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Statens bakteriologiska laboratorium, Stockholm, Sweden

Cellular Reaction in Antibody Formation

By AsTriD FAGRAEUS

During the last two decades, the study of antibody formation, that is to say
of the mechanism and site of antibody synthesis, has resulted in a very extensive
literature, which I can now discuss only in part. Cytologists, immunologists and
chemists have tackled the problem from different aspects, but it is to be regretted
that there has not been more cooperation between the specialists. The impression
is often conveyed that the approach has thus been too narrow.

In studies on the organs and cells responsible for antibody production, one or more of the
following methods have been used:

1. Extraction of organs or cell suspensions.

2. Culture in vitro of ergan fragments or cell suspensions.

3. Transfer of fragments or cells, lately in particular to irradiated or cortisone-treated
ammals.

4. Histochemical staining as suggested by Coons. This is no doubt the most specific and
elegant method. It consists of carrying out a two stage immunological reaction on frozen sec-
tions of tissues: a) allowing reaction between antibody in the tissue and dilute antigen applied
. in vitro, and b) the detection of those areas where this antigen has been specifically absorbed
by means of a precipitin reaction carried out with fluorescein-labelled antibody. Examination
under the fluorescence microscope reveals the yellow-green fluorescence of fluorescein over
those areas where a precipitate has formed 1.

5. Absorption studies using the ultraviolet wave-length (2500-2800 A).

Numerous investigations have shown that it depends on the mode of adminis-
tration and on the form in which antigen is administered which organ will produce
antibodies. The site of antibody production is closly associated with the site of anti-
gen uptake. It has been shown by one or more of the methods just mentioned that
antibodies may be produced in the spleen, the lymph nodes and the bone marrow,
and also in the subcutaneous or intracutaneous nodules, especially if the antigen is
injected in an adjuvant®. In addition, the results obtained by transfer of cells to
recipient animals seem to indicate that after subcutaneous or intraperitoneal injec-

I Acta haemat.. Vol. 20, No. 1-4 (1958)
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tion thymus cells (3 and own experiments) are capable of producing small amounts
of antibody. The liver, so rich in phagocytizing reticulo-endothelial cells, seems to
take very little part, if any, in antibody formation.

Before discussing the question of which cells produce antibodies we must make
clear the import of the term ‘“‘antibody formation process’’. The latter results in
the synthesis and occurence of specified gamma-globulin. This is, however, the
last stage in a series of processes, beginning with the phagocythosis of administered
. antigen. The first phase, the antigenic or assimilating phase, also includes the
breakdown of the antigen. This phase is sensitive to X-ray and cortisone (it has
been shown by many investigators that such treatment has a depressing effect only
when given before the administration of antigen). Once antibody synthesis has
commenced, the same doses of X-ray and cortisone do not influence the process.
This observation may be regarded as evidence in favour of the view that two differ-
ent cellular systems are involved in antibody formation.

As regards antibody globulin synthesis, various cells have been credited with
a role in this process. After two decades of experimentation, interest has been
focussed on three different kinds of cell: the macrophages, the lymphocytes and
the plasma cells, the last-mentioned two types being mostly studied.

In the investigations on macrophages the hypothesis has been readopted that
the same cells that resorb the antigen also produce antibodies against it. In Roberts’
experiments? an amount of killed typhoid bacteria comparable to a full immuniz-
ing dose was phagocytized in vitro. Nonetheless these cells were unable to produce
antibodies in vitro or if transferred to the same or a homologous animal. Intraperi-
toneal injection of antigen into an animal in which a macrophage exudate had
been produced did not yield any extractable antibodies in the macrophages. On
the basis of these and other experiments, Roberts called his paper “The failure of
macrophages to produce antibodies”. The same conclusion was drawn by Coons
et al.l. Hartley® suggested that the predominating cells in subcutaneous aluminium
phosphate nodules, the macrophages, were the source of the antibodies which he
was able to extract from this tissue, but Coons et al.! did not detect any antibodies
in the macrophages surrounding the nodule which develops at the site of injection
of antigen when precipitated with aluminium phosphate or incorporated in Freund’s
adjuvant®. They observed nothing, either, to prove that antibodies are produced
by the epitheloid cells known to appear around the nodules if acid fast bacteria are
added to the Freund adjuvant. The antibody formation capacity observed by Askonas
and Humphrey” in slices of such granulomata, may be ascribed to the immature
plasma cells present in these foci (¥ and own observations).

