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SUMMARY D'or, ,^. in th* harel^ of coinpl, mont (C') and th, f. u, th cornp. nantof complement (C'4) were occasionally found in the serum of patients with
various diseases, especially with chronic myelogenous leukemia and liver cirrhosis.
Namely, decreased levels of C' and C'4 were not found consistently in any particular
diseases but were sometimes found in various diseases due to some unknown process
of that disease.

A highly elevated C'41evel of about 8 times the normal C'41evel, was found in a
patient who was diagnosed as having Bence lones type myeloma.

The results failed to show any relationship between the serum C' or C'41evel and
various laboratory findings in the patients. However, laboratory findings showed
that factors such as the red cell count, white cell count, platelet count, I-globulin
content in serum and icteric index definitely have no influence on the C' and C'4
levels in the serum.

Passage of C'4 from the blood to various body fluids and its excretion in proteinuria
were noted. The amount of C'4 excreted in the urine in some patients was nearI
equal to the C'41evel in the serum, although the latter was maintained at the normal
level. It was suggested from these results that in these patients C'4 was produced
enough to make up for the excreted C'4 in the urine.

The significance of the diminution in the levels of C' and C'4 in various diseases
in which the process of immunity may participate in their pathogenesis was dis-
cussed.

* Parts of this work were reported at the 1st Sym-
POSium on Complement in August 1964 at Hakone,
Japan, and at the 2nd Symposium on Complement

Hiroshima

in June at Kobe, Japan, and at the 15th Annual
Meeting of the Japanese Society of Allergy in
October 1965 at Tokyo
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INTRODUCTION

The relationship between serum complement
levels and various diseases have been studied

extensively by many investigators, and excel-
lent reviews of these studies have been given by
OSLER (1961) and LACHMANN (1962). How-
ever, only a few studies have been made on the
changes of components of complement in dis-
ease (LANCE and \\'ENK, 1954). Moreover,
classical R-reagents were used by previous in-
vestigators for the estimation of components

Theof complement in whole
adequacy of R-reagents for estimation of coin-
ponents has been realized, since recent studies
on the separation of components of C' and on
the mechanism of immune hemolysis revealed
the possible existence of eight or more coinpo-
nents of human complement and the necessity
to use cellular intermediates for the estimation

of components of complement. The second
component of guinea pig C' was first estimated
with cellular Intermediate by BORsos, RAPP,
and ATAYER (1961), and estimation of the coin-
ponents of guinea pig and human complement
with cellular intermediates was developed by
several investigators (BORsos and RAPP, 1963,
HOFFMANN, 1960, INAi at a1. , 1964, AUSTEN
and BEER, 1964). As reported in the previous
paper (IANi at at. , 1963) diminution of the C'
level was found in a patient with chronic
myelogehous leukemia, and it was found that
the diminution of C' was due to reduction of

hydrazine sensitive components of complement.
A remarkably low C'4 activity in this serum
was confirmed by estimation of C'4 with cel-
Iular intermediates (INAi at a/., 1964).

The present studies were on whether diminu-
tion of C' and C'4 activities occurs in other

Ieukemic patients and in patients with other
diseases.

This paper reports results of estimations of
complement levels and C'4 levels in

631 samples from 296 with various

diseases and studies on the possible roles of
several factors in the changes in the C' and C'4
levels.

MATERIALS AND METHODS

I. Sheep eryth, DCytes (E), am 60ceptor (4) a"d sens, '-
t'sed sheep erythrocytes (E, )

Sheep erythrocytes were preserved at 4'C with an
equal volume of AISever's solution. Before use, ery-
throcytes \\. ere washed twice with physiological saline
and once with buffer and standardized to a concentra-

tion of I xiO' cells per inI
Antibody against boiled sheep erythrocyte stromata

was prepared according to the method of KABAT and
MAYER (1961)

Standardized sheep erythrocyte suspension was
allowed to react \\, itIT an equal \, o1ume of I : 300 anti-
body, for 10 minutes at 37*C

serum. In-

2. Din, e, its

Isotonic saline veronal gelatin (to 0.19j) buffer of
0.15 ionic strength containing Mg" (to 5.0 x 10~' M)
and Ca" (to 1.5 xiO~' itI) is referred to as Sot
Isotonic saline sucrose veronal gelatin (to 0.1%)
buffers of 0.09 ionic strength containing Mg" (to
5.0xlO~'M) and!or Ca" (to 1.5xlO~'itI) are re-
forred to as S, : or S, t. EDTA vetonal buffer was
prepared by diluting 0.30 M EDTA ten fold with
isotonic saline \, eronal gelatin (to 0.1%) buffer with-
out added Ca" or Mgz+

serum

3. Mate, Iais101 t, 'trot, 'on of the first andjo"ith COM-
PDMe, ,ts of copyip/e, ,, e, it

Sera of patients and their synovial fluid, cerebro-
spinal fluid, ascites, pleural effusion, saliva, breast
milk and urine specimen were used for titration of C'
and its components

Almost all the Ieukemic patients \\. ho entered the
Hiroshima Atomic Bomb Hospital and Research
Institute for Nuclear Medicine and Biology, Hiro-
shima University from March, 1964 to August, 1965
were used in this work

The sera of these patients \\, ere separated and fro-
zen in ampules and transported to Osaka. Titra-
tion of C' and its components in these sera were done
as soon afterwards as possible at the Center for Adult
Diseases

About half the Ieukemic patients and all the pa-
tients with other diseases, who \\, ere selected at
random for this work entered the hospital of the
Center for Adult Diseases, Osaka

Urine specimens were assayed on the day of collec-
tion, but other materials were used on the same day
or stored at -20'C or -70'C before use
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4. EA sellsi'triged forth the first copy!POWe, it of trill'"err pig
Coll4ple"!e, !t (EAC'I), FA sells, I^^ed re^'ill tilej7rst ONd
10/11'tl! cor, ,poite, its of gill, led PI^ coinp/elite"t (FAG'I, 4)
and EH se"$1 triged turf/, tile folly!/! '01/1po"e, ,t of gill}, err
pig copyip/e, ,!errt (E, 40'4)

These cellular intermediates \\. ere prepared as de-
scribed in the previous paper (NAGAKi at o1. , 1965)

