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IRFECTIOUS DISEASES AND PLASMA PROTEINS

Naika (Tokyo) 15:;1076-86, T. Masuya, K. Tominaga Pro-

June, ! feszor of Internal Medicine
Kyushu University, PFaoulty of
Medicline

The changes in fraction or subfraction of plasma proteins
have been observed in various infectious diseases. However,
the meaning of these changes has not been well understood yet.
In this articie, an attempt was made to materialize these
informations from both py experience and pubdblications. im-the
past. Furthermore, a recent progress in bloohemised findtngs
of the antibody, especially of i1ts specificity was described.
Iin-last. some discussion we¥ extended to the "Antidody Deficlsnoy

Syndrome* of whioh] globulin oconcentration in plasma wae-
abnormally low.

I. INTRODUCTION

Soms investigators in the past had tried tc oorrelate the
ohanges of the plasma protein comocentration with the changes
of its electrophoretic fractions in the certain diseases and

classify 1&5 gesults into a certain pattern for the aid of
diagnosis, +~

Since recent progress has been made in physiochemlcal,
immunological fields (i.e.; starch gel eleotrcphoresis, agar-
g8l electrophoresis, ion exchange chromatography. gel filtra-
tion, immune sleotrophoresis and so on), the endless details

of ochanges of fractions, subfractions of plasma proteins have
besn continuously reported.

Among the several olinical, pathological entities, the
relationship between the infeotion and changes of plasme pro-~
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tein fraotions, subfractions are to bs discussed together with
the reiationship between infection and antibody def&oiency
syndromo in the next paragraph.

II. CHANGES OP THE PLASMA PROTEIN FRACTION IN INFECTION

Wuhrmann and Hunderlyl correlated the changea of ths
plasma proteins with the findings of the red ssdimentation
rates, the oorrosive sublimate resction. ceéphalin-sholesterol
flooculation teat, thymol turbidity test, cadmium reaction.
total amount of protvein end heat-ccagulation test.

From the result of their study, they formed the "REACTIONS .
CONSTELLATION" theory in which, they believed, some diseases
could be classified into cer.ain patterns according to the
changes of plasma proteins. Ia this theory, the pattern was
classified in nine types, ctarting from an acute infilammatory
type and ending to beta globulin plasmccytoma, The infectious
diseases were categorized in Type I, Acute inflammatory type,
Type II, Subscuve-chronic inflammatory and proliferative type
(Type 111, Hepatitis type @s a specific type). The changes of
plasme proteins of Type I, II, III are illustrated in Table I.
Az seen in Tadle I, no aasontial difference is found between
Type I and X1; i1.e.; a decrease in albumin, inorease in
alpha=2. beta, gamma glolwlin were seen in both typec. But a
degree of these changes are more prominent in Type I than in
Type II. Also, in Type I, the changos of beta globulin is
nore dominart in Type II than Type I. In Type III, ng signi-
ficant change of alpha globulin is observed. Miyoshi<®
oriticized that the classification made by Wuhrmann and
Wunderly was not only phenomenological but also did not always
satisfy the entity of the disease. Instead, he advocated
the concep of "pProtein disease" or "Blood protein disease™,
According to him, the diseases of which pathologlical etiology
or oardinal symptoms are due to abnormality of elther protein
or of plasma protein can be categorized to nine groups, He
stated that an alternation of plasma protein observed in
infectious diseases possessed & peculiar pattern whioch was
deecmed as the "Infectious disease pattern®. In PFig. 1, a
transitory change of each plasma protein fraction of the in-
feotious digsease pattern is illustrated. As seen in Fig. 1.
together with a slight decrease of albumin, an inoreass of
each fraction (inoluding fibrinogen) in an acute stage is
noticed but as it becomes chronic, both a deorsase of albumin
and an inocrease of gamma globulin becomes more prominent,

The changes of alpha~ and beta globulins are not merked.
When the chronloc stage is prolonged, ao called "status hyper-
sammaglobulinemicus® is observed as illustreted 1n the right
bottom of Fig. 1.
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FPig. 1. Transient Changes of Plasma Prctein
Fractions in Infectinus Diseases (from Hlyosh13)
Legend: a., before digease; b. acute ztage;

c. suacute, chronic stages; d. ochronioc stage

A general survey on changes of plasma proteins is as
mentioned above. Some detailled changes of each fraction, sudb=-
frantion of plasma protein in an infectiouas disease is to be
desoribed exvept alpha and gamma globulins in the next pars-
graph. Alpha-globulin is to be disoussed as an acute phase
reactants and zamma-globulin is to be discussed as the
okanges of immunoglobulin later.