There is thus little evidence for the participation of the macrophages in the
synthesis of antibody globulin. Their role is to phagocytize the antigen and proba-
bly also to break it down, a process that may be sensitive to the influence of corti-
sone. It has been shown that after cortisone treatment particulate antigen remains
undissolved in the macrophages for a long time.

As to the relation of the lymphocytes to antibody formation, this has been
especially studied by the Harris group in Philadelphia and by Dixon et al. Ehrich
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and Harris? were able to extract more antibodies from the lymphocytes derived
from an antibody-producing lymph node than from the lymph fluid. These results
were not, however confirmed by Habel et al.’®. Harris and Harris'' succeeded in
provoking antibody formation in normal recipients of lymph node cell suspensions.
Wesslén'2, like Chase'3, was able to transfer tuberculin hypersensitivity using lymph
cell suspension. He employed, however, a purer cell suspension than other workers
namely the lymph cells from the thoracic duct. These cells also produced antibo-
dies in vitro, although the amount was rather small in comparison with the yield
obtainable with other cell suspensions. In a histochemical study of the lymph node
regional to the site where antigen was injected, Harris and Harris1* observed intense
and diffuse hyperplasia of the cortex and transition of the reticulum cells to young
lymphocytes and finally to more mature lymphocytes. Parallel to this development
a pyroninophilic substance occurred in increasing amounts, indicating an increase
of ribonucleic acid in the cells. Ringertz and Adamsson®* observed the same lympho-
cytic, as well as a pronounced plasmocytic, reaction in the lymph node after antigen
stimulation and suggested that the large number of immature lymphocytes occur-
ring under the influence of antigen are converted into antibody producing plasma
cells instead of developing into mature lymphocytes. Coons et al.}® studied the
primary and secondary responses in the lymph node under the same conditions,
broadly speaking, as Harris and Harris. After antigen injection antibody could
first be demonstrated in the cytoplasm of large immature cells in the medullary
area in the lymph node. Morphologically these cells were typical haematological
stem cells. When these cells multiplied and grew, the concentration of antibody
increased and colonies of typical plasma cells appeared. ‘“‘Occasionally antibody
was found in typical blast cells at the center of the follicles in the cortex and also
in small amounts in association with small cells, probably lymphocytes.” Many
transfer experiments have been reported which seem to suggest that one or the
other type of cell produces antibodies in the recipient. This method has been em-
ployed in particular by Harris’ research group!®: 18- 17 and by Dixon et al. (18-20).
Both these groups used irradiated recipients in order to depress antibody formation
by the cells of the recipient. They also both used lymph node cell suspensions, with
a lymphocyte percentage varying between 85 and 99. Harris and Harris incubated
the cells with soluble antigenic material, Dixon et al. established the cell-antigen
contact within the recipient (table I). By this method the Dixon group observed
the same antibody-forming capacity in lymphocytes and macrophages!®. Harris
and Harris obtained antibodies only when they used lymphocytes. The question
remains, however, whether antibodies are produced only by the cells transferred.
According to the results previously cited, macrophages are not likely to form anti-
bodies. Dixon’s experiment?’, in which cells injected into newborn animals failed
to respond to antigenic stimulus, speaks in favour of the conclusion that some kind
of cooperation between the injected cells and the cells of the recipient is necessary
other than nutritional cooperation. It is well known, for instance from Jacobsson’s
work, that cells of the type used in Dixon’s experiments are capable of neutralizing
the irradiation effect (table IT)21-23,
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Table 1

