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A number of authors have drawn attention to
the increase in the a2 globulin fraction of the
serum in patients suffering from malignant disease.
Mider, Alling, and Morton (1950) after a study
of 222 patients with cancer in various sites found
the average ca2 globulin was 0.9 g. per 100 ml.,
and the figure for late cancer was 1.05 g. per 100
ml., or 16.1 % of the total plasma proteins. Kay
(1954) found the level in cases of carcinomatosis
peritonei to be 1.10 g. per 100 ml. Flynn (1954),
In a review of the electrophoretic patterns of the
serum proteins in health and disease, states that in
nearly all of the cases of malignant disease studied
the a globulins were significantly increased and
frequently the albumin diminished.

Preliminary investigation of the electrophoretic
pattern of the serum from patients with pulmonary
diseases suggested that there might be a significant
increase in the a_, globulin fraction in cases of
bronchial carcinoma and pleural effusion. The
investigations we report were designed to support
or disprove these impressions.

Method and Materials
Electrophoretic analysis was carried out by the

method described by Griffiths (1953), using a
caprylate-barbitone buffer, pH 8.6, ionic strength
0.05. The stained strips were scanned in an
apparatus designed by Griffiths (1952).

Using this technique, the upper limit of normal
for the globulin fraction is 13 +1% of the total
serum protein, i.e., 1 g. per 100 ml.

Clinical Material
Fifty-six consecutive patients attending the

Farnborough Hospital bronchoscopy clinic and
suffering from a variety of chest conditions were
investigated by serum electrophoretic analysis.
In patients with pleural effusion, electrophoretic
analysis was carried out on the pleural fluid as
well. In 13 cases serial serum analyses were per-

2A

formed to assess progress. Bronchoscopy was per-
formed as an aid in the diagnosis of bronchial
carcinoma and tubercular endobronchial disease.

Results
Table I gives the final diagnosis and relevant

analytical results of the cases included in the series.
Of the 18 cases classified as carcinoma, the diag-
nosis in 15 was confirmed by histological examina-
tion of the biopsy obtained at bronchoscopy,
thoracotomy, or necropsy. Of the unproven three
(Cases 4, 33, and 56), Nos. 4 and 56 showed typical
radiological changes of erosion of bones of the
thoracic cage and both were accepted for deep
x-ray therapy. Case 33 was thought to have
bronchial carcinoma on clinical and radiological
grounds, but was uncooperative and could not be
followed up adequately.
Of 19 cases classified as suffering from bron-

chitis, bronchiectasis, or pneumonitis, broncho-
scopy and other findings were not suspicious of
neoplasm in 17 cases, and the chest radiograph
and clinical condition returned to near normal

TABLE I

Total Albu- a2GIobulin y Gl-
Caise Age Digoi Protein min bulin
No.S (g.10oo M(o (% Of (g. 100 (% of

ml.) Total) Total) ml.) Total)

4 56 Carcinoma of
bronchus .. 77 39.4 19-5 1-5 22-5

5 63 ,. 6-6 51-7 10-6 0-7 24-4
6 401 .. 7-8 45 16-2 1-3 218
8 48 7,.. 7-1 51-5 17-1 1-2 12-1
16 65 .. 6-3 28-3 15-2 1-0 36-6
20 67 ,, .. 6-6 39-5 20-0 1-3 21-0
23 59 .. 6-0 44-7 23 8 1-4 12-3
31 58 .' 6-2 36-6 19-0 1-2 13 6
33 53 7,,.. 7-2 52-5 14-3 1-0 19 2
36 57 6,.. 6-3 45 16-4 1-0 184
40 68 ' .. 6-7 46-3 17-9 1-2 16 8
42 45 ,. 7-1 30-1 17-8 1-3 25 7
44 62 ,' . 7-1 41-3 16-1 1-1 25-6
54 67 ,, . 62 50-0 16 6 1-0 13-3
56 55 .. .. 6-2 36-6 18-2 1-1 23-3

Average for
group .. 17-2! 1-2
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TABI E I-ontinued

Total Albu- i Globulin

Danss Protein min

(g. 00 (%*of (%*of l(g. lOC

ml.) Total) Total) m,l.)
Carcinoma of

hronchus withI

y Glo-
bulin
(% of
Total)

effusion 7-2 I44.5 141 10 283
5-6 55 17-8 1-0 11-5
7-1 40 20-5 1-5 16-3

Average for
group 17-5 1.2

Bronchitis 6-1 58-7 8-8 i0 5 19-2
7.7 49 13.3 1.0 23-7
6-1 65-'5 7-1 0.4 16-2

* 6-5 54-7 15-3 1-0 14-7
Pneumonitis 6-2 48-8 12 9 0-8 24-0

6-9 54-2 8-5 0-6 20-5
Bronchiectasis 6-7 51-3 7 9 0 5 23-6
Bronchitis -.I6-9 59-3 8-7 0-6 16-2