A. Albumin

The ocommon findings among the several published papers
dealing with the relationship between the infeotious diseases
ard plasma protains are an absolute or relative reduction of
serum albumin,

Jonklnn“ reported that a prominent deorease of albumin
in 22 omases of pulmonary tuberoulosis, 11 oases of pyslon-~
sphritis and a slight decreass of albumin in the 1l otaag of
pneunmonitis, 12 cases broncho-pneumonitis, Graham et al
stated that an abgolute or relative reductionn of aldbumin
were noticed in the 40 ocases of ths varisus infectious dlaatgcl
and 17 oases of virus infeotious. FPFurthermore, Brackenridge
reported the similar findings of total 86 oases, inoluding 53
cases of soute infectious diseases such as the 43 cases of
pneumonitis, gonorrhea, absocess, panperitonitis; 10 oases of
pulmomary tuberculosis 3 cases of ochronio otitis medis, &
oases of baoterial endoosrditisendoocarditis and 25 ocases of




TABLE II. CHANGES OF PROTEIR, FEACTION i
CONCENTBATION IN PLASM&)AT INFECTION "
ks

(from Jenc

Number &ibumin, alpha- &lpha- Deta~ gamma- Total

of (%) I-g 2-g g (%) g (%) pro- -

Cases (%) (%) ’ tein !

&A1 |

Normal human 185 68.9 2.9 7.3 9.0 12.0 7.3 1

Pulmonary : !
tuberculosis 22 59.6 4,0 9.5 9.9 17.0 7.0
Prieumonitis 11 65.0 4,1 3.8 9.7 12.4 6.9

Bronchopneu~

monia 12 64.3 3.9 10.0 9,6 11.9 6.7

chronic bacterial infections such as osteomyelitis, tuberculosis,
lymphadenitis, or v.ral infeotion, infeotious mononucleosis,
malaria.

Generally, hypoalbuminemia is considered due to either a
decreased albtumin synthesis {i.e.; liber disease) or an in-
ocreased catabolism or a pathologlcally inoreased exoretion of
altumin, besides a genstic factor, malpnutrition or an increased
excrstion of albumin. “n the bacterial infaction, 1t seema that
the bactarial toxin promotes the catabolism of protein by tissue
destruction, resulting in hypoalbuminemia eventually. Also, 1in
mics experimentally induced by the lipopolysaccharide of
Serratie marceacens, a hypoalbuminemia was noticed.’ On the
contrary, in the experimant of which the protein synthesls in
the liver, spleen and lymph node of the staphylococcus infeoted
mios was studled by an autoradiography of the 1mmuneeeleatro-
phoresis, the albumin synthesis was found increased.” Thias was
contradiczory to the reduotion of albumin in the oiroulation
mentioned before. The osontradictory findings cen be explained
as due to the inocreased catablosm of the synthesizad aldbumin
and its extravassular leakage in an acute inflammatory stage.
However, it requires furthermore investigation,

It is well known that at the early stage of the infeo-
ticn, the serum albumin is increased teomporarily as a stress
resotion is monitored through the hypophysioadrencoortiocal
system. However, it ia equivocal that Williem's finding 1is
duwe to stress reaction.

_5-
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B, Transferrin

Transferrin (Siderophilin) is an iron-combined protein
belonging to beta-I-globulin and its molecular w2ight is
90,000. I mg. of the transfe.rin combines with 1.32 ) of irenm.
It 18 well known that the iron combining power is reduced in
spite of the low serum iron soncentration at the infection,
but its mechanism has not been well clarified yst. The iron
combinindb power 18 a clintcal expression of the body transferrin
content and in case of genulne iron deficiency, it is found
inoreased remarkably.

The ig{hora9 investigated the metabolism of transferrin
by use of 1 labelled transferrin; In infection, a reduction

of blood transferrin concentration, a marked shortening of its
half life, and & markedly increased turnover rate were recognized.
On the other hand, a synthesis of transferrin was found decreased
in the liver of the infected animal. Therefore, the cause of

the iron combining power depletion at the infeotion was due to
both the increased catabolism and the decreased synthesis of
transferrin. Purthermcre, we demonstrated that the transferrin
oconoentration in the aboessed testicle of rat caused by

terpentin artifioclially; was inoreased to eight to sixteen time

of the normal one. Thus, it was proved that the localization

of transferrin to the 1nreot3% focl was one of the cause of the
bleood transferrin reduction. The above mentioned data may

be related to the antibacterial ggticn of the free transferrin
found in vitrol0 and clinically. Extensive study about this
probelm 1s being carried on.

III. ACUTE PHASE BREACTANTS

Many of the plasma respounses to acute inflammation in-
oluding an acute infeotion are ncn-specifioc; i.e., the inoreased
blood sedimentation rate, Thego resctions are summarized as
the "Aoute phase phenomenon” 12 and tue reactants are called as
the "Aocute phage reactants” whioh include c-reactive protein,
firinogen and the other geveral glycoproteins.