Transfer Experiments

. i Antibodies
e . Antigen Recipient 5 s
Authors T'ransferred cells Antigen CoRtAcE irradiated appm:;::tm
Harris et al. Lymph node cells | Soluble | in vitro + +
material
Shigella
paradys.
Harris et al. Blood leucocytes ” in vilro + +
Harris et al. Peritoneal » in vitro + -
exudate cells
Harris et al. Lymph node ” in vitro preimmunizcd -
cells with homolog.
leucocytes
|Roberts and Dixon | Sensitized Bovine in vitro -+ -
lymph node gamma
cells globulin | in + +
or recipient
bovine
serum
albumin
Roberts and Dixon | Scnsitized 3% in + (+)
thymus cells recipient
Roberts and Dixen | Normal lymph ? in + =
node cells recipient
Dixon et al. Sensitized Bovine in + +
peritoneal gamma | recipient
. exudate cells globulin
(macrophages) or
bovine
serum
albumin
Dixon et al. Irradiat. ” in + -
sensitized recipient
lymph node cells
Dixon et al. Irradiat. > in - +
sensitized recipient
lymph node cells
Dixon ct al. Sensitized lymph ” in neonatal =
node cells recipient | recipient
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Table II
Antibody Restoration Experiments
z Antibody
T ferred cell Ant Exp. - :
Authors orr:l?iselcg:i o?gasn injelr:gt:::!l anixmal Treated with f::;?;:;g"
Jacobson Spleen Sheep Rabbit X-ray +
and Rebson shielded red cells
Jaroslow Spleen cells +
and
Taliaferro Spleen extracts Sheep Rabbit X-ray +
red cells
Mouse spleen +
extract
Hela cells:
suspension
or extracts =+
Yeast autolysate +
Berglund Spleen cells +
and
Fagraeus
Thymus cells Sheep Rat Cortisone +
Disintegrated red cells -
spleen cells

In contrast to the lymphocytic theory the plasmacellular theory is based on
certain fundamental observations from human pathology. In a number of papers
dating almost 20 years back, Bing?*, Rohr? and Markoff % pointed out that in
certain diseases there is an evident correlation between a high serum globulin
level and an increased amount of plasma cell in the bone marrow. The recent
observation that plasma cells are lacking in agammaglobulinaemia also points at
this cell as the source of gamma globulin. It is especially the observations of Bing
that have inspired Scandinavian workers in this field, for instance Bjorneboe and
Gormsen, and also myself. Bjorneboe and Gormsen®? found that in hyperimmunized
rabbits in which the total amount of gamma globulin sometimes consisted of anti-
bodies alone, there was an enormous increase in plasma cells in different organs
particularly in the spleen. Furthermore, from the adipose tissue of the renal sinus
with cell infiltrations out of which 90 % were plasma cells they extracted proport-
ionally more antibody globulin than from any other organ?.

When using the secondary response in rabbits, I was able to follow the reaction
of the spleen to one single booster injection, the antigen being S. typhi or horse
serum?. Later I have repeated the experiments using diphtheria toxoids and guinea-
pig. Before the serum titre had begun to rise, a proliferation of large reticulum
cells with pyronine-staining cytoplasm and an a conspicuous nuclear structure was
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observable in the red pulp of the spleen, and parallel with the rise in titre, an in-
crease in the number of these cells and a development in the direction of typical
plasma cells occurred. Tissue culture experiments showed that pieces of the red
pulp where these cells appeared were very much superior to the lymphocyte-con-
taining follicles in regard of capacity to produce antibodies in vitro. The amount of
antibody formed in the cultures correlated positivity with the number of plasma
cells present in the fragment cultured, especially with the number of immature
plasma cells. The further differentation of the immature plasma cell to mature
plasma cell always brought about a drop in titre in the cultures. This is shown in
fig. 1. The upper curve shows the additional contribution of antibodies for each

2lcug titre
15
% -
; in vivo
13
12
AR
10
9 1
8
Cell diff
7 %
6 1 6
5 5
4 4
3 in vitro 3
2 2
1 1
1 2 3 4 5 6 7 days

Fig.1. Antibody production in vitro at 12-hour-intervals by splenic pieces (amount of tissue
0.4-0.5 mg in 0.3 ml medium). New cultures were started on 3rd, 4th and 5th day respectively.
The columns indicate the amount of plasmacellular elements in the tissue when cultured.
transitional cells

% immature plasma cells

B mature plasma cells
The in vivo titre curve shows the additional contribution of antibodies (for each 12-hour-period)
in the serum of the rabbit, from which the spleen fragments were taken. The animal was killed
on the 5th day but the titre curve continued as if an increase by 1009% would have

occurred on day 7, the maximal increase observed.

