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Recently the experimental data appeared that point
to the possible involvement of gamma-aminobutyric acid
(GABA) in mechanisms of cell proliferation and patho-
genesis of malignant growth [1, 2]. This hypothesis is
mainly based on the results of the studies of GABA con-
tent and intensity of GABA synthesis in the tumors of
man and animals and influence of agonists of GABA(A)
receptors (GABA(A)R) on cell proliferation.

It is known that in nonneuronal tissues GABA is syn-
thetised both from glutamate and putrescine (in the last
case � with involvement of diaminooxidase). On the
early stage of research the association of the increased
activity of mentioned enzyme with malignization was
thought to serve as potential biochemical marker in dia-
gnosis of metastasis [3]. Really, the increased levels of
diaminooxidase activity were detected in ascitic and
pleural fluids of patients with ovarian cancer [4], in the
blood of patients with medullar thyroid carcinoma (i.e.
metastatic one) [3, 5], in blood plasma of patients with
ovarian, lung and thyroid cancer [6, 7].

The activity of glutamate-decarboxylase � an en-
zyme that synthetises GABA from glutamate � has
been shown to be increased in neoplastic tissues in
comparison with adjusting normal one and was regis-
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In the minireview, the literature data concerning the link between activity of GABAergic system and mechanisms
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tered in tumors of intestine, gastric and breast cancer
[8�11]. The acceleration of GABA synthesis causes the
increase of its content in tumor tissues [5, 6, 8�11],
peripheral blood [12] and urine [13].

The possible functional role of the increased GABA
level in tumor and biological fluids may be explained
as special defense of the cell against neoplastic trans-
formation [9] or as local antitumor immune answer [8,
11]. However, recently it was supposed that the in-
crease of activity of GABAergic system is directed on
the inhibition of proliferation [1, 2]. The most detailed
research has been carried out on liver tissue. It is known
that partial hepatectomy stimulate the growth of the
organ, supposedly, via alteration of membrane poten-
tial of hepatocytes. From other hand, GABA is able to
cause the hyperpolarization of the membranes of iso-
lated hepatocytes. It was demonstrated that introduc-
tion of exogenous GABA prevented hepatocyte depo-
larization caused by hepatectomy, but didn�t influence
the increased level of expression of proto-oncogenes
c-fos and c-jun. At the same time the level of mRNAs
of insulin-like growth factor and ILGF-binding proteins
was found to be significantly lower in the liver of rats
that received GABA injection and had elevated GABA
concentration in the blood [14].

Factors activating proliferation processes in rat li-
ver influenced the number and affinity of GABA(A) re-
ceptors (GABA(A)R). Interestingly that partial hepate-
ctomy causing regenerative proliferation, lead nitrate
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inducing hyperplasia and cancerogene N-nitrosodi-
ethylamine had different influence on the state of
GABA(A) receptors. Muscimol � agonist of
GABA(A)R � inhibited DNA synthesis induced by
growth factors in a dose-dependent manner [15]. The
authors concluded that activation of GABA(A)R acts
as an inhibitory signal to proliferation of hepatic cells.
That suggestion was proved by the data of other au-
thors that showed the correlation between the levels of
expression of GABA(A)R β-subunit, activity of regene-
rative processes after partial hepatectomy in rats [16],
and decresed level of expression of GABA-transpor-
ter [17]. It was hypotetised that GABA acts as trophic
stabilisator of hepatocytes [16], and stable decrease of
the activity of GABAergic system may serve as one
component of activation of liver cancerogenesis [1].

It has been shown that the incubation of cells of
hepatocellular carcinoma with muscimol inhibited pro-
liferation and decreased the expression of α-fetopro-
tein mRNA [2]; the administration of baclophen �
GABA(A)R agonist � increased the activity of gluta-
mate-decarboxylase and the content of GABA in tu-
mor and normal tissues of mice with cancer of mam-
mary gland and decrease the rate of tumor growth [10].
Also, the expression of pi-subunit of GABA(A)R known
to be absent in mammary gland and lymph nodes of
healthy animals was registered in the tumor tissue of
mammary gland and in metastasis [18].

The role of GABA in thyroid cancer is poorly stu-
died yet. Just few reports evidenced the increase of
GABA content and diaminooxidase activity in medul-
lary thyroid carcinoma (MTC) [3�5]. It is known that MTC
is developing from parafollicular neuroendocrine Ñ-cells
and is occurring rarely [19, 20]. The most common tu-
mor of thyroid gland � papillary thyroid carcinoma
(PTC) � yields nearly 60�90% cases of thyroid cancer
[20], and is strongly linked to irradiation [19�22].