5. Titration of the firsi alld JOUJIh co, ,!PDMe"is of
hit?"all copyip/e", e, it

Titration of C'I and C'4 \\. ere done by the method
described in the previous paper (NAGAKi at a1. , 1965)
w. itIT slight modifications. After 60 minutes' incuba-
tion at 37'C with C'-EDTA. alltubes received 4.5 inI
of cold 0.15 xi NaCl. Then the contents \\, CTe mixed

and centrifuged. The supernatant fluids were aria-
Iysed for their oxyhemoglobin content at a \\, ave
Iengtl\ of 414 init in a Hitacl, I spectrophotometer
using a cuvette of I cm light path. The normal C'4
levels of 541Tuman sera ranged from 3 xiO" to 20
XiO" efT. ino1. per inI (mealt. 9.91 xiO" elf. in o1
per inI)

6. Titr@t, 'o71 of colliple"!e, ,t

Complement was titrated as described in the pre-
vious paper (NAGAKi at a/., 1965). The normal coin-
PIement levels of 65 human sera ranged between 70
and 110 C'H50 (in. "n, 84.2 C'H50). On titration of
complement in normal human sera, the mean value
of 11n, the magnitude of the exponent of von Krogh's
equation, was 0210 and the standard deviation was
0018

RESULTS

I. C'@"d C'4 100e/s t'?! Dai'1'0"s of, teases

I) Lei, he"lid a, !d other datedses of hemato-
pozetzc organs

In chronic lymphocytic and myelogenous
leukemia and in monocytic leukemia, C' levels
have been reported as normal or elevated
(BALTCH at a/., 1960). However, in his study,
no serial estimations of C' activity or it's coin-
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ponents were made during the courses of the
diseases.

As described in the previous paper (INAi at
a/., 1963), the C' and C'41evels of a patient with
chronic myelogenous leukemia were successive~
Iy estimated during the clinical course of the
disease, and it was found that the C' and C'4 ac-
tivities fluctuated from zero to the normal

These diminutions of C' and C'41evelsrange.

were followed by marked increase in the white
cell count. When the increase in the white

cell count ceased, the C' and C'4 activities were

restored. Accordingly, the C' and C'4 levels
of the sera of the patients were estimated at
intervals to see whether a similar phenomenon
occurred in other Ieukemic patients and in
patients with diseases of hematopoietic organs.
The C' and C'4 levels in 86 patients with
various diseases of hematopoietic organs are
summarized in Fig. it and Ib. The subjects
includes 31 cases of chronic myelogenous
leukemia, 20 cases of acute and subacute mye-
logenous leukemia, 5 cases of other leukemias
and 26 cases of other diseases of hematopoietic
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FIGURE Ib Serum C'41evels of normal subjects and patients with various diseases of hematopoietic organs
I) Includes 4 cases of acute lymphocytic leukemia and one case of monocyticleukemia
2) Includes 3 cases of Banti's disease, 7 cases of aplastic anemia, 3 cases of congenital hemolytic anemia, 2 cases

of polycytemia veta 2 cases of myelofibrosis and 9 cases with Inis cellaneous diseases of hematopoietic organs

This indicates the C' or C'41evel of two or more serum specimens from a patient
The arrow indicates C' or C'41evels below the lowest unit plotted in the figure

^ The number of arrows indicates tl\e number of serum specimens of the patient which showed C' or
C'41evels below the lowest unit plotted in the figure
The number noted under the arrowindicates the number of serum specimens of a patient which showed
C' or C'41evels below the lowest unit plotted in the figure.(4)

Th"se symbols will be used in the following Figu"es (8a, 8b, 13a, 13b, 17, and 17b)

5 16

. . 81 ...^, At, ,: ^,. j^^.,

26

. ^^ .

-.^.

58

I O"

^

~- ^.

.

C' 4 eff. moilml

.

.

. .
.

68

,-..

...

BIKEN JOURNAL V01. 10, No. 2 1967

..
.

^.

.. co
.

^-,^
co^.

,^-.

.

.-.

.

. ..

.

o0^

.

o. 0^
.. . ... . .



organs.
Serial determinations of C' and C'4 were

carried out in 51 of these 86 patients. As
shown in Fig. I, most of the C' and C'+ levels
measured in these 86 patients were within the
normal'range, but wide fluctuations in the levels
of C' and C'4 were observed in several cases,
especially in cases of chronic myelogenous
leukemia. These fluctuations of C' and C'4

were also observed in patients with other forms
of leukemia.

Among patients with other diseases of hema-
topoietic organs, considerable fluctuations of
both the C' and C'4 level were found in only
one case of congenital hemolytic anemia. A
decrease in C'4 activity was also found in a
case of myelofibrosis and in a case of ITemolytic
anemia, but in these cases the C' levels were
almost normal. Remarkable decreases in the

hemoglobin content of the blood were found
in several cases of aplastic anemia, and in-
creased contents \\, erc found in 3 cases of poly-
cythemia vera, but the C' and C'4 levels of
these patients were almost normal. This result
shows that there is no relationship between the
C' or C'4 levels and the ITemoglobin content

of the blood.

Detailed findings on the clinical course of
the interesting cases in this group and their C'
and C'4 levels \\, ere as follows.

T. T. chrO"EC 7101e/oge"DNS Ie!!helmh
This 33-year-old male had heelT exposed to

the atomic bomb at Nagasaki. In April, 1963
he was admitted to another hospital and diag-
nosed as having chronic myelogenous Ieuke-

In I\lay, 1964 he \\, as transferred to
Hiroshima Atomic Bomb Hospital. At that
time the spleen was palpable for 3 finger-
breadths below the left costal margin.

Hematologicalfindings: red blood cellcount
430 x 10', ham, gl, bi" 907. (S, hli), pintol. t
count 240,800, white cell count 14,100, with
170 promyelocytes, 2y, myelocytes, 789'0 neu-
trophils, I% eosinophils, 17, hasophils, 59',
monocytes and 129', lymphocytes. Both the
C' and C'41evels in his serum were moderately
decreased to 46.5 C'H50 and 0.85 x 10'2 eff.

in o1. per inI, respectively.
As illustrated in Fig. 2, after June 10 his

white cell count increased gradually and reach-
ed a maximum of 143,000 on June 27. Dif-
forential count was 1.51', myeloblasts, 596
promyelocytes, 1,570 myelocytes, 370 meta-
myelocytes, 71.59", neutrophils, 3.57, eosino-
phils, TV, monocyt, s and 7.59', lymphocytes.
The spleen enlarged gradually and \\, as pal-
pable for 5 finger-breadths below the left costal
margin on June 27. Six ing of myIeran were
given daily and the white cell count decreased
to 10,000 on July 12. The C'41eve1 o1t both
June 16 and 24 was almost zero and the C'
levels of these specimens \\, ere very low. But
on August 12 his C'4 level had increased to
0.99 x 10L2 elf. ino1. per inI.
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FIGURE 2 Decrease in serum C' and C'4 levels in
relation to increase in white cell count in case T. T

with chronic myelogenous leukemia
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He was the second case of a Ieukemic pa-
tient in whom the fluctuation of C' and C'+

levels seemed to have some correlation with

the white cell count. Decreases in C' and C'+

levels were also observed in other cases with

various leukemias, but these decreases were not
correlated with the changes in the white cell
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count.