12-hour-period in the scrum of the rabbit from which the spleen was taken and
cultured. The animal was killed on the 5th day, but the curve is continued as if an
increase by 100 % would have occurred on the 7th day, representing the maximal
increase that could be expected to occur. The two curves, one representing antibody
formation in vivo — the other the antibody-producing capacity of the spleen tissue
in vitro, coincide, broadly speaking.

These observations have been confirmed by Keuning et al.3°, who cultured at
least 10 times more tissue material, and thus obtained higher titres. They also
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observed some antibody production in the white pulp fragments, but in their
experiments, too, the red bulp which contained plasma cells was much more active.
In hyperimmunized animals Coons et al.! detected antibody in plasma cells in the
red pulp of the spleen. Small amounts of antibody were occasionally observed in
cells in the lymphoid follicles.

These experiments seem to indicate that antibody formation commences in
undifferentiated cells. The reticulum cells are activated under the direct or indirect
influence of the antigen and thus the production of antibody is started. In Coons’
experiments antibody globulin was first demonstrable in large immature cells
resembling haematological stem cells — the cell type I have called transitional cell.
Otbhers call it plasmoblast. In my experiments most but not all of these cells devel-
oped into immature plasma cells, and as far as could be judged from the titres 1n
the tissue cultures this cell type was the most active. Coons observed a high content
of antibody globulin immature plasma cells. Itis also possible to extract antibodies
from tissues containing these cells, but fragments with predominantly mature rells re-
lease relatively small amounts of antibody in tissue culture. The assumption that
the immature plasma cell is the most active antibody producer has found support
in studies using ultraviolet spectrography3!: 32, Like other intensely protein-forming
cells, the members of the plasma cell family showed a high content of nucleic
acids, the immature plasma cell containing the largest amount.

Much evidence has thus accumulated suggesting that elements belonging to
the plasma cell family are actively involved in antibody production. It is perhaps,
confusing that results have also been obtained which speak in favour of the lym-
phocyte as the cellular source of antibodies. This confusion may, however, partly
be due to nomenclature. The lymphoblast of Harris, the acute splenic tumor cell
of Rich33, the plasmoblast of Coons and the transitional cell are most probably all
one and the same thing.

Another possible explanation is the existence of a family relationship between
the two types of cell. I think especially of Ringertz’ suggestion that the immature
lymphoblast in the stimulated lymph node could be the precursor of an antibody-
producing cell and develop into a plasma cell®. The immature plasma cell <tage
is to me the morphological manifestation of a cell at the point of maximal antibody
formation. The mature plasma cell is the end product in a chain development, a
cell which has already passed the stage of its highest functional intensity. The
possibility cannot be excluded that the mature lymphocyte may represent the final
stage in a less intense antibody formation process. But to me ist seems unlikely that
such an active globulin synthesis as is reflected in the occurrence of antibodies
could be going on in the mature, small lymphocytes. They do not have the general
appearance of protein forming cells.

Finally I once more want to stress the probability that antibody production
commences in young or undifferentiated cells, not in plasma cells or mature lym-
phocytes present in the body before the injection of antigen.
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Med. Univ.-Klinik, Ziirich, Schweiz 2

Zur klinischen Chemie der Proteide im normalen
und krankhaft verinderten Blutserum

