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BRAF mutation in chemotherapy resistance of germ cell tumors 
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In Western countries, testicular germ cell tumors (GCTs) of adolescents and adults, 

the so called type II TGCTs are the most frequent solid cancer found in Caucasian 

men aged 20-45 years accounting for up to 60% of all malignancies in this group [1]. 

The incidence is increasing continuously over the last decades. Due to a unique 

sensitivity to cisplatin-based chemotherapy, up to 80% of patients with metastatic 

disease can be cured by combination of chemotherapy and tumor resection in case 

of residual disease [2]. However, even with modern treatment, type II GCTs are a 

deadly disease in a minority of cases (approximately 5% of all patients), and the 

biology underlying treatment failure is poorly understood [3]. Various findings point 

towards a key role of DNA damage response in the exceptional cure rates in these 

cancers achieved by DNA damaging therapy [4]. The role of mismatch repair (MMR) 

deficiency and microsatellite instability (MSI) has previously been investigated, yet 

results have been controversial [5-8]. A correlation between MSI and activating 

mutations like BRAF V600E, as has been described in colorectal cancer [9-11], has 

not been investigated in resistant type II GCTs so far.  

In the Laboratory of Experimental Patho-Oncology (ErasmusMC, Rotterdam, 

the Netherlands, headed by prof., dr. Leendert H.J. Looijenga) I was able to analyze 

a unique series of 35 clinically well documented chemotherapy resistant type II GCTs 

and to compare them with a series of 100 controls. We can show for the first time a 

correlation between a gene mutation – BRAF V600E – and cisplatin resistance in 

non-seminomatous type II GCTs. Furthermore a correlation between MMR 
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deficiency, MSI and treatment failure is confirmed from studies done in this 

workgroup before [3, 6]. 

MSI was examined in 135 type II GCTs and corresponding normal tissue using 

a panel of established mono- and dinucleotide markers, including the so called 

“Bethesda panel” [12] (BAT25, BAT26 as mono-, and D2S123, D5S346, D17S250, 

BATRII, BAT40, and MSH6 as dinucleotide markers). In the cohort of 35 resistant 

tumors we could find an incidence of MSI affecting a single locus in two cases (6%, 

designated MSI low), and in nine cases showing two or more affected loci (26%, 

designated MSI high). The most frequently affected loci were D2S123, D5S346, 

D17S250, and BAT40, whereas MSH6, BAT25 and BAT26 were never affected. In 

the cohort of 100 controls, six tumors (three seminomas, three non-seminomas) 

showed MSI (6% in total). All cases were MSI low, affecting exclusively dinucleotide 

markers: BAT40 in the three non-seminomas, and D17S250, BAT40, and MSH6 in 

one case each of the seminomas. The difference in MSI high between unselected 

and refractory GCTs was statistically significant (p<0.001). Clinically the MSI high 

cases showed no difference in overall survival (34 months versus 18 months, 

p=0.37), but a trend towards a longer median progression-free survival (12 months 

versus 6 months, p=0.068), compared to the MSI low and microsatellite stable (MSS) 

cases. 

The incidence of BRAF mutation 1796T>A (resulting in V600E) in both 

resistant and unselected tumors was assessed using the high sensitive FRET 

technique. Nine resistant non-seminomas (26%) showed a BRAF mutation, whereas 

only one tumor (non-seminoma) in the group of 100 unselected patients was 

mutated. This difference between the groups was highly significant (p<0.001). The 

BRAF mutated cases showed no differences in overall survival (34 months versus 18 
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months, p=0.34) or median progression-free survival (12 months versus 6 months, 

p=0.19) compared to patients with wild-type BRAF.  

In the control series, expression of hMLH1, hMLH2, hMSH2 and PMS2 by 

immunohistochemistry was found in seminomas (n=50) in 98%, 98%, 98%, and 50% 

and in non-seminomas (n=50) in 96%, 98%, 98%, and 48%, respectively. In the 

series of resistant tumors, assessment of MMR proteins was possible in 33 and 34 

cases for hMLH1/PMS2 and hMSH2/hMSH6 respectively. Expression of hMLH1, 

hMLH2, hMSH2 and PMS2 was found in 76%, 91%, 88%, and 30%, respectively. 

The percentage of tumors showing no or low expression of either hMLH1 or hMSH6 

was significantly higher in the resistant samples, compared to the unselected tumors 

(p=0.001 and 0.036, respectively, Fisher’s Exact Test). In the group of the resistant 

tumors, hMLH1 promotor methylation was detected in nine tumors (31%). 

Methylation correlated highly with lack of hMLH1 protein expression (p<0.001, 

Pearson correlation). Weak or absent immunohistochemical staining of hMLH1 

correlated with both MSI and mutated BRAF (p=0.017 and p=0.008, Pearson 

correlation). Furthermore, weak or absent PMS2 staining correlated with mutated 

BRAF (p=0.04). In tumors showing MMR deficiency, positive correlations were found 

between low or absent expression of hMLH1/PMS2 (so called hMutLα complex, 

p=0.02) and hMSH2/hMSH6 (so called hMutSα complex, p<0.001).  

To my knowledge, this present series of 35 truly resistant cases is the largest 

ever analyzed in GCTs with respect to molecular markers. Assuming that 

approximately 90-95% of all GCT patients (all histologies, all stages) will achieve long 

term survival [13], this series represents a subgroup suffering from treatment failure 

of an estimated total of 400-700 GCT patients. Having discovered a correlation 

between MSI and chemotherapy resistance in GCTs, our findings were confirmed by 

others [7, 8, 14] and our analyses reveal a critical role of both MMR deficiency and 



 4 

MSI, and for the first time describe a correlation of BRAF mutation V600E with 

treatment resistance in non-seminomatous GCTs. In contrast to differences 

depending on histological elements our data suggest the existence of a distinct 

molecular subtype of GCTs, characterized by cisplatin resistance, MSI high, low or 

absent expression of MMR proteins, at least partially caused by promoter 

hypermethylation, and high incidence of BRAF mutation V600E. In fact, no significant 

differences in molecular markers or clinical response between the histological 

subgroups have been found and no correlations between a certain histological 

element and a feature could be seen, except for hMSH2 in yolk sac tumors. Although 

the limited number of cases investigated preclude any strong conclusions. 

Our results add important findings towards a better understanding of treatment 

resistance in GCTs. We confirm a positive association between unfavourable 

treatment outcome and MMR deficiency and MSI, raising the question whether these 

factors could serve as both prognostic and predictive markers. This issue should be 

clarified by a translational approach in prospective clinical trials. In addition to 

identifying alterations that can potentially be used in screening and monitoring of 

treatment response, our analysis could provide a biological explanation for the 

response seen with the use of cytotoxic drugs with good activity in MSI tumors. 

Finally, the discovery of BRAF mutation V600E as the first gene mutation with a 

potential role in chemotherapy resistance in non-seminomatous GCTs holds promise 

for the future use and development of targeted therapies. Multi-kinase inhibitors 

targeting BRAF, like sorafenib, are clinically well established [15, 16], and anticancer 

agents, and substances that inhibit the downstream pathway involving the mitogen-

activated protein kinase (MAPK) are in clinical development [17-19].  
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The results described above are accepted for publication in the Journal of Clinical 

Oncology [20]. 
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