Marked increase in the white cell count was

observed in the two cases of chronic myelogc-
nous leukemia described below, but their C'4
levels were maintained within the normal

range.

M. M. chro"IC "!ye/oge"0"s Irukemz'a
This patient was the first case observed

whose C'41evels repeatedly decreased to almost
She was readmitted to this hospital,

because of high fever and aggravation of her
hemogram. She was retreated with myIeran,
6 MP, and received a blood transfusion. Clini-
cal signs improved for a while, but soon after
became worse and her white cell count in-

creased rapidly. My Ieran was stopped and
prednisolone, nitromine and my tomycin were
given, but on December I, 1963 she died. As
demonstrated in Fig. 3, during this last period,
in spite of significant fluctuation of the white

zero.

cell count, the C' and C'4 levels were not
fluctuated. The most remarkable difference

between the hematological findings on the last
and first admissions was in the differential

count, i. e. , 85 to 95 per cent of myeloblasts
were counted on the last admission, but on the
first admission only 5 to 10 per cent of myelo-
blasts were found

Blood transfusion E-^=
80mg 60mglOOmg

My Ieran 12^;^

6MP

KM. chi, on a'c ,"ye/oge"oars Iruhem, '@
This patient was diagnosed as having chronic

myelogenous leukemia in 1960, and was ad-
mitted to the hospital of the Research Institute
for Nudear Medicine and Biology, Hiroshima
University from 1960 to 1962. In 1963 he
was readmitted to this hospital for two months.
The third admission to this hospital was in
May, 1965. As shown in Fig. 4, from August
9 to 23, his white cell count was within the
normal range. But after this period his white
cell count increased marked Iy and reached
185,500 on September 18. At that time, his
differential count showed 47% myeloblasts,
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FIGURE 3 Serum C' and C'41evels and changes in
white cell count of case MM. with chronic mye-
logenous leukemia in her terminal stage
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3,570 promyelocytes, 0.59t myelocytes, 296
metamyelocytes, 770 neutrophils, 270 hasophils,
1470 lymphocytes and 249', unclassified mono-
cyte-like cells. During this period his C' levels
were slightly reduced but no decrease in the
C'41evel was recognized

The reasons why a decrease in the C'4 level
did not occur in these two cases is unknown.

However, it is noteworthy that the investiga-
tions on the relationship between the changes
in white cell count and serum C'4 levels were

made during the terminal stages of the diseases.
The increase in the proportion of myeloblasts
was a remarkable common feature of the hema-

to logical findings in these two cases.
In cases of acute myelogenous leukemia, a

marked increase in the white cell count was

also observed, but the C'4 levels \\, ere main-
tained \\, ithin the normal range. And in these

the of jin-proportioncases an Increase In

mature Ieukemic cells was also recognized.
NAGAKT at a/. (1965) reported that C'4 ac-

tivity was detectable in extracts of guinea pig
and human platelets, but not in extracts of

leucocytes. It \\, as also found that these C'+
activities of platelets are too small to in fluencc
the C'41evels in the serum. This conclusion

was supported by the platelet counts and C'4
levels in the next two cases.

MAI. chronic 7101e/oge"ows Ie"hell!I'd
As shown in Fig. 5, the platelet count of this

54-year-old female \\, as always more than 820, -
000 and it reached more than 2,000,000 on
April 21 and remained this level for about a
month. But the C'4 levels remained in thc

normal range during ITer clinical course.

Y. S. chronic 710, e/o0e, lolls Ie"hewn a

As shown in Fig. 6, a marked thromboc}. to-
perila \\, as observed in a 21-year-old male \\. ith
chronic myelogenous leukemia. His plateICt
count \\, as less Ihai\ 4,000 o11 A1arch 12,1964,
and did not increase above 5,000 for two
months. So serial platelet transfusions \\, CTC

Three successive measurements of hisgiven.

C'41evels made over a period of two months
were almost normal
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FIGURE 5 Serum C' and C'4 levels and platelet
counts of case M. N. with chronic myelogenous Ieu-
kernia
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Conspicuous splenomegaly was one of the
common features of the above two cases of

chronic myelogenous leukemia with C' and C'4
levels of almost zero. Accordingly, it was
thought that splenomegaly might have some
relation with the C'41evel in the serum. It has

been reported by ROTiN0 (1959) that the C'
levels in patients with Hodgkin's disease, who
had had splenectomy, were low or normal, but
that the C' levels of guinea pig serum, rose
after splenectomy. with regard to the rela-
tion between splenectomy and the C' level, we
observed two interesting cases with spleno-
megaly. The one had congenital hemolytic
anemia and the other Banti's disease. Their

C' and C'4 levels increased moderately after
splenectomy.

As shown in Fig. 7, the C' and C'41evels of
a 20-year-old male with Banti's disease were
52.1 C'H50 and 3.98 x10T2 elf. ino1. per inI on
March 16, and he was splenectomized on
March 20. On April 2, his C' and C'4 levels
increased to 115.2 C'H50 and 13.9x1012 Gif.

ino1. per inI, respectively. Various grades of

splenomegaly were observed in patients with
leukemia and other diseases, but their C' and
C'41evels were usually within the normal range.

Therefore, the results indicate that in some
patients marked splenomegaly seemed to have
some influence on the serum C' and C'41evels,
but splenomegaly may not be the cause of the
decrease in the C' and C'41evels.

