A types; (b) additional ;

detection of free light chains. Therefore the new
screening procedure leads to an increased analytical
sensitivity in the detection of an intrathecal immuno-
globulin synthesis. Differcntiation of the CSF restric-
ted immunoglobulins can be done by immunofixation
with antibodies against Ig heavy chains. Several
hundred CSF/serum pairs are now evaluated to sup-
port these findings.
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Figure 1 Comparison of different precipitation techniques after IEF.of cerebrospinal fluid proteins using PhastSystem™ and self-made
polyacrylamide gels (pH 3-10; T = 5%; C = 3%; 50 x 43 x 0,4 mm). . v

CSF and serum samples [S] from a patient suffering from multiple sclerosis were applicated near to the anode using a special sample
applicator (10 slots with 4 pi each). Resolution of bands was increased by expanding the pH gradient in the alkaline region of gels as de-
scribed [3,4]. Immediately after the run bands were unspecificly precipitated by trichloroacetic acid (TCA) or specificly with antibodies as
indicated. After removing of unprecipitated material by washing the gel with saline protein, bands were visualized by automated silver
staining using PhastSystem™ as described [6].

Non-specific precipitation (Fig. 1a) does not allow examination of OB in the pH range 5.5-7.0 (marked by bracket) because immuno-
globulins are overlapped by other proteins (e.g. transferrin marked by (%)). T-trace-protein is marked by (%). Precipitation with different
antibodies allows the specific detection of free kappa chain OB (0) and bound kappa chain OB (@), free lambda chain OB () and bound
lambda chain OB (»); some other OB are marked by (). Free kappa chain OB and free lambda chain OB are identified in Fig. 1e,f. Im-
munofixation with antibodies against free and bound light chains (Fig. 1c,d) yielded still more specific OB compared to the results ob-
tained by immunofixation of r-chains (Fig. 1b). The difference is caused by two main reasons: (a) the additional detection of free light
chain OB (compare Fig. 1f with 1d and Fig. 1e with 1c); (b) superimposition of IgG kappa and lambda types (Fig. 1b) is avoided by
separate detection of kappa and lambda chains (compare Fig. 1b,c,d where corresponding bands are marked; bands which cannot be
classified due to overlapping of bands are marked as (-). C

362 J Lab Med 1996; 20 (6) : 361-363
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he presence of oligoclonal IgG bands (IgG OBs) in

CSF, absent in blood serum, is the hallmark of an
intrathecal humoral immune response. The detection
of IgG OBs requires:
—a high electrophoretic resolution of all IgG bands
that can be obtained only by IEF with high voltage in
gels with an optimized mixture of ampholytes;
— a high sensitivity which permits the use of unconcen-
trated CSF;
— the direct comparison of parallel bands of equal IgG
quantities in CSF and serum samples at two neigh-
bouring lanes of the gel;
—an immune-specific detection of IgGs OB by IgG-
specific antibody staining amplified e.g. by enzymatic
colour reactions after immunoblotting [1, 2] or silver
staining after immunofixation [3, 4].

Two IEF techniques may fulfil these requirements:

the immunoaffinity-mediated capillary blot IEF tech-
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nique A in agarose macro gels (240 x 110 x 1 mm) with
10 ul sample containing 50 ng IgG [1, 2] and the auto-
mated IEF technique B with modified PhastSystem™

and immunofixation in self-made polyacrylamide .

(PAG) micro gels (43 x 50 x 0.4 mm) with 4 ul sample
containing 32 ng IgG [3, 4]. Therefore, a comparison
between both techniques was made on 100 paired CSF
and sera samples, 50 blinded for results obtained with
technique A and respectively B, respectively, and for
clinical diagnosis. The results were classified in five ty-
pes as recommended by the consensus report from the
European Committee on ‘CSF standards in MS® [S]:

Type 1 (normal pattern) is characterized by a dif-
fuse background in both CSF and serum with an iden-
tical band pattern in all sample tracks (Fig. 1, type 1).

Type 2 (local IgG synthesis) reveals IgG OBs (at
least one) restricted to the CSF and absent in the cor-
responding serum (Fig. 1, type 2).

Type 3 (mixed type) shows the simultaneous pre-
sence of bands of types 2 and 4 (Fig. 1, type 3).