A. Alpha-~globulin

Alpha~-globulin was divided into only two fractions;
i.e. alpha~-]l and alpha-2-glodulin when Taselius or paper
elesotrophoresis was utilized for amlysis t. ag progress
was belng made in the field of the immunel3:1% op the starch
gel electrophorea.l>-17 several subfractions of alpha-glodulin
had been discovered. The tadling of the gnfgn lubfrtgsionl of
alpha-glot~1in were prepared by Taniuchil®~lY or Uda
Favertheless, anong the total fifteen or seventeen sudfractions

-6-
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of alpha-1 or alpha=-2 globulins, tgi functions of not & few of
these are not clarifiea yet. Wada~:i smmmarized that the main
changes of the subfractions in an inflammatory disease were the
increase of orcsomucoid, alpha-l-glycoprotein, alpha-1~HL2
(thermolabile factor) in the alpha-l-globulin region, ani the
increase of haptoglobin, ceruleoplesmin in the alpra-=2-globulin
region. He stated, furthermore, that the total inorease of
alpha-1 alpha=2 glodulinas were mainly influenced by the increas:
of orosomucdid, alpha-l-glycoprotein in the £*pha-1 region and
by the inocrease of haptoglobin in the alpha-2-region. Since th«
8ignificance of orosomgooid is almost 1dentiocal to one of
alpha-l-glycoprotein,2% these subfractions are discussed togeth:
in the next paragrarh.

1. Orosomucoid?? (Alpha-l-gseromuccid or alpha-l-acid
glycoprotein23) and alpha-l-glycoprotein.

TEO precipitation constant of orosomugold 1s said 3.1182
or 3.5526 and 1ts molecular weight is 44,000<5 while the pre=
cipitation constant of alpha-l-glycoprotein 1s 3.55 and its
molecular weight ls 54,000. The 1ncreas§ of these substances
at an infection were reported somewhere<® and Betsueki recently
made an observation gr the transitory change of these sub-
fraoctions in detail?®. Both subgtances must be regarded as

the important acute phase reactant because the responses of
these substances to acute inflammations are sharp. However,
neither the origins of these substances nor there physiological
pathologlcal significances are clarified yet at present time.
An increase of glyocoprotein such as orosomucoid or alpha=-l-
glycoprotein at an inflammation may be interpreted as a stress
reaction motivated through the hypophysis-adrenccortiocal system
because of 1ts non-specific nature. The faot that a depletion
of glycoprctein in either hypophysial or adprgnocortical in-
suffioiency may support the above findings. However some
repggted the glycoprotsin oconcentration of the normal guinss
pig’Y anmd the dog were not altered by the intramusocular in-
Jection of ACTH or cortisone, Therefore no conolusion was
arawNn yet about this problem, - :

2. Haptoglobin

Haptoglobin i3 one of the glyocoproteln which belongs to
alpha-2-globulin and forms a stabilized comdbination with hemo=-
globin. 1Its genetio tyfon well 18 the one of transferrin
were studisd thoroughlyl5.16, But {tas genetioc problem must de
spared for the sake of the economy of spuce.

The precipitution oconstant of its type 1~.I is k,2532
and its molecular weight is 85,0003, A few different

-7-
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techniques had veen %Eed to measure haptoglodbin, i.e., Connell
and Smithies' method " 18 based on the measurement of the peri-
oxldaas agtivity of Hp-~Hb complex, while Laurell and Nyman's
method>3:35 i1a tased on alectrOphorgslge (Its normal bloou

’

concentration 1imit 1s } 100 mg/gé. 30~186 mg/dl accord-
ing to Betruekid?) Wada reported’® that eight out of the fif-

teen asute inflammatory cases (including five out of the six
Theumatic fever cases) studied by him revealed signifiocant
rises of their haptoglobin level. Howevar, a metabolic change
of haptoglobin during infection 1s not well studied yet.

3, Slow Aplha-2

When the serum of healthy human being was analyzed by
starch gel elesctrophoresis at pH 8-8.5, a single distinct
line which is called slow alpha-~2 is obtajned. It is well
known that slow alpha-2 as sell as transferrin is vseful for
a fixation of the eiectrophoretic pattern. It has not been
known yet which subfraction demonstrated by the immune electro~
phoresis is correspondent to the line representing the slow
alpha-2, However, it has been thought that slow alpha-2 is
repreeonteg by the mixiure of alpha-2 macroglobulin, fibrinogen
and 8o on,*8 The slow alpha-2 1s not observed in tha mproe)
rat, but appears in the experimentally infected rat./”°

When the endotoxin such as lipopolysaccharide deprived
from the horse abortus bacilli was injected into the abtdominal
cavity of rat, the slow alpha-2 was recognized at 2nd-9th day.
Alpha-2 macroglobulin as well as orosomucoid is regarded as
one of the acute phase reactants., However, the origin of
glyooprotein seen in an acute Infection or inflammation had
been said either due to the destruction of tissus or due to
the proliferation of tissue, which had bsen undecided yst.