6-1i 45-7 13-8 0.8 24-4
-. 6-6 46 14- - 22-6
-- 6-9 49-4 11-0 0-8 21-8
-- 6-4 50-4 110-4 0-7 21-0
-- 6-9 50 12-0 0-8 20-4
-- 7 1 55-4 5-8 0-4 26-8
-- 6-6 47-3 7-5 0-5 28-0
-- 7-7 37 I12-9 1.0 33-3
- 7-7 42-5 16-4 1-3 24-0
-- 7-6 34-6 10-0 0.8 40 9
-- 6-8 51-3 14-2_ 1 0 16-3

Average for
group 11-1 0-8

Pulmonary
tuberculosis 6-9 43 2 16 1 1-1 23-1

6-4 43-6 15-6 1.0 -21-6
6-4 42-4 19-4 1-3 20-8
7-5 54 113-0 1-0 17-9
6-8 47 9-7 0-7 28-2
7-5 39-6 6-6 0-5 33-8

Average for
group I 13-4 0-9

Pulmonary
tuberculosis
with effusion 5-9 42-2 23-2 1-35 19-0

6-7 46-2 17-2 1-15 19-6

Average for
group - 20-2 1-25

Pulmonary in-
farct with
effusion -- 7-5 40 2 10-8 0 8 34-0

Pulmonary in-
farct. . 6-0 41 5 12-2 0-7 24.0

Fibrosarcoma 6-8 55 12 5 0 9 14-5
Lung abscess 7-5 42-5 10-0 0 8 31 2

-- 5-9 47-8 21-8 -1-3 13-0
-- 7-0 44-5 13-8 1-0 24 5

Pneumonia 6-7 44-4 15-6 1.0 24 6
6-6 I40-0 14-0 0-9 24-3

Pneumo?nia with -
effusion 5-6 34 1 25.4 1-4 14-3

5-7 44-0 14-4 0 8 20 6
Dysphonisa 5-9 48.4 116-4 1-0 18-4

Average for

group

after some weeks. In two cases, however (Cases
52 and 55), there had been no marked clearing on
follow-up. In neither case had there been any
indication of bronchial carcinoma.

Six out of eight cases classified as pulmonary
tuberculosis were bacteriologically proven, and all
cases had clinical and radiological evidence con-
sistent with this diagnosis. Of the remaining two

15-2 1-0

cases, Case 12 had a lymphocytic pleural effusion,
and radiological examination showed infiltration
of the lung suggestive of tuberculosis. The
effusion absorbed, and the general condition
improved after treatment with streptomycin and
I.N.A.H. Case 51 suffered from chronic cough,
and radiological examination showed infiltration
of the left apex and tomography revealed cavita-
tion. Bronchoscopy in each of these cases showed
no abnormality.

All cases classified as lung abscess had radio-
logical evidence of cavitation, and all responded
to vigorous antibiotic therapy. Cases classified
as pneumonia had radiological evidence of lobar
consolidation and were of acute onset.

In Fig. 1 the serum a, globulin has been plotted
as a percentage of the total protein, and the results
grouped according to diagnosis. We have grouped
together the a, globulin results from all cases of
bronchitis, bronchiectasis, and pneumonitis, as we
wished in particular to compare the percentage
in cases bronchoscoped to exclude the presence of
bronchogenic carcinoma in which a growth was
eventually found with cases bronchoscoped for
similar reasons but in which no cancer was dis-
covered. Patients bronchoscoped in the acute
phase, such as cases of lung abscess or lobar pneu-
monia, were insufficient in number to be worth
grouping separately and have therefore been in-
cluded in the small miscellaneous section. The
cases grouped in the pleural effusion column have
also been plotted in the other columns according
to their aetiology. Of the eight cases, five were
of inflammatory origin and three associated with
cancer. The results of electrophoretic analysis of
the serum from 23 members of the hospital staff
who were not known to be suffering from disease
are incluided for comparison.