Type 4 (mirror pattern) is characterized by the pre-
sence of identical IgG bands located at the same iso-
electric points, similarly immunostained in both CSF
and serum and standing out against the polyclonal
background of the gel (Fig. 1, type 4). It indicates a
systemic immune activation without intrathecal IgG
synthesis.

Type S (paraprotein pattern) is a particular case of
“mirror pattern”: several IgG bands are regularly
spaced within a short range of the pH gradient in
both CSF and serum.

With both techniques A and B, concordant results
were obtained in 93 out of 100 paired samples: 50 pair-
ed samples were negative for CSF restricted IgG OBs
and thus pertained to types 1, 4 or 5; 43 were positive
for an intrathecal synthesis of IgG bands with types 2
and 3. Two samples were positive by technique A and
negative by technique B which detected types 1 and 4;
the inverse was observed in 5 samples where types 1, 4
and 5 were detected by technique A and mainly types
2 by technique B, besides one positive CSF together
with a paraprotein pattern. Out of 23 multiple sclero-
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Figure 1 Comparison between IEF with immunoaffinity-mediated capillary blot technique A in agarose macro gels and peroxidase 4-
chioro-1-naphthol staining (lanes A) and the modified PhastSystem™ with immunofixation and silver staining in PAG micro gels (techni-
que B; lanes B) of four paired CSF and serum samples. Oligoclonal IgG bands were indicated by () , mirror bands by (O) . Results are ex-
pressed in types 1-4 according to [5]. 10 pl, resp. 4 pl native CSF sample or serum, both diluted to 5 pg/l, resp. 8 pg/l IgG, were applied

onto the gel. For technical details see (1,2) or (3,4), respectively.

sis patients, 22 were positive with both techniques;
type 4 and type 2 was detected in each one patient.
The differences in pattern detection found with both
techniques may be explained by a higher sensitivity of
band detection and resolution of bands with technique
B which therefore requires an intensive visual inspec-
tion.

In 45 cases with a positive 1gG index of > 0.7, 36
(80%) displayed CSF restricted IgG bands, and 8 were
negative with both techniques. In 38 cases with a nor-
mal IgG index of < 0.6 only 28 were detected as nega-
tive by both techniques A and B. Our few data con-
firm IEF as the “gold standard” [6]. There exists, how-
ever, no reference method for the detection of an in-
trathecal IgG production to which our data could be
related. . :

The detection of the mirror pattern resulting from
the passive transudation of IgG OBs from blood to
CSF through a normal or an impaired blood-CSF bar-
rier. was somewhat subjective, especially discrimina-

ting the types 1 and 4 or types 2 and 3. But differences -

were not clinically relevant with respect to evaluation
of an intrathecal IgG production.

In summary, the overall concordance of the results
obtained with the immunoaffinity-mediated capillary
blot IEF technique A on one hand, the 1EF with modi-
fied PhastSystem™ and immunofixation (technique
B) on the other, indicates their similar suitability for
detection of CSF oligoclonal IgG bands. Thus the
automated technique B coming off badly in a recent
external quality report [7] proves to be reliable. How-
ever, the selection of one of both techniques does not
warrant the reliability of IEF analysis for IgG OBs
without experience.
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Die Pneumologie ist ein Fachgebiet der Medizin, das auf-
grund steigender Haufigkeit broncho-pulmonaler Erkran-
kungen stetig an gesundheitspolitischer Bedeutung ge-
winnt. Im Verhaltnis dazu ist die Wissensvermittlung auf
diesem Gebiet in der medizinisch-wissenschaftlichen Aus-
bildung jedoch nach wie vor unterreprasentiert.

Das Buch wendet sich an Allgemeinarzte, Internisten und
pneumologische Facharzte. Es ist als praxisnahes Arbeits-
mittel konzipiert und soll damit der zunehmenden Be-
deutung und Haufigkeit des Asthma bronchiale Rech-
nung tragen. Herausgeber und Autoren, Arzte mit lang-
jahriger Erfahrung auf dem Gebiet der Pneumologie, ver-
mitteln auf dem Weg eines kurzen und aktuellen Uber-
blicks tber die Pathophysiologie des Krankheitsbildes
dem praktisch tatigen Kollegen Grundlagen diagnosti-
scher und therapeutischer Strategien bei Asthma bron-
chiale. . -
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