2) Lzber Drteases

Reduction of the serum complement level
in liver diseases was reported by JORDAN (1953)
and MANDEL (1955). RICE (1954) succeeded
in reducing the complement levels of guinea
pigs by experimental liver damage. The coin-
PIement and C'41evels of patients with various
liver diseases are summarized in Fig. 8a and
8b. The C' and C'41evels of 5 of 7 cases of

acute hepatitis were within the normal range.
However, both the C' and C'4 activity in one
case was slightly below the normal range, and
the C'4 level in another case was moderately
reduced. Among 14 cases with chronic hepa-
titis, the C' levels of 5 cases and the C'41evels of

6 cases were below the normal limit. Signifi-
cant fluctuation of the C'41evel was observed in

a case with Iupoid hepatitis. The C' and C'4
levels of 69 serum specimens from 30 patients
with liver cirrhosis were estimated. A1arkedly
low C' and C'41evels were observed in repeated
estimations on three cases of liver cirrhosis.

In several patients with liver cirrhosis, either
the C' or C'4 level, or both fluctuated signifi-
cantly. The clinical course and C' and C'4
levels of these patients are described below.

10"
E
.\

o
E

~-

~-

co

Splenectomy

I "

<.
\

o
10"

FIX

I
I

I

I

' I

II
;'!
I I

150

10"

FIGURE 7 Elevation of serum C' and C'41evels after
splenectomy in case K. H. with Banti's disease.
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K. K. Licer cz7rhosis and dthbetes men^tars

A 57-year-old female entered the hospital
because of confusion. For 3 years before ad-
mission she was treated for diabetes mellitus

with BZ 55. About one year before admission
she was diagnosed as having liver cirrhosis. At
that time her C' and C'4 levels were zero.

Subsequently she had been treated by the
family doctor, but disturbance of consciousness
developed gradually for 3 months before
admission to hospital. Laboratory findings



showed total protein 6.4 gjd1, 387, albumin,
62% gl. bulin with 37, or, -, 67. or, -, 7% 11, -,
9% 13, - and 377, j. -globulin. Kunk. I rest,
26 u; thymol turbidity test, 10 u; CCF\{

acute hapatitis
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20 Oq
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.

in 24 hours; cobalt reaction, R I I; alkaline
phosphatase, 3.0 u; SGPT, 21 u; total choles-
te". I, 170 ingjdl; hating gluc. ^,, 217 ingjdl;
NH, , 300 incgldl; nitrogen, 10 rugldl
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FIGURE 8a Serum C' levels of patients with various liver diseases
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C' and C'4 levels showing continuous low level in
case K. K. with liver cirrhosis
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As shown in Fig. 9, fructose transfusion with
several vitamines and insulin were administered

daily, and after one month the blood NH, level
decreased gradually and
recovered completely. Despite improvement
of the general condition, the liver function test
and serum protein pattern did not improve, and
the C' and C'41evels also remained almost zero.

Therefore, reduction of the C'4 activity in the
serum of this patient may not be due to ac-
cumulation of NH in the blood. After ward

her C'4 level gradually increased to 00066
XIO" efT. ino1. per inI on July I, 1966, and
0,075 x 10" elf. in o1. per inI on September 2.
C' was not detectable in these samples.

Y. S. Liner cirrhos, 's

A 52-year-old male entered the hospital on
November, 1965, because of abdominal dis-
tension and nasal bleeding. About 3 years
before admission he was diagnosed as having
liver cirrhosis by the family doctor and had
been treated for this for a while, though later
treatment was discontinued. Laboratory find-
ings showed total protein, 7.6 gldl with 4570
albumin, 37, at, -, 6% ",-, 7% I;,-, 97,11*- and
309'0 r-globulin; Kunkel test, 22 u; CCF\{
in 24 hours; cobalt reaction, R, ; BSP reten-
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FIGURE 10 Recovery of serum C' and C'41evels in
case Y. S. with liver cirrhosis
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tion, 359', after 45 min. ; SGOT, 185 u;
SGPT, 107 u; alkaline phosphatase, 4.1 u;
and NH3, 195 incgldl. Transfusion of glu-
cose solution and vitamines, and trichlo-
Tmethiazide (6 ing) was continued for one
month. His physical symptoms and general
condition improved and he was discharged
on December 11,1965. As shown in Fig. 10,
significantly low levels of C'4 were found in
determinations at intervals during his period
in hospital. After discharge his C'4 level re-
turned to normal but there was no remarkable

improvement in laboratory findings.
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The data on these two cases suggest that the
C'41evels of patients might return to the normal
level following improvement in their general
condition, but there was no direct correlation
between the C'41evels and the results of various
liver function tests.

The relationship between the amount of
each globulin fraction of serum and the C' or
C'4 levels was investigated, since hyperglobu-
linemia is generally found in chronic liver dis-
ease and in the acute stage of collagen diseases.
The relation between the amount of serum I-
globulin and the C' or C'41evel in the sera of
patients with various diseases is illustrated in
Fig. 11a and 11b. As shown in this figure
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normal C'4 activities were found not only in
hypo r-globulinemia, 0.5 gldl, but also in
hyper I-globulinemia, 4.45 gldl. Namely, as
described below, the C' and C'41evels in some
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and serum C'41evej. *

* Sera in whiclt ICteric indices are lower than 10
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patients with IgG-myeloma who had hyper
I-globulinemia were rather high. In patients
with protein losing enteropathy or with ne-
phrotic syndrome, with extreme hypo 7-globu-
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linemia, the C' or C'41evels were almost nor-
in al. A number of very low C'4 levels were
found in sera of patients with normal I-
globulin level.

autoimmune diseases
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collagen diseases
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The relationship between C' or C'4 levels
and the icteric index of the serum of patients
who showed various grades of icterus is shown
in Fig. 12a and 12b. It is apparent from this
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FIGURE 13a Serum C' levels of patients with collagen disease, rheumatic fever, autoimmune disease, malignant
neoplasm and paraproteinemia
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figure that various C'4 activities \\, ere titrated
in the serum of patients with a low icteric in-
dex, and C'4 activities in three serum speci-
mens with a high icteric index of more than
90 were within the normal range. Therefore,
it seems that there is no relationship between
C' or C'4 and the icteric index.

3) Antoim?, rune d!teases, rhewmntz'clear, . a"of
collage?, ditenses

The data of patients included in this sec-
tion are summarized in Fig. 3a and 3b. Four
cases of autoimmune diseases including 3 cases
of myasthenia gravis and one case of Hashi-
inoto s disease were Investigated.

