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Abstract
Objective: To estimate different proteins and immunoglobulins as humoral immune response in
patients with intracranial tumours.
Methods: Cellulose acetate membrane electrophoresis for estimation of different proteins and
radialimmunodiffusion (RID) for measurement of serum and CSF immunoglobulins were used.
Results: Thirty seven patients with different types of tumours showed increase in serum alpha II
globulin, significant decrease of IgG, in patients when compared with controls, significant decrease of
IgG in malignant tumours compared with benign tumours, CSF albumin, gamma globulin,
immunoglobulins G,A,and M were increased.
Conclusion: Alpha 11 globulin, steroid therapy and active neoplasia may be responsible for decreased
serum immunoglobulins, while raised gamma globulin and immunoglobulins with intact BBB indicates
capability of CNS to produce immunoglobulins (JPMA 52:549; 2002).
Introduction
Primary brain tumours are among the top 10 causes of death due to cancer with over 13,000 people
dying from them each year1. Increased brain tumour incidence and mortality up to 300 percent over the
past 3 decades in developed countries has been primarily observed in the elderly and 35 percent in
children2. Surgery and radiation are front line treatments for patients with malignant brain tumours but
these modalities alone arc rarely curative3 thus the need for newer and more innovative approaches to
therapy are apparent.
The central nervous system (CNS) is immunologically an unusual tissue owing to presence of blood
brain barrier (BBB), which is able to exclude many components of immune system4. The BBB refers to
the morphological basis for restriction of protein diffusion from blood into the brain tissue, in particular
by the brain capillary walls. So the elucidation of protein patterns in response to brain tumours is likely
to be invaluable in achieving greater insights into tumor biology and immunology and could facilitate
the development of such therapies5. In fact, new physiologically and biophysically based concepts of
blood - CSF barrier function as well as extended knowledge of neuroimmunology have lead to an
increased awareness of the clinical reliability of albumin and immunoglobulin based data patterns6.
Detection of intrathecal synthesis of specific antibodies and a reliable concept for evaluation of brain
derived proteins in CSF and blood have yielded essential improvements in clinical relevance of CSF
analysis7. Therefore, we examined serum and CSF immunoglobulin concentration in brain tumour
patients, since they may be regarded as an indication of humoral immune reaction. The serum and CSF
immunoglobulin and albumin concentration also provide
information with respect to functional status of blood brain barrier (BBB) and CNS protein synthesis in
intracranial tumors8.

Patients and Methods
The subjects of this study were inpatients of Lahore General hospital, Lahore. Study included 37
patients with intracranial tumors. Their mean age was (mean ±SD) 28.90 ±15.90, and the group
consisted of 26 males and 11 females. Diagnosis was established by conventional clinical methods and
by special investigations including CT scan and was confirmed by histological examination of
operative biopsy. Most of the patients were receiving steroid therapy prior to surgery. For the purpose
of this study patients were classified according to tumor type as defined by WHO classification of CNS
tumors9.
Twenty subjects, not suffering from any neurological disease, including 14 males and 6 females, ages
ranging from 8 - 60 years were taken as controls. Blood samples were taken from patients 24 hours
prior to surgery. Serum was separated. Ventricular cerebrospinal fluid (CSF) was collected in the
operation theatre at the time of surgery. Serum and CSF was kept in 2 aliquots. Glucose, Total protein,
Albumin in serum and CSF were estimated on the same day, while another aliquot was frozen at - 40°C
for electrophoresis and immunoglobulins assay. CSF was concentrated by the method described
elsewhere10 for the purpose of electrophoresis and immunoglobulin estimation.
Quantitative measurement of serum and CSF immunoglobulins lgG, IgA, 1gM were evaluated by
radial immunodiffusion (RID) method of Mancini et aP’, through the use of commercially available
kits, supplied by Kallastad Laboratories USA. In each well 5 ul of standard, patients and control serum
and 10 ul of CSF were applied.
Plates were incubated at room temperature for 48 hours. The precipitin ring diameter was measured by
means of an optical comparator having resolution of 0.1 mm. Resultant ring diameter were converted to
mg/dl through the use of standard curve table supplied with the RID plates.
The concentrated CSF specimens were electrophoretically examined simultaneously with
corresponding serum by means of cellulose acetate membrane electrophoresis (elvi 70 tank), and the
density of bands was determined by elvi 165 densitometer. For statistical analysis Student 't' test was
used.
Results
Thirty seven cases of intracranial tumors and 20 control subjects were included in this study. Gliomas
were most common tumours (38%) followed by neurinomas (21%), medulloblastoma (11%),
meningioma (11%), pituitary adenomas (8%), craniopharyngioma (8%) and epidermoid cyst (3%). The
difference between total protein, albumin and different fractions were not significant (Table 1).