In Fig. 1 it is seen that most proved cases of
carcinoma of the bronchus have a notably in-
creased a, globulin fraction, the average being
17.20% of the serum total proteins. Most of the
cases with pleural effusions also show an increased
level. Cases of bronchitis, on the other hand, do
not show a high a2 globulin level ; an average is
11.1 0/, of the serum total protein.
With regard to the miscellaneous section, the

results suggest that acute chest infections or cavi-
tating lung disease may be accompanied by slightly
raised levels.
Wherever possible serum electrophoresis was

repeated at monthly intervals. Fig. 2 shows the
trend of the results in cases of carcinoma, bron-
chitis, pleural effusion, and pneumonia. This demon-
strates that the high a2 globulin level in malignant
diseases shows no diminution, but rather tends to
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CaseAg

No.Ag

1 65

3 45

21 64

7 48

1 1 45

14 48

15 51

17 59

19 28

24 54

25 26

27 65

34 69

35 5 1

37 57

41 58

45 49

46 148
48 67

49 68

52 163
55 I4

13

22
30,
32
381
511

46
37
16

144
156

2 44

12 40

58

291
18
10
28
431
39'
53
26

47
50

56I
65
56
56
45
54
72
46

59
42

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.9.3.251 on 1 A
ugust 1956. D

ow
nloaded from

 

http://jcp.bmj.com/


SERUM AND PLEURAL FLUID PROTEINS

rise as time goes on.
In cases of bronchitis
or pneumonia, on the
other hand, the a2 level
tends to fall as the acute
initial disease improves.
In cases of simple effu-
sion the level falls fol-
lowing absorption of
the pleural fluid.
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The a2 globulin is
said to be increased in .
some cases of Cushing's °
disease, and some in- X - - - - ,
crease in the whole a s15 0
globulin fraction may :
occur in acute infections
(Flynn, 1954). It is
accepted that the serum 10
a2 globulin level is a

raised in cases of the tn
nephrotic syndrome. In U.
this condition there is 0
marked proteinuria and
h ypercholesterol-I
aemia. Occult nephro-
sis was an unlikely
cause for the rise in the 0
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serum globulin level in our
series, as in no case was
more than a trace of protein
found in the urine, and the
serum cholesterol, estimated
in 41 cases, including most
of those with carcinoma,
was above normal in only
one instance (Case 49, 350
mg. per 100 ml.).
Mider et al. (1950) give a

figure of 0.66 g. per 100 ml.,
or 9.7 + 0.3 %, as the normal

a1 aDsoiuLe ana reiaCIve quanti-
ties of a2 globulin in the
plasma. As has been stated,

*= CARCINOMA the upper limit of normal
O = TUBERCULOSIS using our technique is 1 g.
( = LUNG ABSCESS per 100 ml. or 13 + 1%.
A - BRONCHITIS Our average of 11.1% of

= PNEUMONIA the total protein in cases
of bronchitis and bronchi-
ectasis therefore is with-

812 16 20 24 in normal limits, whereas
FIG. 2 the average of 17.2% in
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our cases of carcinoma is much above normal.
Only 5% of the bronchitis group had a2 globulin
levels exceeding 16% of the serum total proteins
in comparison with 80% of the carcinoma group,
37% of the tubercular group, and 27% of the mis-
cellaneous group. Our average for all our car-
cinoma cases is rather above the average of Mider
et al. (1950) for cases of late cancer. This is of
particular significance, since in the majority of our
patients the growths were comparatively early as
judged by the lack of evidence of metastasis and
their good clinical condition. It is interesting to
note that in few of our cases has the serum
albumin dropped significantly ; this perhaps further
suggests the comparative earliness of the growths.
We have found no previous reports of a raised

serum a2 globulin level in cases of pleural effusion.
Our average of 17.9% is well above normal, and
the prompt return of this level to normal with the
absorption of the effusion in the inflammatory
groups suggests a relationship.
A low a2 globulin level was found in the pleural

fluid from two cases of malignant effusion in strik-
ing contrast to the high level in the serum of these
cases. There does in fact seem to be a distinct
difference between the pleural fluid protein electro-

phoretic pattern in cases of malignant effusion and
in those of inflammatory effusion, though the
number of observations so far are very limited.

Sunmary
Paper electrophoresis was performed on the

serum proteins of 56 patients bronchoscoped by
the Farnborough Hospital Chest Unit.
The percentage of the serum a2 globulin in

different chest diseases has been compared.
It is considered that our results suggest an asso-

ciation between carcinoma of the bronchus or
pleural effusion with a raised serum a2 globulin
level.

We give grateful thanks to Dr. L. L. Griffiths, senior
consultant pathologist, for help in carrying out this
investigation, to Dr. G. Madigan, consultant chest
physician, for his encouragement and for performing
the bronchoscopies in our series; to Dr. D. N. Dobbie,
Dr. N. S. Plummer, Dr. K. 0. Rawlings, and Dr. A. G.
Street, who allowed us to include their cases.
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