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To The Editor 

Mutations in the BRAF serine/threonine kinase are found in 50-70% of human cutaneous 

melanomas. The most common alteration is V600E, a change which induces constitutive 

activity. Two groups have independently developed transgenic mice to express Braf
V600E

 at 

physiological levels from the endogenous Braf locus after recombination mediated by cre 

recombinase. The two alleles, "Braf
CA

" (Dankort et al., 2007) and "LSL-Braf
V600E

" (Mercer 

et al., 2005), while similar, are not completely equivalent. 54% of Tyr-creER; LSL-

Braf
V600E

 mice developed melanoma 12 months after topical tamoxifen treatment at 2-3 

months of age (Dhomen et al., 2009), while no Tyr-creER; Braf
CA

 mice developed 

melanoma following topical tamoxifen application during the neonatal period (Dankort et 

al., 2009). Both groups found nevi-like hyper-pigmentation throughout the dermis soon 

after induction, but the long latency for malignant tumor formation suggested that Braf
V600E

 

alone was not sufficient to drive melanoma progression. In addition, when either Braf
V600E

 

allele was induced during embryogenesis using Tyr-cre, no viable progeny were obtained at 

weaning age (Dankort et al., 2009; Dhomen et al., 2010). In Dhomen et al., 2010, the 

mutant embryos were found to develop hydrocephalus, which likely caused their demise 

shortly after birth (Dhomen et al., 2010). Cultures taken from these BRAF
V600E 

expressing 

embryos possessed rapid tumor forming ability in nude mice. 

Because Braf
V600E

 mouse melanoma has previously been initiated only in Tyrosinase 

expressing cells, we wanted to investigate the impact of using a different gene driver on 

Braf
V600E 

melanoma presentation. We recently described a GNAQ
Q209L

-driven uveal 

melanoma mouse model using the melanocyte specific transgene, Mitf-cre (Alizadeh et al., 

2008; Huang et al., 2015). Mitf-cre is a 185 kb BAC transgene that has cre inserted into the 

first exon of the melanocyte specific transcript of the Microphthalmia-associated 

transcription factor gene. We first asked whether Mitf-cre in combination with the Braf
CA

 

allele used by Dankort et al. would cause lethality, like Tyr-cre (Dankort et al., 2009; 

Dankort et al., 2007). We found that Braf
CA

/+; Mitf-cre/+ animals were obtained at the 

expected Mendelian ratio at weaning age. A low efficiency of Mitf-cre during 

embryogenesis (estimated to be ~25% at E15.5) or an absence of Mitf-cre expression in the 

brain might account for the differences in viability compared to Tyr-cre (Deo et al., 2013). 
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Braf
CA

/+; Mitf-cre/+ mice could be phenotypically distinguished from Braf
CA

/+; +/+ 

littermates as early as postnatal day 2 due to a darker appearance of the ears, tail, and trunk, 

and smaller size (Fig. 1A). Reduced size is a known characteristic of Mitf-cre mice (Huang 

et al., 2015). The trunk skin of Braf
CA

/+; Mitf-cre/+ neonates was darker due to an increase 

in the density of visibly pigmented hair follicles (Fig. 1B). At weaning age, Braf
CA

/+; Mitf-

cre/+ mice presented generalized hyper-pigmentation throughout the skin, consequent of 

heavily pigmented hair follicles and epithelioid and spindle pigmented cells in the 

hypodermis and dermis, mostly around hair follicles (Fig. 1C-E and Fig. S1A). In the tail, 

where there is normal pigmentation in the inter-follicular epidermis, enhanced melanin 

capping of nuclei in the keratinocytes of the basal layer was found (Fig. 1E). While some 

mice carrying Mitf-cre exhibit anophthalmia, others in our colony possess more normal 

eyes (Huang et al., 2015). In the latter group, we did not find any obvious changes to the 

uveal tract in  Braf
CA

/+; Mitf-cre/+ eyes (Fig. S2). In addition, there was no hyper-

pigmentation present in the leptomeninges of the brain or spinal cord (Fig. S1B). 30% of 

Braf
CA

/+; Mitf-cre/+ mice exhibited a lighter coat color (Fig. S1C). 