However, in 3 cases (one neuroma, 2 astrocytoma H) albumin was high and above 73%. In addition to
that alpha II concentration was significantly higher (P<0.05) in brain tumor patients than controls and
in one patient with epidermoid cyst, gamma globulin was very low (2.4% of total protein.).
Mean serum IgG concentration in patients was significantly lower (P<0.001) than control subjects.
When compared between malignant and benign tumors, IgG was significantly lower (P<0.05) in
malignant tumours than in benign ones (Table 2).

The mean IgA was lower in patients than in controls but statistically non-significant. The difference of
mean serum IgA levels between patients with benign and malignant tumors and between patients and
controls was statistically insignificant but the mean values in adult patients were significantly higher
(P<0.01) than in children patients. There was no difference in mean value of 1gM in various groups.
Ventricular CSF glucose was 78 ± 3 mg /dl, values ranged from 45 - 110 mg /dI. Mean total protein
was 23.09 ± 1.14 mg /dl and values ranged from 14 - 50 mg /dl (Table3).

Total albumin was 59 percent of total protein. The mean CSF gamma globulin was 16.67±0.62 percent.
Both albumin and gamma globulin were significantly higher (P<0.001) than normal ventricular values
of Hill et al.
Immunoglobulin G (IgG) was detectable in all 37 cases, and values were (mean ± SEM) 784.5 ± 50.36
ug /dl. IgA was not detectable in three out of 37 cases (One craniopharyngioma, one astrocytoma II and
one Glioma II), and level ranged from 26 -520 ug /dl, with a mean level of 223 ± 41.11 ug /dl.
Immunoglobulin M (1gM) was detectable only in 7 out of 37 cases with values ranging from 171-2 12
ug /dl. Four of these cases were gliomas, 2 pituitary adenomas and one medulloblastoma.
The estimated ranges of Protein electrophoresis and IgG, IgA and 1gM were calculated as Mean ±
SEM. The 95% confidence interval of these values were estimated by applying single group Student ‘t'
test and values were found statistically significant with P < 0.001 (Table 3).
Level of IgG and IgA in malignant tumours was significantly higher with P value <0.001 and P<0.05
respectively than benign tumours (Table 2).

Table 4 shows values of different proteins and immunoglobulins in serum and CSF of 37 patients with
different types of intracranial tumours.The albumin quotient (CSF AIb / Serum Alb x 1000) was
determined by the method of Trbojevic-Cepe4 for assessing level of dysfunction of BBB.
Discussion
The principal reasons for the study of serum protein fractions in neoplastic disease are two: the need for
objective criteria for evaluating tumour therapy and the need for better understanding of the systemic

effects of tumour on the host12. Inadequate immune reactions in cancer patients is an indication of the
continued presence of the neoplasm, progressing in its course towards a worsening clinical state. In
turn, one might equate adequate immune responses or any improvement in these functions as indicative
of a favorable subsequent clinical course13. Humoral immunity has its role in host tumour
interactions14 and changes in different serum and CSF proteins in patients with cancer reflect chiefly
the reaction of the host to the presence of tumour.
We, like other workers14 did not find any essential differences in the serum total protein and protein
electrophoresis, performed in 37 patients with brain tumours and 20 control subjects. However, alpha II
globulin was significantly (P<0.05) elevated in our cases, while it was increased only in 3 out of 43
cases with brain tumours studied by Polkowka-Kulesza et al15.
Serum IgG was significantly lower (P<0.00l) in brain tumour patients compared with controls. In
addition, lgG was significantly low (P<0.05) in malignant tumours compared with benign. These
findings are in agreement with many other workers16,17. However, few other workers15,18,19 found no
changes in any of immunoglobulins in their studies. Contrary to present findings, few recent studies
from Turkey20 and from India21, have reported significant increase in IgG in benign and malignant
brain tumours.
The mean values of IgA was slightly but not significantly lower in our cases than controls, but Manjula
et al21 in India found increased IgA in benign tumours. Serum 1gM in our cases was not different from
control group, nor there was any increase in 1gM in meningioma case as reported by Tokumaru and
Catalano17. These findings are consistent with other studies13,15. On the other hand, Manjula et al21
found 1gM significantly high in all types of brain tumours.
There is mounting evidence that an immunosuppressive factor present in the serum of patients with
unfavourable cancers reside in the alpha - II globulin fraction12. In addition, most of our cases were on
steroid therapy, which is known for immuno-suppressive effect. Both of these factors: increased alphaIl globulin and steroid therapy might be contributing to decrease Immunoglobulins in our cases.
Nevertheless, these controversial findings by ditlerent workers in different parts of the world needs
wider immunological monitoring of brain tumour patients.
As far as we have searched the literature, no study on ventricular CSF of brain tumour patients is
carried out. However, whatever literature is available, it is on the lumbar CSF. Hill et al22 have given us
normal values of different proteins in ventricular CSF. We have compared our values with these
findings. Protein content is normally higher in Lumbar CSF than Ventricular CSF22-24 and there is an
inverse relationship between the hydrodynamic radius of protein molecule and their ease to access to
the CSF from the circulation25.
Total protein in our cases was higher than normal values22 but statistically non- significant. However,
albumin and gamma globulin in our cases were significantly higher (P<0.001) than accepted normal
values. When albumin quotient was calculated, it was 3.2 and slightly higher than normal values of
Trbojevic-Cepe4. This indicates that there was no significant dysfunction of BBB.
In our cases increased gamma globulin in CSF, with almost intact BBB, as assessed by albumin
quotient, can be attributed to be produced within the brain. This finding is in agreement with many
other workers4,26,27 who also found growing evidence that stimulated brain cells can synthesize
different proteins.
Our findings of increased immunoglobulins in CSF are in accordance with many other studies27-30.
There was significant increase (P<0.001 and <0.05) in lgG and IgA in malignant tumours than in
benign tumours and is comparable with other workers29,31,32. However, Nerenberg et al28 found no
change in IgG however, both IgA and 1gM were increased significantly in their cases.
Reiber et al6 have suggested that as a consequence of low transfer of blood derived antibodies to brain