Earlier we have shown that GABA content in the
blood of pediatric patients with PTC is significantly
higher than that in the healthy children [12]. As far as
the blood level of GABA is strongly linked to the state
of the brain GABAergic system [23], as well to the func-
tional activity of hypothalamo-hypophysis system in
pediatric patients with thyroid cancer [12], we concluded
that in thyroid cancer the increase of blood GABA level
is indicating the activation of brain GABAergic system.
However, mentioning the possible role of GABA in on-
cogenesis, it looks reasonable to determine GABA con-
tent in tumor tissues. The present work was aimed on
the research of GABA concentration in the tissues of
PTC and adenoma of thyroid gland in comparison with
conventually normal tissue (opposite lobe of thyroid
gland).

In the work, biopsy samples from patients of 6 to
21 years old cured in Department of Pediatrian Endo-
crine Pathology of V.P. Komissarenko Institute of En-
docrinology and Metabolism, AMS of Ukraine (Kyiv,
Ukraine) were studied: 33 PTC samples, 30 samples
of macroscopically unaltered conventually normal thy-
roid tissue, 5 samples of follicular adenomas. Patho-

morphological diagnosis was performed according to
�WHO histological classification of thyroid tumors� [24].

GABA content in protein-free extract was deter-
mined by radioreceptor menthod [25] with the use of
synaptic membranes isolated from rat brain and
14Ñ-GABA (Amersham, UK); specific radioactivity �
200 mCi/mM). Protein-free extracts were received by
homogenization of tissues in 0.4 N perchloric acid con-
taining 0.05% sodium sulphite and 0.2% EDTA. After
centrifugation at 3000 g for 15 min, pH was adjusted to
6.0 with 5 N potassium carbonate, the samples were
incubated at �20 °Ñ for 24 h, and then potassium per-
chlorate was sedimented by centrifugation at 3000 g
for 20 min. For statistical analysis, Student�s t-criteri-
um was used.

The medium amount of GABA in conventually nor-
mal thyroid tissue with no signs of malignancy valued
nearly 4 nM per g of fresh tissue, was significantly higher
in the samples with microlesions of tumor growth and
was 3-folds lower in PTC tissues (Table). There was
found no significant differences in GABA levels in main
variants of PTC, as well between the tissues of follicu-
lar adenomas of thyroid gland and conventually nor-
mal tissues (Table).

The absence of significant alteration of GABA level
in thyroid adenoma tissue and its decrease in PTC along
with estimated sharp increase of GABA content in the
blood of patients with benign and malignant tumors of
thyroid gland suggested our earlier hypothesis that ex-
plain the occurrence of 6�10-fold increase in GABA
content in the blood by activation of GABAergic sys-
tem in pediatric patients with thyroid cancer [12]. One
should note that GABA content was shown to be in-
creased in the blood of pediatric patients with post-
surgical metastasis. Thus, this test may be useful for
dynamic noninvasive screening of pediatric patients
after surgical removal of thyroid tumors [26].

REFERENCES
1. Minuk G. GABA and hepatocellular carcinoma. Mol

Cell Biochem 2000; 207: 105�8.
2. Zhang M, Gong Y, Assy N, Minuk G. Increased

GABAergic activity inhibits alpha-fetoprotein mPNA ex-
pression and the proliferative of the HepG2 human hepa-
tocellular carcinoma cell line. J Hepatol 2000; 32: 85�91.

3. Baylin S, Beaven M, Buja L, Keiser H. Histami-
nase activity: a biochemical marker for medullary carcino-
ma of thyroid. Am J Med 1972; 53: 723�33.

4. Lin S, Orcutt M, Stolbach L. Elevation of histami-
nase and its concurrence with Regan isoenzyme in ovarian
cancer. Cancer Res 1975; 35: 2762�5.

Table. Concentration of GABA (nM/g of tissue) in thyroid tissues 

Tissue n Concentration of GABA 
Thyroid lobe without signs of tumor growth 23 4.15 ± 1.07 
Thyroid lobe with the signs of tumor growth 7 15.73 ± 1.75* 
Papillary carcinoma: 33 1.45 ± 0.26* 
- typical variant of PTC 3 2.06 ± 0.31 
- follicular variant of PTC 11 1.25 ± 0.45 
- solid variant of PTC 11 1.67 ± 0.55 
- folliculo-solid variant of PTC 8 1.25 ± 0.53 
Follicular adenoma 5 2.98 ± 1.03 
* The difference is significant in comparison with the tissue without signs 
of tumor growth. 



Experimental Oncology 25, 25-27, 2003 (March) 27

5. Anderson A, Henningsson S, Jarhult J. Diamine
oxidase activity and gamma-aminobutyric acid formation
in medullary carcinoma of the thyroid. Agents Action 1980;
10: 299�301.

6. Fogel W. GABA and polyamine metabolism in pe-
ripheral tissue. In: GABAergic mechanism in the mamma-
lian periphery. Erdo S, Bowery N, eds. New-York: Raven
Press 1986; 35�6.