Von CH, WUNDERLY

Die Aussalzungsmethoden, welche auf die Schule von Sdrensen zuriickgehen,
sowie die Elektrophorese in der Ausfithrungsform von Tiselius haben der klinischen
EiweiBchemie die Basis gegeben. Friihere empirische Teste, mit welchen man zu-
meist die Labilitit der kolloiden Bestandteile des Blutserums priifte, wurden durch
Messungen mit quantitativen Angaben der Proteinfraktionen ersetzt. Fiir Reihen-
untersuchungen der tiglichen klinischen Routine war der Arbeitsaufwand freilich
noch grof3. Deshalb wurden frithzeitig Bluteiweifreaktionen entwickelt, deren
Ergebnisse eine gewisse GesetzmiBigkeit mit der Zusammensetzung der Serum-
proteine zeigten. Da die letztere ein Mehrkomponentensystem darstellt, so zeigte die
Erfahrung, daB eine einzelne Reaktion keine ausreichende Differenzierung ge-
stattete. In der Folge wurde begonnen, entsprechende Reaktionsgruppen auszu-
testen. Diese wurden so zusammengestellt, daB3 ihre Reaktionsbereitschaft fiir ge-
wisse Proteinzusammensetzungen méglichst verschieden ist. Um eine breite An-
wendung zu erzielen, war es wichtig, eine begrenzte Auswahl unter den vielen
Reaktionen zu treffen und diese dem Verwendungszweck anzupassen. In dieser
Absicht vereinigte Linke® das Weltmann-Band? (Hitzekoagulation, W. Bd.), die
EiweiB3-Zentrifugier-Reaktion?® S. 39, und die Formol-Gel-Reaktion® S. 59. Um
auch das humorale Blutbild in den Kreis der Betrachtungen zu ziehen, wird bei
dieser Reaktionsgruppe, wie auch den folgenden, jeweils die Blutsenkungsreaktion
(BSR) herangezogen. 1949 zeigten wirt, wie die Kombination von zwei Labilitits-
reaktionen, der Cadmium-Reaktion® und dem Weltmann-Band, Bezichungen er-
gibt zur Zusammensetzung des Serumproteins (Tab. [). In dieser einfachen Reak-
tionskombination ist somit das ganze Spektrum der SerumeiweiB-Fraktionen mit-
enthalten. Die Aufschliisselung in 6 Labilititstypen betrachtete man damals als
die ausschlieBlliche Folge von Verschiebungen im Proteingefiige des Patienten-
serums. Noch war das Wissen von den Proteiden zu unbestimmt, um ihren Einfluf}

2 Acta haemat, Vol 20, No. 14 (1938)
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Tabelle I

Reaktionenkombination nach Wuhrmann-Wunderly®

Weltmann-Band Cadmium-Reaktion
Rohrchen mit Bandlange positiv negativ
Flockulation
04 verkiirzt a-Globuline B-Globuline vermehrt
vermehrt
5-7 normal od.  f,- oder a- und normale Serumpro-
stumm y-Globuline teinzusammensetzung
vermehrt od. f3;- und y-Globuline
vermehrt
7 %-10 verlingert y-Globuline in einzelnen Fillen
vermehrt y-Globuline
vermehrt

auf die Labilitiatsreaktionen abzuschitzen. Die entscheidende Erweiterung auf die
Proteide brachte die Papierelektrophorese. Wiederum waren es nordische For-
scher, welche die Farbetechnik erstmals beschrieben haben; Svahn® gab sie fiir die
Lipoproteide (Sudanschwarz) und Kéiv und Grénwall? fiir die Glukoproteide
(Schiffsches Reagens nach Hoichkiss). Obwohl die Ergebnisse in ihrem Genauig-
keitsanspruch nicht mit mikroanalytischen Verfahren vergleichbar sind, haben sie
auf Grund ihrer breiten Anwendung dennoch wertvolle Fortschritte erméoglicht.