and CSF, the brain derived CSF antibodies contribute a relatively large proportion of total CSF
antibodies. We also agree with the above findings, as increased level of immunoglobulins in our study
and more so in malignant cases suggest intrathecal production, also supported by other workers33.
In conclusion, the results of this study reveal that serum immunoglobulins are suppressed in
intracranial tumours, and more so in malignant cases. On the other hand CSF immunoglobulins are
raised than normal values and increase is more marked in malignant cases than in benign ones. As a
general principle, increased blood concentration of serum protein result in higher CSF concentration6.
However, in our cases of brain tumours serum immunoglobulins were low, so it is not possible that
these low level serum immunoglobulins might have crossed BBB by passive diffusion and raised levels
of CSF immunoglobulins. This establishes the fact that these raised immunoglobulins in ventricular
CSF are produced within the brain and human brain is capable of responding to tumour antigens by
activating production of immunoglobulins intrathecally.
Although RID is a relatively insensitive method, further studies on humoral immune response in brain
tumour patients with more sensitive methods like RIA or Laser Nephlometer (LN) can lead to reach
any definite conclusion.
References
1.Wrensch M, Minn Y. Central brain tumor registry of the United States. Statistical report: Primary
brain tumor in the US 1992.1997. Chicago: CBTRUS; 2000, p. 1-25,
2.Davis FG, Malinski N, H acnszel W et at. Primary brain tumor incidence rates in four United States
regions 1985-89: a pilot study. Neuroepidemiology, 1996; 15: 103-12.
3.Prados M.(ed). Brain cancer, Hamilton: BC Deoker Inc., 2002, p.193.
4.Trbojevic - Cepe M, Brinar V. Pauro M, Vogrmc Z, Stambuk N. Cerebrospinal fluid complement
activation in neurological diseases. J Neurol. Scie., 1998: 154: 173-8!.
5.Narayan RK, Heydom WE. Creed GJ. Jacobowitz DM. Protein patterns in various malignant human
brain tumours by two dimensional electrophoresis. Cancer Res., 1986; 46: 4685.94.
6.Reiber H, Peter JB. Cerebrospinal fluid analysis: disease related data patterns and evaluation
progress. J. Neurol. Scie., 2001;184: 101-22.
7.Reiber H. CSF flow, its influence on CSF concentration of brain - derived and blood derived proteins.
In: Teelken A, Korf J (eds.). Neurochemistry. New York: Plennum Press, 1997, pp 51-72.
8.Ganrot K, Laurell CR. Measurement of IgG and Albumin content of CSF and its interpretation. Clin.
Chemestry, 1974; 20: 571-73.
9.Zulch KJ. Histological typing of tumors of the central nervous system. WHO, International
classification of tumors No.21.1979 WHO, Geneva, pp. 1.10.
10.Dawani K, Tayyab M. Ventricular CSF immunoglobulins in Brain Tumours. J.Pak,Med.Assoc.,
1992; 42:88-89.
11.Mancini G, Carbonara AO, 1 Icrernans JF. Imniunochemical quantitation of antigens by single radial
immunodiffusion. Immunochem.,1965; 2: 235.
12.Lee YN. Quantitative change of serum protein and immunoglobulins in patients with solid cancers.
J. Surg. Oncol., 1977; 9: 179-87.
13.Mahaley MS. Brooks WH, Roszman TL et at. Immunobiology of primary intracranial tumours. J.
Neurosurg., 1977; 46: 467.76.
14.El-Samra K, Aboul-Enein M, Hindawy AS et al. Study of humoral response to the brain tumours
antigens in children. National Cancer Inst.,1986; 2: 327-34.
15.Polkowka-Kulesza E, Pluzanska A, Aiwasiak J. Mikuta M et al. Immunoglobulins and other serum
proteins, T and B Lymphocytes and degree of Blastic transfonnation of lymphocytes stimulated by
PHA in the brain tumour patients. Neuropath. Pol., 1980; 18: 139.50.