No obsgrzstion regarding its origin was mede in Heim's experi-~
"O

nent nevertheless, it iz clear that it is one of the
saoute phase reactants.

B. C-reactive protein

Tilett ot a1l reported the observation that the sub-
atance in the serum of the pneumococcal pneumonitis patient
was rsacted with C-polysaccharide of the pneumccocci bacillt,
causing the sedimentation. This substance is called C-reac-
tive protein (CRP). CRHP is found not only in the serum of
pnsumocoocal pne}agggtu but algo in the one of astue bac-~
terial 1nreotiog « parasitic diseases and in ons of the
viral diseases.*? Rspecially, CEP appears in a glﬁh percen~
tage in the serwm of an acuts rheumatic feverl.*5.%9 " There-
fore, its diagnoetioc value 1s not only signifioant but also it
is oconaldered valuadle ag the judgement of its prognosis be~

-8 -




cauge the transitory change ol CRP level is well parsllsled
with the activity of rheumatic fever. CRHP has been exten-~
sively used for clinical purpose nowaday .

The chemical, physical nature of CHPSO'51 18 entirely
different from the antibody begause i1t does not exist in a

gerum of the healthyugubjeot.5 and it requires oalcium as
tha reacting medivm.

CRP is precipitated from the ser after 50%-70% sat-
urated sodium sulfate or ammonium sulfate 18 added. The
preciplitation of CRP 18 also observed when it 1s filltered
throuagh the running water or 0.02% Calciwuc chloride, but it is
goluble in distilled water. It was reported that CRP existed 1
the blood as combined with 1ipid.51 Though the report 1s pastd
indicated that the modility of CRP in the electrophoresis waa
similar either to the one of the beta globulin or to gamma
globulin, the recent study indicated that it is sit ed
between one of the alpha~2 and of the beta globulin. Its -

preﬁipitation constant i1s percent 7.5 S and its electric point
is 4.6

CRP 18 deteoted by the use of its specific reaction to
the C~polysacchardie or by the use of its action to induce the
swelling of the capsular membrane of the pneumococcus bacilli,
But for a quantity measurement, the immunnchecmical technique,
that 18, the technique to utilize the anti-CR” rabbit serum
18 regarded as the more sensitive and accurate method. This
technique 1s reported in detnil by Homma.57 1t was already
ment%gned that CRP was one of the acute phasc recactants.

Rice investigated the relationship of CRP to ceruloplasmin,
Biallc aclid, seromucoid ard total ~-lycoprotein hoxose by
measuring of all the substances quantitatively at the same
time. Aoccording to his investigation, the positivity c€ CRP
18 ciosely related to the increase of other four; In other
worda, all the cther auistances can be regarded as the acute

phase reactants, and especially CRP 18 mogt closely related
to silalic acid among the four substances.

iV, TINPECTION AND IMMUNOGLOBULIN

The evidencs that the relative and absclute increase
of alpha globulin seen in several infectlous diseases reflects
the production of the antibody. GrosoS9 summarized names of

the infectious diseases in which the gamma globulin wers
reported increased.

Vhurmann and Wumderlyl reported the transitory change
of geama globulin together with the change of other sub-
fraotioms in eaoh infectious disesses in detaill.
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P&termannéﬁ alady rejorted the general survey aboui this
gubjeat. Therofore. im this paragraph, no further description
is pyoided ezaept 1ilustintses Grossts table (see Tmble 3},
Instsad, th: srecliiolty of antibody producsd in ihe bLody iz to
bs discusssd in the next parsgraph zince several papsrs about
thie subjsot has been presanied recently.

A

TABLE 3. INPECTIOUS DISE&SE&hA‘GeﬂkﬁNIiﬁﬂ
7 BYFZRSANMAGLOBULINEXTA
~ (freom Grossd%) ‘

1. Baoterial

&. atrepcocooeal endoaar&ltias rhezmatio feve2, acute
glomerulonaphritia

b, S8Severe staphylocosoal infection
t. Advanced tubswouloals {pulmcnary aml other) «
4, Tuberoulcid leprosy
2, Spirochetal-
8, Syphillis
3¢ Viral
&. Lymphogranuloma inguinsle
b. Irfestious mononueleosis
¢. Psittaccels
%. Rickettsiae
&, Typhus fever