Die erwihnte Ausdehnung der klinisch-chemischen Analytik auf neue che-
mische Stoffgruppen war um so bedeutungsvoller, als man mittlerweile erkannt
hatte, daB die EiweiBzusammensetzung allein (so wie sie etwa die Papierelektro-
phorese liefert) die Labilititsteste nicht zu ersetzen vermag. Dieser Standpunkt
wurde erstmals von Fayle u. Mitarb.® 14 ausgesprochen. Sie empfehlen als « Mé-
thodes d’écran»: die BSR; Gesamtprotein (Biuretmethode); y-Globulin-Bestim-
mung (Reaktionen von Popper und Huerga®  S.21 und von Kunkel® S.45); Serum-
mukoid im a,-Globulin (Haptoglobinbestimmung3: S. 137); Lipoproteide im f;-
Globulin (Phenoltest nach Kunkel3- S.138). Man bemerkt darin das Interesse fiir die
Gehalte der Proteide. In der Tat ist oft bei gestorter Leberfunktion, bei Malignom,
aktiver Tuberkulose, Silikosen sowie gewissen rheumatischen Erkrankungen das
elektrophoretische EiweiBprofil nicht in charakteristischer Weise verdndert. Damit
erklart sich fiir weite Gebiete der klinischen Medizin di= Forderung nach einfachen
Laboratoriumstesten, welche insbesondere Verinderungen im Gehalte von Pro-
teiden erkennen lassen. Auf diese Weise werden Verlaufsquerschnitte moglich, wel-
che fir die Entwicklung einer Erkrankung, der Differenzierung von Grundkrank-
heit und nebenher ablaufender Erkrankung sowie dem Erfolg einer Therapie oft
die zuverlassigere Deutung gestatten. Dabei vermag der Kundige, wenn die Resul-
tate der Triage-Reaktionen (screening methods) vorliegen, diese noch durch Tests
zu ergianzen, welche weiteren Einblick in der gewiinschten Richtung gewihren.
Es ist der Zweck vorliegender Ausfiithrungen, auf einige spezielle Fragestellungen
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einzugehen und zu zeigen, wie die moderne Serodiagnostik entsprechend dem
Krankheitsgebiet eine Auswahl von Reaktionsgruppen trifft, welche die Serumpro-
teide stark beriicksichtigt.

1. Arteriosklerose

Da die Arteriosklerose diagnostisch groBe Schwierigkeiten bietet, begegnen Verfahren
zur Verbesserung ihrer Serodiagnostik besonderem Interesse. Dies um so mehr, solange man
fiir den nngleich wichtigeren GefaBfaktor keinen zuverldssigen MeBwert besitzt. Es handelt
sich hier um den Zustand der GefiBBwand, von welchem der GefaBinnendruck, der GefaBwand-
druck sowie Anderungen der Filtrationskapazitit abhingen. Ebenso schwierig zu verfolgen
sind die Reaktionen der Intimagewebe auf die eingefilterten Substanzen, da diese Vorginge
von der chemischen Zusammensetzung der Grundsubstanz des Gewebes abhingig sind.

Die Serumanalyse normaler Individuen verschiedener Lebensalter ergibt mit
tortschreitendem Alter eine Zunahme der Lipoproteide B, welche bei der Papier-
elektrophorese etwa an die Stelle des p-Globulins wandern. Die elektrophoretische
Wanderung ist klein, weil etwa 40 % aus Neutralfett besteht, das an der Strom-
leitung nicht teilnimmt. Es liegt in Komplexverbindungen vor, mit Cholesterin
und mit Phospholipoiden, welche etwa im Verhiltnis 2: 1 vorhanden sind. Gegen-
iiber Papier als Trigersubstan fiir die Elektrophorese, besitzt Stirke fiir die Lipo-
proteidkomplexe keine nennenswerte Adsorption; dadurch gelang es, im Stdrke-
block®? das Lipoproteid in mehrere Gipfel aufzutrennen. Im Agargel wandert diese
Lipoproteidkomponente bis in den Bereich des a,-Globulins und beweist damit
ihre chemische Unabhéngigkeit vom f-Globulin (vgl. Uriel, Grabar und Wunderly®®).

