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Summary Previous studies have shown that the enzyme γ-glutamyl transpeptidase (GGT) is essential for the nephrotoxicity of cisplatin. This
study was designed to determine whether GGT activity is necessary for the therapeutic effect of the drug. The relationship between GGT
expression and clinical response to platinum-based chemotherapy was examined in 41 human germ cell tumours. Sections of formalin-fixed,
paraffin-embedded tumours were immunohistochemically stained with an antibody directed against human GGT. There was no expression of
GGT in any of the 17 seminomas or four dysgerminomas; whereas, 12/12 ovarian yolk sac tumours and 4/4 embryonal carcinomas of the
testis were GGT-positive. In stage I tumours fewer tumour cells expressed GGT than in later stage tumours. In four germ cell tumours of
mixed histology, the seminomatous and dysgerminoma areas were GGT-negative while the areas of the tumour with yolk sac or embryonal
histology contained GGT-positive tumour cells. The patients with seminomas or dysgerminomas who were treated with cisplatin-based
chemotherapy, all had a complete response despite the absence of GGT expression in these tumours. Fifteen of the 16 patients with yolk sac
or embryonal carcinomas received cisplatin-based chemotherapy following surgery. Twelve had a complete response, while three failed to
respond to platinum-based therapy. There was no correlation between the level of GGT-expression and response to therapy in this group.
Three of the four patients with tumours of mixed histology were treated with cisplatin-based therapy, and had a complete response. Therefore,
expression of GGT is not necessary for the therapeutic effect of cisplatin in germ cell tumours. The results from this study suggest that
systemic inhibition of GGT would inhibit the nephrotoxic side-effect of cisplatin without interfering with its activity towards germ cell tumours.
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Dysgerminomas and seminomas
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Table 1 Yolk sac tumours and embryonal carcinomas: GGT immunohistochemical staining and response to treatment

Patient GGT- Survival
number Age Stage positive TMT Response (months) Status

Yolk sac tumour of the ovary
1 21 Ia 5% PVB CR 82 NED
2 12 Ia 25% PE CR 24 NED
3 17 Ic 25% CAOS CR 140 NED
4 19 Ic 70% PE CR 72 NED
5 11 Ic 40% PE CR 48 NED
6 15 Ic 10% PE CR 20 NED
7 24 IIc 75% PEB+RAD CR 96 NED
8 69 IIc 50% PE SD 13 DOD
9 40 IIIc 75% PEB CR 35 NED
10 21 IIIc 75% PE SD 13 DOD
11 32 IV 50% PEB CR 83 NED
12 22 IV 90% PVAC PD 6 DOD
Embryonal carcinoma of the testis
13 20 II 5% PEB/PNB CR 83 NED
14 24 II 25% PNB CR 149 NED
15 27 III 90% PEB CR 97 NED
16 20 III 100% PEB CR 21 NED

TMT, treatment; P, cisplatin; E, etoposide (VP16); B, bleomycin; V, vincristine; A, actinomycin D; C, cyclophosphamide; O, oncovin; S, adriamycin; RAD,
radiation therapy; N, vinblastine; CR, complete response; SD, stable disease; PD, progressive disease; NED, no evidence of disease; DOD, dead of disease.
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Figure 1 Expression of GGT versus tumour stage in ovarian yolk sac
tumours. The percentage of tumour cells that were GGT-positive is shown for
stage I–IV yolk sac tumours. Expression of GGT was significantly lower in
stage I tumours in comparison to higher stage tumours (P < 0.01)
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Ovarian yolk sac tumours and embryonal carcinoma of
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Figure 2 Immunohistochemical detection of GGT in an embryonal
carcinoma. The embryonal carcinoma from patient no. 16. Note that in many
of the tumour cells the stain is localized to the surface membrane which is
the location of GGT in normal tissues in which it is expressed
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Table 2 Germ cell tumours with mixed histology: GGT immunohistochemical stain

Patient GGT-
number Age Stage Histology positive

Female
17 16 IIIc Yolk sac 5%

Dysgerminoma 0%
Male
18 21 I Embryonal 90%

Seminoma 0%
19 29 II Embryonal 50%

Seminoma 0%
20a 22 II Embryonal 10%

TMT, treatment; P, cisplatin; E, etoposide (VP16); B, bleomycin; CR, complete resp
stated that tumour was a mixture of embryonal carcinoma, teratoma and choriocarc
included only embryonal carcinoma.
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ing and response to treatment

Survival
TMT Response (months) Status

PEB CR 76 NED

None CR 97 NED

PEB CR 67 NED

PEB CR 80 NED

onse; NED, no evidence of disease. aThe pathology report for this patient
inoma. The tissue examined for this study was a lymph node metastasis that
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Table 3 Human germ cell tumours: expression of GGT and response to cisplatin-based chemotherapy

GGT-positive tumours/ Number of tumours Complete response
total number of treated with cisplatin- following cisplatin-

Histology tumours analysed based chemotherapy based chemotherapy

Seminoma 0/17 4 100%
Dysgerminomas 0/4 0 –
Yolk sac 12/12 11 73%
Embryonal 4/4 4 100%
Mixed histology 4/4 3 100%
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