5. Desp myoccsis

a, Hlstoplasmosis

M%j 6. Protozoa

a8, Kala azar

b, Mucocutaneous Loiahmuniasia
G, Helaria

7. DNematoid

peoneanin g ¢ e SN LS

&, Yisceral larve migrana
b, Trichinosis

Hon~speocific chronio infectious disease
- 10 -

s R T e YR R A 5 AR 1




PR

s B e U S [ O T I S L R e avma ey e

As & progress Wa3 bsing made in the field of plasma pro-
tein fixation by the immune elscirocphoresir, 1t became apparent
that many subfrastions had been dsprived fron gsmma g.obulin
which had been defined as & single entity by Tiselius or the
pepar electrophoresis. Among these, the functions sf some
subfractions sre unknown. But, beta-2A, beta 2-M, and gapma=2-
globulin poss2as the actions of antibodies. Conseque

tly
these are called gamma-lA, lH-globulin each, Eermansg euggest~

ad that these globulins should have Leen sallsd as Immunc-~
globulin because of the physiological, chemileal and immunolo=-
gical similarities. The nomenclaturs "Immunogiobulin® beocans
quite pOPUIgr at present and its various mature is 1liustrated
in Table %

Most imnune antibodiss produced in infectlicus diseases
ars criginated from alpha=-2-giobulin, but some belongs to
alvha-1M or alphs~lA globulins. The manners of the dilstribue
tion of these antibodies in the immunoglobulin was well
desoribed in the references 20, 62-65. Accerding to these .
refersnces, the causative organisms preducing the antlbody
which belongs to the alpha-2-globulin only are Escherichis
ecll, Shigeliae and Typhoild H. The other antibody producing-
crganisms are found distributed in two or three different
Xinds of immunoglobulins.

In the immune alectrophoresis, rezardless of ths origin
of the specimen., the curve represexnting the gamna~2-globulin
is8 traced as a long arc extending from the pusition of the
gamaa globulin to the one of the Yeta «r alpha giobulin. Alse,
it 48 well known that in the starch g2l electrophoresis, the
gamma~2~globulin curve is traced markediy diffused comparsed
to the other tracing tend, Thir phewomenon iz interpreted aw

the heterogenelity.

The heterogeneity of the garma-2-globulin is said due
to the oconglomezation of the protein molecules which modbilities
are 8lightly different from each other. Hewever, these proe-
t9ine cannot be identified by other criteria such as an ultra=
sentrifuging or an antigen analysis. The difference of its
pobility is dus to the differsnce of electric change of the
individual protein molecule in the electric fleld of the
immune elestrophoresis; in other words, due to the oonftguratad
diffszence of the ajpha-2-~giobulin structure.

On the other hand: the abnormal proteln observed 1n
nyeloms or Waldernstrom’s macroglobulinemia and Bence Jonea
protein whienr is oonziggred bedng extracted as L-chaln of
thege abtnorual prateinsP are imdeed homogenous, osing Aiff~xsat
from the pattern of ¢hs normel aipha-2-globulin,
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TABIE &.

OF IMMUNOGLOBYLIN

(from Fohey

)

PHYSICO~-CHEMICAL IMMUNOLOGICAL NATURE

Camma 2-globe

ulin

Gamma lA-~giob- Gemma 1M~

ulin

Physiochemical

Molecular weight
Precipitation

constant {S%Q,w)

Electrophore
mobility

S

Content of Carben

hydrata(percent)
Hexose

Hexosaxine
Sislic acid

Antigeniocity

Specific antigen
Common antigen

fmmunclogiecal

Specific antibvody
Placenta trans~
mission

Skin fixation

"Reaction with
rheunatic factor

Genstle
GM. fector
Inv., factar

g. pervent in
normal gerum

150,000
6.68
gaums 2

+ +4+ 0+

&
+

1.2

(160,000)n
6.68 138
ganms 1

o o<

0
+

0.4

globulin

1,000,000
198

c 00 ¢

0
+

0.1

The concept "clome*® iz indispensable when the menner of
the productivity, the specifielty of the antibody is to be

discussed.

¢f antibody-producing cells.

The olone 1s vepresented by each individuel group
T™ese cslls develop into cell

group which produces only single kimd of antibody in the pro-
cess of which the lymphatic vells differentiate and undergo
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the varlous process of varientation, heoomé the antibody
producing cell in the foetus., Waldenstrom®/ used the concept
of clene to explain the homogenelity of the sbricrmal protein
encountared in myeloms or Waldernstrom's mecroglobulinemia., Ia
these diseases, a single clone multiplies itself inpropor-
ticnally, therefore the produced gamma-globulin is extremely
homogenous. On ths other hand, the normel gamma~-2-globulin

is the summation of the gamma-globulin produced by the whole
clones.