Im Papierstreifen findet sich, eng angelehnt an die sogenannte Lipoproteid-
komponente B die sogenannte «Schleppe» (Abb.1). Sie enthilt die Chylomi-
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Abb. 1. Verinderungen der Lipidogramme (Pa-picrelcktrophorcse) vor und nach Behandlung
(Gaultier et al. ),
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kronen und besteht aus etwa 55 9% Neutralfett®. Bei Patienten mit Coronarsklerose
und Diabetikern ist dieser Abschnitt (mit C bezeichnet) oft betrdchtlich erhéht.
Etwa Y, der gesamten Lipoide wandert im Bereich von Albumin und a-Globulin
(A); in ihnen sind Phospholipoid und Cholesterin etwa im Verhltnis von 1:1 ent-
halten. Die labilen Bindungen dieser Lipoidkomplexe drilern bei Stérungen des
Fettstoffwechsels ihr gegenseitiges Verhiltnis und dadurch ihr elektrophoretisches
Verhalten. Als Beispiel fiir die normale Altersstufung der Lipoproteidkomponen-
ten A, B und C geben wir in Tab. IT die Mittelwerte der ausgedehnten Untersu-
chungen von Tizzani?3 sowie Bihle et al.3. In Anbetracht der schwierigen Repro-
duktionsfahigkeit der Ergebnisse von Lipoidfiarbungen3? nach Papierelektropho-
rese, darf die Ubereinstimmung als gut bezeichnet werden. Im Blutserum der
Minner sind die Lipoproteidkomponenten B und C stirker enthalten als bei den
Frauen. Fischer® betrachtet die altersbedingten Verschiebungen der Lipoproteide
als einen kombinierten Effekt, der sich aus dem physiologischen Vorgang der Alte-
rung zusammensetzt, wobei Personengruppen mit primir niedrigen Lipoid- und
Lipoproteidwerten begiinstigt sind. Die Verschiebungen entsprechen der Alters-
pathomorphose der angefiithrten BluteiweiBkorper!2. Liegt Arteriosklerose vor, so
zeigt sich zwischen dem 40. und 70. Lebensjahr diese Gehaltsverschiebung der
Lipoproteide des Blutserums oft in verstirktem MaB13: 14, Gleichzeitig nimmt der
Gehalt an Lipoproteiden A, welche die Lipoproteide hoher Dichte enthalten®®,
entsprechend ab. Da diese Gehaltsverschiebungen nicht nur bei Arteriosklerose
auftreten, vermégen sie die Diagnose nur in bedingter Weise zu stiitzen 1%, Im-
merhin finden sich nach Schettler® bei Arteriosklerotikern jungen und mittleren
Alters auffillig oft Verdnderungen der Serumlipoide, Lipoproteide und Glyko-
proteide, so daB3 bei klinischem Verdacht und Ausfallserscheinungen wie Angina
pectoris, Durchblutungsstérungen usw. die Serumanalyse angezeigt erscheint; sie
kann zur Abgrenzung entziindlicher Angiopathien dienen und kann im Einzelfall
durch alimentire Fettbelastungen im Sinne einer Funktionsdiagnostik ergénzt
werden. Auch Voigt und Gadermann®' sowie Voigt und Schrader® (vgl. Thurnherr und
Niederberger® finden bei arteriographisch gesicherten Arteriosklerosen in einem
groBeren Prozentsatz papierelektrophoretisch normale Lipoproteidfraktionen.
Um die GréBenordnung der Lipoproteidverschiebung darzutun, geben wir die
Ergebnisse (Papierelektrophorese, Sudanschwarzfirbung; Cholesterin und seine
Ester nach modifiziertem Liebermann-Burkhardtschem Ansatz?%) von Voigt und
Gadermann® an 42 Patienten mit sicherer Arteriosklerose wieder (Tab.I11). Dem-
nach findet nur ein Uberlappen der Werte statt in Kolonne c, wo die Werte dhn-
lich liegen wie die Normalwerte; in solchen Fillen wird die Papierelektrophorese
trotz erhohten Serum-Cholesterin-Werten mehrdeutig. In Ubereinstimmung mit
den Befunden von Fischer3?, erweist sich hier das Lipoproteinspektrum als weitge-
hend unabhingig von der Héhe des Blutcholesterin- und Blutlezithinspiegels. Die
Serumanalyse muf3 erginzt werden durch die mikrochemische Bestimmung der
Serumgehalte an Phospholipoiden, Totallipoiden, Neutralfett und wenn moglich
dem Lipoproteidgehalt in der Flotationsklasse SF 10-20 (Ultrazentrifuge?3 26).
Fir die Zunahmen im Sektor B der Kolonnen a und b ist in erster Linie eine Zu-