A patient with Hashimoto's disease showed
a C' level of zero and a C'41evel of 0,0135 x

1012 efT. in o1. per inI. At this time, total pro-
teln was 10.4 gldl with 467, albumin, 37, or"-
8% ",,- 77, A, - 8% 11, - and 287, j. -gl. bulln.
Tmmunoelectrophoretic analysis showed in-
crease of three immunoglobulins. 1< unkel test,
22 u; cobalt reaction, R, ; BSP retention, 1770
in 45 min. ; SCOT, 12 u; SGPT, 37 u; and
total cholesterol, 270 ingjdl. She was not
treated and her conditioiT remained unchanged
for a while. But four days later, the C' and
C'41evels rose to 40.3 C'H50 and 0.6 x 1012 efT.
in o1. per inI, respectively. The course of this
patient was not followed. The C' and C'4
levels of other patients in this group were
within the normal range.

The serum C' and C'41evels of three cases
witlT rheumatic fever were almost all within the
normal range.

The C' and C'4 levels of 35 patients with
collagen disease including rheumatoid arthritis,
systemic lupus erythematosus (S. L. E. ), peri-

arteritis nodosa, scleroderma, primary chronic
diffuse pulmonary fibrosis, etc. varied widely.
The course of an interesting case of systemic
lupus erythematosus, who showed significant
fluctuation of the C'41evel, is described below.

A. Y. Syste, "IC lupus erythematos"s
This patient, a 35-year-old female, was ad-

mitted to the hospital on September 6, 1964
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FIGURE 14 Fluctuation of serum C' and C'41evels
and of CRP in case A. Y. witlT systemic lupus ery-
them at DSUs
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because of fever of 2 months' duration, facial
erythema, polyserositis, multiple joint pains
and albuminuria. She was diagnosed as having
SL. E. , though repeated L-E cell preparations
and L-E tests were ITegative. Her clinical
data were CRP 5+; RAt; total protein,
6.1 gjdl with 327, albumin, 6% ",,- 12% or, -
12% I, ,-4% ,,-and 34% 7-gl. bulin. Th.
ESR was 64 mm in one hour. As illustrated

in Fig. 14, at the time of admission, her C' and
C'4levels were very low. A dose of 40 ing of
prednisolone was given daily. The condition
of the patient gradually improved together with
increment of C' and C'41evels. On October

27, the dose of prednisolone was reduced to
10 ing. Two days later subfever developed
with a positive CRP and acceleration of the
ESR. The C'4 level decreased Butagain.

when the dose of prednisolone \\, as increased to
15 ing per day, the patient's condition improved
with a negative CRP and the C'4 level in-
creased.
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But one case with Wegener's granulomatosis
showed significant fluctuation of the C' and
C'4 levels which were not related to the pa-
tient's condition.

4) Neoplasms

NIOst of the 35 patients examined with in alig-
nant neoplasms had normal C' and C'41evels.
Only two cases showed significant fluctuation
of C' and C'41evels. Details of one of these
two cases are described below.

K. N. Sto, ,Iach c@"cer

As shown in Fig. 15, a 58-year-old male
was admitted to this hospital because of stom-
ach cancer on December 19, 1965. Labora-
tory findings at that time were normal. But
the C' and C'41evels of his serum, which were
determined three times before operation, were
markedIy low. On January 19,1966, gastrec-
tomy was performed, and he was transfused
with 2400 inI of whole blood during and after
the operation. On January 26, the C' and C'4
levels returned to normal, but both levels soon
decreased again and remained at a low level
thereafter. The only abnormal laboratory
findings after operation were slight increases in
12- and I-globulinin the serum. The C'Ilevel

of ITis serum was within the normal

throughout.

The C' and C'4 levels of a case with liver

cancer and possible liver cirrhosis were es-
timated 3 times in July 1965. The C' levels
In his sera were always below the normal range.
Marked diminution of the C'4 level was also
observed in these sera. Liver cirrhosis should
be taken into consideration more than liver

cancer as a cause of diminution of C' and C'4

levels in this patient.

5) Parajbrotez}reini@

In this group, 7 cases of IgG-myeloma, one
case of Bence lones type myeloma, one case
of macroglobulinemia and one case of hyper-
globulinemia of unknown etiology are included.

As indicated in Fig. 13, one case of IgG-
myeloma and one case of hyperglobulinemia
showed high C' and C'41evels. A surprisingIy
high level of serum C'4 was found in the pa-
tient who was diagnosed as having Bence lones
type myeloma.

The C'4 level of this patient was estimated
twice in January, 1967, and found to be 64.0
and 52.5 x lore elf. ino1. per inI, respectively.
Studies on the clinical course and the changes
in C'4 level of this patient are being followed.
However, a possible case of IgG-myeloma
showed low C' and C'41evels. Details of the

clinical course and C'4 levels of this patient
were as follows.
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FIGURE 15 Recovery of serum C' and C'41evels
after gastrectomy in case K. N. with gastric cancer
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T. M. Fossab/e ?"yelo, ,in
This 59-year-old male was admitted to the

hospital because of vague lumbago, generalized
edema and hypertension on February 18,1966.
Laboratory findings at the time of admission
showed ESR, 122 mm in one hour; hemo-
globin, 9.5 gjdl; hamat. wit, 29% ; whim
cell count, 6600 ; platelets, 208,000 ; and total
prot. in 5.3 gjdl with 37% albumin, 5% ",-,
13% ",-, 11% A, -, 67, ,,- and 287, in, ",-
CIO"alr-globulin. Serumimmunoelectrophore-
sis revealed marked increase of IgG and de-
crease of IgA and IgM. Analysis of urine

50
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FIGURE 16 Fluctuation of C' and C'41evels and the

course of case T. iVl. \\ith possible myeloma
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mination revealed generalized osteoporosis,
but no punched out lesions \\, ere seen.

As illustrated in Fig. 16, Ile was given en-
doxan, 100 ing, every day, but becasue of
nausea and poor appetite, this was replaced by
prednisolone on A1arch 10. The C' and C'4
levels were markedIy low during this period.
At the end of March, streptococcal septicemia
and pyothorax developed accompanied with
fever, chest pain and multiple Joint pains.
These were completely cured \\, ith antibiotics
almost a month later. During the active period
of sepsis, the C'41evel rose to normal, but fell
to the initial level at the time of recovery from
sepsis. At the end of April, 2,000 inI of blood
were transfused, and this was followed by in-
crease of the C' and C'41evels to the lower limit

of the normal range. This increase of C' and
C'41evels was transient and the levels gradually
dropped to the initial values, and these did not
respond to the second transfusion of 1,600 inI
of blood in the middle of Itine. He died on
July 19.