Poulik and Edelmanés reduced the proteins of the myr2lowis
cases and the factor IIl-gamma~giobulin of the healthy human
1 being to the alkyl form. These specimens were studied under
i the starch gel electrophoresis contalning 8M ures, Their
study revealed that H or L chain obtained from myeloma proteln
andi each myeloma protein demonstrated individual difference
in their reaction. But the reduced form of the factor II gamma~
globullin obtalned Irom the healthy ore dld not. The result
mentioned above can be explained well by the concept of clone.
It seems that the immunclogical specificity of the various anti-~
body (gamma~-globulin) detected in the human serae is corres-
ponding to the specific feature of the clone preducing its
antibody. In next, it must be questioned what makes the
specificity of antibody (specificity of a:is combining site)
being so numerously variable. By quoting Smithies' theory of
the somatic rearrangement in the structursl geneg for gammgu
globulin in the process of cell differentiation,’ Edelman®?
explained it &3 follows. That is, the understanding of the
proceeding such as a variation of the hereditary nature of the
antibody producing cell——-> variety of the variation of amino

: acid sequence in producing H, L chains of gamma globulin (not

only at the combining site, btut also at the nelghboring
area.)—> the variety of H, L chain combination and of its
additlonal bonds would lead to explain the multifarious

?i specificities of the antibodies,

V. ANTIBODY DEFICIENCY SYNDROME

Tae group of infectious disesses in which severe in-
fections are repeated because of lack of gamma-globulin 1is
clessifiec as "Antibody-deficient syndrome®. In this para-~
graph, agammaglobulinemia and heavy chain disease are des~
oribed as the typlcal exaxnples of antibody~dericient syndrome.
Myeloma, ohronic lymphocytic leukemia and malignant lymphoma
are also included in the group though the discussion about
these diseases is omitted for the sske of economy of space,

A, Agammaglobulinemia

It has been ten years or more alr;idy since the
first time agammaglobulinemia was reportad. In these ten
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yeers, a numerous finding concerning this desease has been
progressively accumulated. At present, agammaglobulinemia is
olagsgified as primery and secondary and the primary one
further divided into congenital and acquired. However, re-
gardless of the classification, gammaglobulin concentration in

plasma 18 reduced, conseguently, severe infection is repeatedly
affected 1n agammaglobulinemia.

1. Congenital agammaglobulinemia

This condition 18 a sex linked recessive defect,
appearing only in males. It is usually detscted in children
from infancy; they are subject to repeated infections, usually
bacterial (Staphylococcus aureus, Pneumoccacus, Streptococcus,
Miningosoccus, Hemocphilus influenzae and so on.) Infection
due to gram negative bacilli is relatively rare. The slinical
pleture is variable. A large portion of these children often
exhibits pneumonitls, meningltlis and sepsis. However, otitis,
sinmusitis are nmore frequent. The gamma globulin level in blood
of the normal healthy human being is approximately 0.6-1.5 g/dl,
but in this comdiition, it is extremely low.; 0.05-0.15 g/dl
or lower. The reason of gammaglobulin reduction is due to
8 reduced or non-production of gamma~-globulin despite antigen
stimulation. However, the delayed type hypersensitivity is
often maintained well. TB%’ phenamenan,;s demonstrated by
2«4 dinitrofluorobenzene, tuberculin,' * and histroplasmin.78
The case reported by Alya,’l Pedlatrics Department, Kyushu

University Hospital showed a definite BCG changs to the posli-
tivity.

2. Acquired agammaglobulinemia

This conditlon appears in both sexes, The primary
symptom manifested as infection is seen from children to
adulthood. The acquired type lg eilther spontaneous or secondary
ops aocquired afver lymphatic gramulcma or other tumor,

Conicerning sex or age, it 1s different from the
ocongenital type, but in both types, repetition of infection
and the common type of the causative organism are observed.
Pneumonitis is most common, while encephalitis, sprue~llke
syndrome and wloerative colitis has been reported. In most
cases, the onset of infeotion is at the age of seventeen to
fifty rour years old. One of the acquired type reported is
agammaglobulinemia accompanied by the tumor of thymus gland .80
This condition is interesting because thymus gland may play
an important role in mechanism of immunization. However, it
is too extensive a subject to by discussed in this short
paragraph. Therefore, Miller's genorsl review about this
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subjec must be read by those who are interested.