7. Chanda R, Ganguly A. Diamine-oxidase activity and
tissue di- and polyamine contents of human ovarian, cervi-
cal and endometrial carcinoma. Cancer Lett 1995; 89: 23�8.

8. Kleinrok Z, Matussek M, Jesipowicz J, Matuszek M,
Opolski A, Radzikowski C. GABA content and GAD ac-
tivity in colon tumors taken from patients with colon can-
cer or from xenografted human colon cancer cells growing
as s.c. tumors in athymic nu/nu mice. J Physiol Pharmacol
1998; 49: 303�10.

9. Matuszek M, Jesipowicz M, Kleinrok Z. GABA
content and GAD activity in gastric cancer. Med Sci Monit
2001; 7: 377�81.

10. Opolski A, Mazurkiewicz M, Wietrzyk J, Klein-
rok Z, Radzikowski C. The role of GABA-ergic system in
human mammary gland pathology and in growth of trans-
plantable murine mammary cancer. J Clin Cancer Res 2000;
19: 383�90.

11. Mazurkiewicz M, Opolski A, Wietrzyk J, Rad-
zikowski C, Kleinrok Z. GABA level and GAD activity
in human and mouse normal and neoplastic mammary gland.
J Exp Clin Cancer Res 1999; 18: 247�53.

12. Mishunina TM, Samson OYa, Bogdanova TI,
Tron�ko ND, Kononenko VYa, Bol�shova EV. The state
of GABAergic system in children with thyroid neoplas-
mas. Exp Oncol 1999; 21: 38�43 (In Russian).

13. Nicholson-Guthrie C, Guthrie G, Sutton G, Baen-
ziger J. Urine GABA levels in ovarian cancår patients: ele-
vated GABA in malignancy. Cancer Lett 2001; 162: 27�30.

14. Minuk GY, Kren BT, Xu R, Zhang X, Burczyns-
ki F, Mulrooney NP, Fan G, Gong Y, Steer CJ. The
effect of changes in hepatocyte membrane potential on
immediate-early proto-oncogene expression following par-
tial hepatectomy in rats. Hepatology 1997; 25: 1123�7.

15. Biju M, Pyroja S, Rajeshkumar N, Paulose C.
Hepatic GABA(A) receptor functional regulation during
rat liver cell proliferation. Hepatol Res 2001; 21: 136�46.

16. Erlitzki R, Gong Y, Zhang M, Minuk G. Identifi-
cation of gamma-aminobutyric acid receptor subunit types
in human and rat liver. Am J Physiol Gastrointest Liver
Physiol 2000; 279: 6733�9.

17. Gong Y, Cui L, Minuk G. Effects of acute and chronic
ethanol exposure on the hepatic gamma-aminobutyric acid
transport system in rats. Alcohol 1999; 19: 213�8.

18. Zehentner B, Dillon D, Jiang Y, Xu J, Benning-
ton A, Molesh D, Zhang X, Reed S, Persing D, Hough-
ton R. Application of a multigene reverse transcription-
PCR assay for detection of mammaglobin and complemen-
tary transcribed genes in breast cancer lymph nodes. Clin
Chem 2002; 48: 1225�31.

19. Tron�ko ND, Bogdanova TI. Thyroid cancer in
Ukrainian children as a concequence of Chernobyl acci-
dent. Kyiv: Chernobylinterinform 1997. 200 p (In Rus-
sian).

20. Rosai J. Ackerman�s Surgical Pathology. 8th Ed.
Ch.9: Thyroid gland. St. Louis: Mosby 1996; 1: 493�588.

21. LiVolsi V. Surgical pathology of thyroid. Philadel-
phia: Saunders, 1990; 422 p.

22. Bogdanova TI, Kozyritskiy VG, Tron�ko ND.
Pathology of thyroid gland in children. Handbook. Kyiv:
Chernobylinterinform 2000. 158 p (In Russian).

23. Mishunina ÒÌ. GABA content in blood as peri-
pheral indicator of the state of central neuromediatory sys-
tem. Voprosy Med Khimii 1998; 44: 511�9 (In Russian).

24. Hedinger Chr,  Williams E, Sobin L. Histological
typing of thyroid tumours. WHO, 2nd ed. Berlin: Sprin-
ger, 1988; 66 ð.

25. Mousah H, Jacqmin P, Lesne U. The quantifica-
tion of gamma-aminobutyric acid in the cerebrospinal fluid
by radioreceptorassay. Clin Chim Acta 1987; 170: 151�9.

26. Patent ¹ 35294 À Ukraine, MPS G01 ¹ 33/53.
The method of detection of metastasis and recurrency of
differentiated thyroid cancer. Samson OYa, Mishunina ÒÌ,
Bogdanova TI, Tron�ko MD, Bol�shova OV, Kononen-
ko VYa. Publ. 15.03.2001, Bull. ¹ 2, 2001.