6) Kt'd?rey DJteases
The complement level in kidney diseases

has been thoroughly investigated by LANCE at

I

if

I

showed \ albumin. Microscopical analysis
showed rillmerous red cells and a few hyaline
and granular casts in a ITigh power field. The
test for Bence lones protein was negative.
Repeated bone marrow aspirations failed to
demonstrate myeloma cells. Bone X-ray exa-
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FIGURE 17b Serum C'41evels of patients with various kidney diseases
* Includes 3 cases of Kimmelstie!-Wilson's disease, 2 cases of uremia from nepltrosclerosis, one case of movable

kidney and one case of kidney tumor with hydronephrosis

at. (1960). They stated that C' levels were showcd normal levels. Detailed results of an

low in acute glomerulonephritis and in ne- interesting case with a nephrotic syndrome
phrosis. kiloreover, they reported that in whose C' and C'41evels fluctuated significantly
some cases of the nephrotic syndrome reduc- are described below and shown in Fig. 19.

activity in the serum could betion of C'4 In other kidney diseases, including 4 cases
demonstrated with R-reagent. In the present of Kimmelstiel-Wilson syndrome, the serum
work the C' and C'4 activities of 63 serum C'4 levels were normal but low C' levels were

specimens from 30 cases with various kidney estimated in some cases.

diseases were estimated. The results are LANCE and \VENK (1954) reported excretion
of C'4 in the urine in the nephrotic syndrome
as determined with R-reagent. It is possible
that excretion of some components of coinple-
merit may cause reduction of its components
and complement activity in the serum. There-
fore, the activities of C' and C'4 in the urine
of normal persons and of patients with various
diseases were estimated and the results are de-

scribed in the following section. The effect of
excretion of C'4 in the urine on the C' or C'4
levels in the serum was studied as shown in the

following case reports.

S. K. Chro"z'c glomerwlo"ephrzlz's
Twenty-four years prior to admission, this

54-year-old male had been treated for 3 months
for acute nephritis. For 6 months before
admission he had been treated by a physician

5 24

lore

7 14

. .

shown in Fig. 17a, b. Among 6 cases of acute
glomerulonephritis, reduction of C' and C'4
levels was found only in one case. The C' and
C'4 levels in a case with glomerulonephritis
were estimated twice successively soon after
the onset of her disease. Both activities were

within the normal range. The reason why no
reduction of C' was observed is not clear, but
might be because the symptoms were mild.
In chronic glomerulonephritis all cases had
normal C' and C'4 levels except one case in
whom both activities fluctuated significantly.
Details of the fluctuation of the C' and C'4
levels and the clinical course of this case are

described below, and shown in Fig. 18.
Among 5 cases of the nephrotic syndrome

3 cases showed low C' and C'41evels more than

once during their course, but the other cases
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because of edema and proteinuria, but as no
improvement was seen, he was admitted to the
hospital on June 16, 1965. On admission his
laboratory findings were as follows ; the urine
gave a \ test for protein, + test for sugar and
the sediment contained 30 red cells, 7 to 8 white
cells and a few Ityaline casts per high power
fold. Tatal p"orein w^^ 4.4 gldl; A1G, 0.69 ;
cobalt reaction, Ro ; total cholesterol, 316 ing!'
dl; fasting glucose, 80 rugldl; urea nitrogen,
21 ingldl; C", 7.1 ingjdl; N, , 142 inEq; K,
4.2 inEq and C1,115 inEq per I. Blood ex-
amination revealed that the red cell count was

298 xiO', hemoglobin, 9.5 gldl; color index,
1.0; hematocrit, 29% ; white cell count, 8,100
with normal differential; RFF, 142 inI; CFR,
19 in11min; F. F. , 0.14; FSF excretion in 15
min. , 7%. One hundred inI of plasmanate was
given daily, with a low salt diet. The C'4
levels in his serum and in urine were estimated

seven times. On July 13 and August 6 the
C'41evels in the serum were within the normal
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range, but the C'+ levels in other scrum speci-
mens were low.

There \\, as no relationship bet\\, eelT thesc
fluctuations in the C'4 level and his clinical
condition. The fluctuation of the C'4 level

in the serum and urine, and daily urine \, o1ume
are shown in Fig. 18. The daily urine volume
was relatively unchanged, and a remarkable
amount of C'4 was excreted continuously in the

A parallelism bet\\, een the fluctuation
in the C'4 level in the urine and that in the

serum was also observed. It is apparent that
the reduction of the C'+ level in the serum

might ITot be caused by excretion of C'4 in
the urine, because despite increase of C'4 ex-
CTetion in the urine its level in the serum was

elevated.

\
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urine.

An. 0. Nep/170tz'c syndrome

This 16-year-old girl was referred to us from
another hostpital on April24,1964. One year
before admission she had IToticed edema of the

lower extremities. This sign gradually In-
creased and in October 1963 she entered the

other hospital and was treated with several
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corticosteroids and diuretica. Her nephrotic
signs were not improved and Cushing's syn-
drome developed. Laboratory findings
admission are described below; serum total
p". rein 4.7 gldl, with 247, albumin, 67,
",-, 307, ",-, 157, A-,, 77, A, - and 18% ,,_
globuling; total cholesterol, 666 ingjdl; urine,
+H protein; + sugar; and O to I red cell, and
a few hyaline, and transitional cell casts per
high-power field. During stay in hospital the
serum C' and C'4 levels were measured at

intervals and the C'41evel in the urine was also

measured occasionally. Fig. 19 shows the C'
and C'4 levels in the serum, the urinary C'4
levels and the daily urine volumes from Sep-
ternber 16 to December 8,196+. During this
period her serum C'4 levels were below the
normal limit on October 19 and October 27,
1964. The urinary C'41evel was 2.92 x 10Ll
Gif. in o1. per inI on October 19. At that time
edema increased and betamethazone and diure-

tica were given. Thereafter, the daily urine
volume increased and edema decreased. On

November 10, the C'4 level in the urine in-
creased to 9.0 x 10T2 efT. ino1. per inI and the
total amount of C'4 excreted into the urine

reached 5,850 x 10" eff. in o1. per day.

on

these patients and the changes in the serum C'
and C'4 levels. It is quite possible that pas-
sage of C' and its components from circulating
blood into other tissues and the urine may in-
Huence the levels of serum C' or its components
very much. Therefore, the activities of C' and
its components in urine and various body fluids
were estimated.