3. Transient hyporammaglobulinemia

In the latter period of pregnancy, gammaglobulin of
the mother 1s transmitted to the foetus through the placenta.
It is interesting to know a percentage of transmission of gamma-
globulin through placenta is about the same as albumi’. which
molecular weight ég far smalier than globulin, and 1s better
than transferrin. In a newborn baby, gammaglobulin is not
produced and only the destructive process of gammaglobulin is
being undertaken. Consequently., when the initiation of the
production of gammaglobulin 1is delayed in newbern baby, gamma=
globulin concentration in blcod declines continuously. This
is called transient hypogammaglobulinemia. Therefore, by
affecting infection, a severe illness 1s inevitably followed
in this condition. However, hypogammaglobulinemia in a new-
born period is generally transient. As soon &8s a production
of gammaglobulin is initiated, its blood concentration begins
%o increase,

It is known that the gammaglobulin-producing cells
(plasma cells) are deficit in the lymph noge.sgpleen ard bone
marrow of the agammaglobulinemic patients.S3= Thersfore, it
had been thought that no antibody was produced in this condi-
tion, no matter hog,much stimulation was given to the body.
Recetly, Pudenberg®’ presented a radically different view,
Acoording to him, agammaglobulinemia is not produced dbecause of
genetioc defect in lymphatic or plasma cell system but bacause
of genstio defect of gammaglobulin. He postulated also that
the developmental differentistion from lymphatic cell to plasma
cell is not always necessary for a production of the antibody.
instead, 1t should have been considered as an accompanying
phenomernon when antibody was produced, rather.

Should a morphological change of those cells after the
antigen stimulation be considered to be the mere accompanying
phenomenon, while gamma globulin (antibody) is in a process of
produotion, the incomplete production of polypeptide chain of
immunoglobulin would be the primary cause of agammaglobulinemia.

Such & possibility would be as follows:
a. The unexpécted nutation of regulatoxr gene fool
whioch controls the produstion of polypeptide chain of immuno-
globulin.

b. A loas of multiplication of genstic substance
as & result of unequal orossing of ochromcsome which gene con-
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trols the structure of gamma globulin at the developnental
differentiation of oell.

S. The unexpected mutation of the gene which con-
trols the structure of i~munoglobulin itgelf.

In order to prove the abcve mentioned hypothesis, the
antlgens consisted of the diptheria toxoid, tetanus toxoid,
typhoid antigen were injected to the five agammaglobulin cases
and one hundred normal human beings, then their sampled
leucooytes were sculturs in visro. When stimulated by the
antigen, the developmental differentiation from iymphatic cells
to plasma cella, followed by the production of gammaglobulin
were observed in the normal group, but not in the agamma-
globulinemic group. Especially when Streptomycin O was added
to the culture media, the production of antibody, enlargement
of lymphatic cell ar development of plasma cell were seen in
all the normal group., but not at all in the agammaglobulinemia
group. Furthermore, when Streptomyocin S, phytochemagglutinin,
&8 a non specifioc antigen stimulant, were added to the culture
msdia, “he enlargement of lymphatic ocell and the development
of plasma cell were observed in both groups while RENA ard three
different kinds of immunoglobulin were produced only in the
normal group. In the agammaglobulinemisa group, no producstion
of gammaglodbulin was observed.

From the findings mentioned above, Pudenberg made
hypothesus that this condition was created not becsuse the
body was umable to respond to the specific stimuli due to the
lack of plasma cells, btut becsuse tne plasm> sells were lack-
ing due to the irresponiibility of the stimuli. He also
numerated the possible otilog'zss to produce the genetic defeot
of the polypeptide ohain of irmunoglobulin as follows.

a. When oxtremely small amount of & sultable
M-RRA is produced.

b. Appearance of ZARNA which can not acospt the
ocode of normal gammaglobulin production.

0., Appearance of incomplete 7“RNA such as the one
whioh may combine or interfers with the ribosome partiocipating
in the production of various polypeptides of gaamaglobulin.

Eis view including his morphological cbservation has

been oriticized, neverthelass, his hypothesis is considered
worthy to mention.
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B. Heavy chain disease

In 1963, Franklin et al, reported gge case With gener- :
alized proliferation of lymphatic tissue,

Ninety percent of
his serur protein was occuplied by the beta and gamma globulin

fractions. At its highest peak, his serum protein was hcmo- :
genous and a large amount of his homogenous protein was ex=- s
creted in the urine. This protein in his blood and urine was :
non-identical and different from either I or II types which had

.
? beer oustomally used for the typing of immunoglobulin.B89=9 ’

Bowever, he reported that it was identical to Praction B
(Past Component, FC according to the new nomenclature95) which
1 ' was produced from 7-S-gamma globulin under papain treatment.

Pollowing the first case report made by Franklin,?®
Osserman, Takatsukl reported the additional four cases,§7 The
common olinical feature of these cases was the high sensitivity

to baoteriel infection because of the low titers of their
g various antibodies.