16.Moncri M, Galvcz S, Farcas A. CSF and serum immunoglobulins and C-3 levels in 30 intracranial
turnours. Neurocirugia., 1978; 36: 75 - 82.
17.Tokumaru T, Catalano LW. Elevation of serum Immunoglobulin M (1gM) level in patients with
brain tumours. Surg. Neurol., 1975; 4: 17-21.
18.Weiss JF, Morantz R.A, Bradley WP, Chretien PB. Serum acute- phase proteins and
immunoglobulins in patients with Gliomas. Cancer Res., 1979; 39: 542-544.
19.Seeldrayers PA, Hoyle NR, Thomas GDT. Serum MBP immunoreactivity and immunoglobulin
levels as markers of tumor type. 3. Neurol. OncoL, 1984; 2: 141.45.
20.AU-Yuceer N, Arasil E, Temiz C. Serum immunoglobulins in brain tumours and lumbar disc
diseases. Neuroreport, 2000; 11: 279-81.
21.Manjula S, Aroor AR,, Raja A, Rao SN, Rao A: Serum immunoglobulins in brain tumours. Acta
Neurochir,, 992; 115:103-5.
22.Hill NC, Goldstein NP McKenzie BF et al Cerebrospinal fluid proteins, glycoprotein, and
lipoprotein in obstructive lesions of the central nervous system. Brain, 1959; 82: 581 -93.
23.Tvctcn L. Ccrebrospinal fluid proteins in obstructive lesions of the central nervous system. Acta
Neurol. Scand., 1965; 41: 80-91.
24.Gilland 0. Cerebrospinal fluid paper electrophoresis in healthy voluntears. Acta Neurol. Scand.,
1967; 43: 403-6.
25.Chamoun V, Zeman A, Blennow K, et al. Haptoglobins as markers of blood-CSF barrier
dysfunction: the findings in nonnal CSF. J. Neurol. Sci., 2001; 182: 117-21.
26.Morgon BP, Gasque J) Expression of complement in the brain: role in health and disease. Immunol.
Today 1996; 17: 461-6.
27.Starchenko AA, Khilko VA, Khlunovskii AN. Intrathecal synthesis of 0 class immunoglobulins in
Neurological cancer patients. Zh Nevropatol Psikhiatr Im SS Korsakove. 1994; 94: 42-43.
28.Nerenberg ST, Prasad R, Rothman ME. CSF JgG, IgA, 1gM, IgD, IgE levels in CNS disorders.
Neurology. 1978; 28:988-990.
29.Prasad R. lmmunoglobulins in certain CNS disorders; A study of CSF Ig Classes G,A, M,D and E
concentration. M J.Clin.Pathol., 1985; 83: 190 - 95.
30.Osenbruck M, Rao ML, Quednau HD. Pattern of albumin, immunoglobulins and glucose in
cerebrospinal fluid and serum of patients with disorders of central nervous system. Eur, Neurol., 1985;
24: 16-22.
31.Rao ML, Boker DK. Cerebrospinal fluid and serum levels of albumin, lgG, IgA, and 1gm in patients
with intracranial tumours and lumbar disc herniation. Eur. Neurol.,1987; 26: 241 -45.
32.Mavra D, Drulovic J, Levic Z, et al. CNS tumours: Oligoclonal IgD in CSF and serum. Acta Neurol.
Scand., 1999; 100: 117-18.
33.Starchenko AA, Khilko VA, Khlunovskii AN, et al. Intrathecal synthesis of IgG in patients with
CNS Neoplasms. Vopr. Onkol., 1994; 40: 194-97.