I) Urine
As mentioned above, C'4 was excreted in the

urine of patients with various kidney diseases.
Accordingly, the C' C'I and C'4 activities and
the protein content of the urine of patients
who showed various degrees of proteinuria were
estimated. Urine specimens were centrifuged
at 3,000 rpm for 15 minutes, and the super-
nantants were used for these estimations. The

protein content was determined by Sueyoshi's
method. Urine from 4 healthy subjects in this
laboratory, whose urine did not give any pro-
teln reaction, were also investigated. Traces
of C'4 were detected in these normal samples,
but the actual amounts were too small to

Thus, in this patient considerable C'4 were
excreted everyday in the urine. Moreover, in
November the amount of C'4 excreted in the

urine was marked Iy increased but the serum
C'4 level was also slightly increased.

The relationship between the C'41evel in the
serum and the amount of C'4 excreted in the

found in these two patients, suggestsurine,

that the production of C'4 might be sufficient
to make up for the daily loss of C'4 in the
urine.

2. Complement GOPnpo"errts In Unite and Body
F1"ads

As mentioned above fluctuations in the serum

C' and C'4 levels were found in some patients
with various diseases, but no correlation was
found between the result of laboratory tests on

measure.

Table I shows that the urine of a patient
with nephrosis, M. 0. , contained 9.75 x 10L2 efT.
in o1. per inI of C'4 and in other urine samples
significant amounts of C'4 were also found, but
the C'4 activities were not always parallel with
the protein contents. On the other hand, C' I
activity could only be detected in the urine of
one patient with myeloma and not in other
samples. NO C' activity was found in any of
the samples examined.

it is very interesting that although C'4 is
usually excreted C'I is not, However, the
possibility, that subcomponents of C'I are
excreted in the urine, can not be neglected.
Hemolytically active C'I may not be excreted
in the urine because it is a macromolecule.
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2) Asczfic find
The C' C'I, and C'41evels of ascitic fluid

from 3 cases with liver cirrhosis, 5 cases with
peritonitis carcinomatosa, and one case with a
pelvic abscess were measured. The cells in



TABLE I

Case

Coinpo"e"ts of complement tm 1472'"e

S. I

S. Y

K. F

K. N

M. O

M. O

K. E

K. S

I. O
Y. M

S. M

S. K

S. K

H. K

I. B

normal

normal

normal

normal

nephrosis

nephrosis
nephrosis

nephrosis

subacute g!omeruloncphritis
chronic glomerulonephritis
clTronic glomeruloncphritis
chronic glomerulonephritis
chronic glomerulonephritis
Kimmelstiel-\Vilson's syndrome

IgG-myeloma

Diagnosis

TABLE 2 Co, "PIe"Ienl and 113 components tit ,Iscz'tic nutd

C'11ml
efT. in o1. X 10-10

Case

1<. Y

S. N

T. Y

M. T

K. O

K. B

S. O

H. T

Y. H

o

o

o

o

o

o

o

o

o

o

o

o

o

o

0.75

C'41ml
eff. in o1. x 10-in

liver cirrhosis

liver cirrhosis

liver cirrhosis

peritonitis carcinoma tosa

peritonitis carcinomatosa

peritonitis carcinon, arcsa

peritonitis carcinomatosa

PCritonitiS carcinom at OSa

pelvic abscess

Diagnosis

trace

trace

trace

trace

27.4

975.0

860

215.0

0.51

O. 435

5.40

192.0

780

96.0

3.70

Protein (gjdl)

TABLE 3 Copyzp/ement and Its conipo"e"!s in Dart'ONs body, furds

Case

C'H50

M. O

S. I\I

R. N

Y. Nl

S. K

I. T

K. T

I. K

K. N

K. F

O. A

o

7.5

4.42

40.0

38.5

41.2

52.5

35.8

54.1

0.15

2.4

0.9

6.0

0.15

O. 20

0.60

0.85

0.5

0.8

08

Materials

C'11ml
cff. in o1. x 10-:u

pleural fluid

pleural fluid
pleural fluid
pleural fluid
pleural fluid
pleural fluid
pleural Hutd
synovial fluid
saliva

saliva

breast milk

125. O

141.0

90.0

108.0

139.0

50.5

157.0

97.0

1330

C'41ml
eff. in o1. x 10~'"

tuber CUIous pleurisy
PICuropericarditis
postoperative pleurisy
carcinomatous pleurisy
postoperative pleurisy
pyotltorax

unknown etiology
rheumatoid arthritis

normal

normal

normal

Diagnosis

3.76

24.4

11.8

950.0

213.0

285.0

312.0

94.5

412. O

Protein

(gldl)

C'H50

58.7

257

45.0

62.5

308

o

51.0

34.1

o

o

o

C'11ml C'41ml
cfT. in o1. x 10~" elf. in o1. x 10-10

1.6

1.0

1.7

3.8

4.2

41.6

114.0

94.5

112.5

86. O

o

421. O

313.0

4.0

4.4

6.9

110.0

184. O

135.0

780.0

237.0

o

214.0

158.0

o

o

14.2
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Protein

(gjdl)

0.02

4.6

9.0

3.3

2.6

4.4

3.6

83



the ascitic fluid were centrifuged off, and the
super natants were used for the estimation.
The protein contents of these super natants
were determined with a Hitachi protein refrac-
tometer. As shown in Table 2, in the samples
from patients with liver cirrhosis both the C'
and C'41evel were lower than those from other

patients. The difference between the activities
of complement and C'4 in ascites from patients
with liver cirrhosis and those with other dis-

eases seems to be due to the low protein content
of the ascitic fluid of the former. However,
the C'I activity in ascites was not correlated
with the protein content.

3) Other bodyj7m'ds
Pleural effusions from patients with various

diseases were obtained by pleural puncture,
centrifuged at 3,000 rpm for 15 minutes and the
super natants were used. The protein contents
of these super Datants were determined with a
Hitachi protein refractometer. As shown in
Table 3, in 6 of the 7 specimens of pleural exu-
date examined, there were significant amounts
of C' C'I and C'4. However, in one speci-
men from a case of pyothorax no C', C'I or C'4
activity could be detected. In this case, coin-
ponents of complement in the putrefied fluid
might have been destroyed by proteolytic
enzymes.

In a specimen of fluid from a joint of a pa-
tient with rheumatoid arthritis, significant
amounts of C', C'I and C'4 were found, and

TABLE + Complement and ats coinpo"errts tit
spanol nut'd

the protein content was 3.6 gjdl. NO C' or
C'4 activity was found in two specimens of
saliva from normal subjects.