N OIHAVYD

\
\

A —~
m’t-;-' _“"‘ u -
B £3 T T

Pig. 2. Paper Electrophoretic Pattern of Serum

and Uring of H Chain Diseasze (from
Pranklin?®)

[DNA0Yd3EY 10

In order to underatand the basic prinoiple 05 the disg-
order ocalled Heavy ohain disease named by Franklin,’?® the
polypepti_ s chain structure of 7-S-gamma globulin must be wallth
spprehended. 7-S-gamma globulin 18 consisted of four poly-~
poeptide chains and & pair of each chain structure is 1dentica1txj
sach chain is oalled as H, L ohsins98 ws%ah ias equivalent to

A, B ohains mmed Ly Plelshman, Porter.. Its struoture aodel
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i is 11lustrated in Fig. 3, 4.69 in the right portion of Pig. 3. ;
p ( the sutmitted structure of gamma-2-globulin {ollowing being %
. digested by papain. As clearly seen in Pig. 3, L chain is not
: inocluded in F component at all and Franklin reported lately that
the abnorasl protein found in blood, urine of heavy chain
disease wag olosely related to F component rather than B chain.
. Az mentioned above, the all five Heavy chain diseases cases ;
: exoept omo revealed weak resistances to bacterial infection and 2
} had been suffered from pneumonitis repeatedly. _';
m«- 00) (mu» . m %0) ‘ uu-) ' © e
¢ i Mhl reduction Iﬂl!nh\
| omemy mhm:n\ / "
T TS
(10.008)

"'"/‘ "«:.'.“,............., .
& "nr ny Ny .;——‘l ) ?
, E = _
it g @._ e h
‘ %7 »r (.609) 1
A b BIIS ..... S |
Fig. 3. Chemical amd Erzymatio ngtructicn of alpha~ .
‘ 2~globulin (from Echelma
i

Pig. &, 1 Model of alpm-2-globulin (from 1

Rieimartd)

, Comment: 1. Site: Combining site E

\ N 2. A numdber of 88 linkamges which oonneots ;

SR H ohains 13 used to be thought three
; , but Hesonoff st al ocorrested it fs a 100 101
; single intershain amd two mu'nohuns )
- C =18 - 3




In order to evaluate the productivity of antiboedy in
H chain disease. Franklin investigated the titers of the blood
antlbodies after these patients were immunized by the potent
polyvalent pneumococcal polysaccharjde, a booster with diptheria
toxoid and PX 174 bacteriophage.9® According to his study,
omly a trace of antibody agalnst the pneumoccoccal polysaccha=-
ride was less than 1% of that seen normally. While a fair
amount of antibody was produced to the diptheria toxoid, the
studles of the fractlons obtalned by the starch block electro-
phoresis of the patient's serum showed that the antibody re-~
sided not with the abnormal protein, but with the normal gamma
globulin which normally existed in the serum in trace. Simi-~
lar attempt to isolate the antibody te IX 174 bacteriophage
failed to recover the antibody activity due to the small
amount presented. The patient reported by him had Type A
blood, but the antli B isocagglutinin titer of his blood was
recognized only in the undiluted serum. Judging from the
observation made above, 1t is clear that the abnormal protein
in a certain stage of the diseace does not hardly possess the
antibody activity though its nmobility is situated between the
beta and gamma globulin in its electrophoretic pattern.

The moleocular weight of the abnormal protein mentioned
above is 49,000-55.C00 (average 51,000) and its precipitation
constant is 3.55. It is 2~cated between beta and gamma
globulin glectrophoretically. It 1s well known that it con-
tains_higher amount of carbohydrate than 7-3 gamma globulin |
does.102" Purthermore, its reaction to heat coagulation is ‘
different from Bence Jones protein,

It should be quite interesting to know how H, L chains
of immunoglobulin are produced or combined in the gamma globulin
producing cell. Bernier labelled the anti-serum both to the
Bence Jones protein and to the abnormal protein found in the
urine of heavy chain disease which antigen type was_d4ifferent
from the former with the double fluoresence method.103 After
the labelling. the reactions of these antiserum to the human
spleen and lymph node specimens were observed., According to
his study, the cells were classified to these which produce
LI Chein only, L II chain only. H chain only. both Hand L I
chains and H and L II chains. Howcver, the cells produsing
H chain only were only 5% of the total in his observation of
which series did not contain myeloma or Waldenstronm's
pacroglobulinemia.

In heavy chain disease, it is likely that heavy ochain
producing celis grow abnorrally, as & result, & large amount
of H chain was produced., but excreted in urine because of
the inavailability of L chain. It 13 guite significant te
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know that the study of Heavy chain disease may settle the
duscussion about the combining site of gamma globulin.

CONCLUSION

Despite the faot that the changes of plasma proteins
in several disease have been investigated for several years,
its essential understanding is not thoroughly apprehended yet
ag Williams pointed out. Its change at infection is also without
exceptions. The future progress in this particular fleld is
to be expected.

For the sake of economy of space, some of the facels of
this probelm were not discussed in this brief survey. The
authors must leave it to the next opportunity.
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