The existence of C'4 in human milk was

suggested by FEETooM and PONDMAN (1964)
from jinmunoelectrophoretic studies. Human
breast milk was centrifuged at 10,000 rpm for
15 minutes and the supernatant was used for
titration of C', C'I and C'4. A trace of C'I
and low C'4 activity was found. But no total
C' activity could be detected in this milk.

Nine specimens of spinal fluid from various
patients were examined. As demonstrated in
Table 4, small amounts of C'I and C'4 were
found in every case, but no C' activity was
found.

DISCUSSION

Case C'H50

it has been shown that cellular intermediates

must be employed for estimation of coinple-
merit components. Using this method de-
termination of complement components in the
serum of patients may offer valuable informa-
tion about the relationship between the levels
of serum complement and its components and
conditions in various diseases, especially those
diseases in which the pathogenesis is influenced
by the jinmunological process. However, there
is little information available on the factors

which influence the changes in the levels of
complement and its components in various dis-
eases, I. e. , production of complement coinpo-
nents, consumption of components by jinmu-
nological processes 272 woo, destruction of coin-
ponents by unknown mechanisms and their
excretion and passage from peripheral blood,
etc.

This work was to find other cases showing
significant fluctuations in the levels of C' and
C'41ike in the first case of chronic myelogenous
leukemia encountered, and to clarify the factors
which influence the serum C' and C'416vels.

Only one of the many cases of chronic mye-
logenous leukemia studied showed significant
fluctuations in the C' and C'4 levels like the

first case of chronic myelogenous leukemia. In

T. S

S. Z

T. N

H. M

O. A

N. T

T. O

B. Z

Y. O

CFjjm' CF41m'
Gif. in o1. X 10~" eff. in o1. x 10-10

o

o

o

o

o

o

o

o

o

5.07

1.25

3.58

1.95

2.97

2.34

0.74

4.12

I. 01

84

0.95

1.87

O. 2>
3.90

0.54

1.18

0.31

0.75

6.07
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these two cases, decrease in the levels of C' and
C'4 was followed by a marked increase in the
white cell count. However, the number of
myeloblasts did not increase. As described in
the results, in two other cases of chronic mye-
logenous leukemia marked increase in white
cell counts were also observed in the terminal

stages of the disease, but no decrease in the
C' and C'41evels was demonstrated. The in-

crease in the proportion of myeloblasts was a
conspicuous common feature of these two cases.
However, several patients with other diseases
showed fluctuation and significant diminution
of C' and C'4 levels, especially in cases of
systemic lupus erythematosus, liver cirrhosis
and other leukemias. From these results, it
is obvious that a decrease in the C' and C'4

levels is not a characteristic of any specific
disease, but is related to some unknown clini-
cal conditions in various diseases. To in-

vestigate possible factors which might innu-
ence the changes in the C' and C'4 levels, the
correlations between laboratory findings and the
C' and C'4 levels were thoroughly studied.
The present work shows that the C' and C'4
levels in serum were not influenced by changes
in laboratory results such as the red blood cell
count, white blood cell count, platelet count,
several liver function tests, serum protein con-
centration, and especially the amount of r-
globulin, the ICteric index, etc.

Elevated C' levels following splenectomy
were reported by JORDAN (1953), and elevated
C' and C'4 levels following splenectomy were
also demonstrated in sera of two patients in
this study. These observations and the fact
that marked splenomegaly was observed in two
cases of chronic myelogenous leukemia who
showed typical fluctuations in the C' and C'4
levels suggest the possible role of the spleen
in the changes in the C' and C'4 levels in the

syntheses of complement components by auto-
radiography, but the exact sites are not known.
But as with other serum proteins, the liver may
be important in production of C'4, because
decreased C' and C'4 levels were found in
several cases of liver diseases.

with regard to diminution of C' and C'4
levels, participation of immune reactions in the
pathogenesis of such diseases as systemic lupus
erythematosus, Hashimoto's disease, my as-
thenia gravis and probably liver cirrhosis and
nephritis should be considered. However, it
seems unlikely that the diminution of C' and
C'4 levels in these diseases can be attributed

merely to the immune process, because de-
spite marked decreases in the C' and C'+ levels
in some patients with these diseases, the C'I
levels were almost always maintained within
the normal range. The relationship between
the levels of C'I and C'4 in sera with a low C'

titer is described in the next paper. NIOre-
over, some patients with kidney, diseases ex-
creted large amounts of C'4 in the urine every-
day, but the C'4 levels in their sera remained
unchanged. Excretion of some complement
components in the urine was observed by
LANCE and \YENi< (1954) and by LANCE at at.
(1960), but they emphasized that the amounts
of the components excreted in the urine were
too small to explain the low C' titers in the sera.
As seen from the present results, the amounts
of C'4 excreted in the urine in cases of severe

proteinuria were not so small as those reported
by LANCE at o1. , and in these patients the serum
C'4 levels were maintained within the normal

Loss of C'4 from the serum in therange.

urine may be counteracted by its new syn-
thesis. These facts suggest the possible ex-
is tence of a mechanism regulating C'4 produc-
tion and this may maintain the C'41evel in the
serum when large amounts of C'4 are lost by
excretion or are consumed.

Thus, as causes of decrease in the C' and C'4
levels in sera of patients with diseases where
immune processes are involved, not only con-
sumption of C'4 by the antigen-antibody reac-
tion but also disorders of production or syn-

serum.

Few cases with elevated C'4 levels were

found, but a cases of Bence lones type myeloma
showed a C'4 level, which was about 8 times
the normal level.

THORBECKE at at. (1965) studi. d th. at. ^ of
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thesis of C'4 should be taken into consider a-
tion.
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ADDENDUM

As described in materials and methods, the mean

value of 11n of normal human sera was 0210 and the

standard deviation was 0018. But in some patients
with \. anous diseases, hardly me asurable hemolysis
was seen even when 2.0 inI of 10 times diluted serum

were used. In such cases, C'H50 values were re-
corded as below 5 C'H50, and it was impossible to
determine 11n. This is the reason that no mean
value of 11n is given in each group. However, if
the cases which showed low C'H50 values are omit-

ted, the mean value and standard deviation of 11n
in the various disease groups are as follows : Ieuke-
inias, 0.248 and 0,060, liver diseases, 0.229 and0.044,
collagen diseases, 0.258 and 0.048, kidney diseases
0.241 and 0.052. In general, sera with C'H50 values
below normal tended to show high 11n values. This
may be one reason why above normal 11n values were
obtained in disease groups. However, the differ-
ences in the 11n values in various disease groups
should be investigated further
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