 

We next studied the effect of Mitf-cre on Braf
V600E

 melanoma formation. For this, we 

analyzed Braf
CA

/+; Mitf-cre/+ mice on two different Pten backgrounds: Pten-wildtype 

(Braf
CA

/+; Mitf-cre/+; +/+) and Pten-heterozygous (Braf
CA

/+; Mitf-cre/+; Pten
flox

/+). Pten 

loss has previously been studied in combination with Braf
V600E

 (Dankort et al., 2009). The 

genetic background of our study consisted of C3H:C57 F1. At weaning age, Pten-

heterozygous and Pten-wildtype animals exhibited similar levels of skin hyper-

pigmentation (data not shown). All Pten-wildtype mice went on to develop either one or 

two melanomas with a median latency of 28 weeks, whereas the Pten-heterozygous mice 

developed multiple tumors (average = 10) simultaneously with a median latency of 8 weeks 

(Fig. 2A, B). Mice reached humane endpoint when combined tumor mass exceeded 10% of 

body mass, thus tumors in the Pten-wildtype group were allowed to grow longer and larger 

and one third developed ulceration (Fig. 2C). Ulceration was not observed in the Pten-

heterozygous group. The tumors in Pten-wildtype mice were mostly hypo-pigmented 

(almost amelanotic), while Pten-heterozygous mice bore an equal mix of partially 
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pigmented and hypo-pigmented tumors (Fig. 2C). In both Pten backgrounds, the dome-

shaped lesions were mostly located on hairy skin, however two Pten-heterozygous mice 

(15%) developed hypo-pigmented melanomas on the tail as well. 

 

Histological analysis showed that all Pten-wildtype and most Pten-heterozygous tumors 

were confined to the dermis and were S100B-positive (Fig. 2D). Interestingly, 15% of 

tumors from Pten-heterozygous mice also showed strong S100B staining in the overlying 

epidermis, which suggested possible pagetoid spread, as these tumors developed on the 

trunk and the inter-follicular epidermis of the mouse trunk lacks melanocytes (Fig. 1 E and 

Fig. 2D). In both Pten backgrounds, Pten protein could still be detected in the tumors by 

IHC (Fig. 2D). Staining for the Ki67 proliferation marker showed that melanomas from 

Pten-heterozygous mice had a significantly higher proliferative index compared to 

melanomas from Pten-wildtype mice (16% vs 7%, respectively, p = 0.024) (Fig. 2E). 

Although 100% of mice in both Pten backgrounds exhibited pigmented lymph nodes, no 

signs of distal metastasis to the lungs and liver were found at humane endpoint (Fig. 2F).  

 

In summary, our findings are consistent with the previously described cooperative effects 

of Braf
V600E

 with Pten loss in accelerating melanoma progression. We also found that the 

Braf
CA

 knock in allele used in Dankort et al., was capable of inducing melanoma even 

without Pten loss (Dankort et al., 2009). Our histological findings are very similar to the 

previously reported effects of Braf
V600E 

driven by Tyr-creER with tamoxifen induction in 

adulthood. The main difference we observed when using Mitf-cre was in latency. In 

Dankort et al., 2009, the median reported survival of Braf
CA

/+; Tyr-CreER/+; Pten
flox

/+ 

mice was ~36 weeks following tamoxifen treatment (Dankort et al., 2009), while only 54% 

of Braf
CA

/+; Tyr-CreER/+ mice described in Dhomen et al., 2009 had developed 

melanoma 12 months after treatment. Furthermore, we note that our model differs from 

Tyr-Braf
V600E

 transgenic mice, which developed tumors with a Schwannian differentiation 

pattern with low frequency and long latency, likely due to weak Braf
V600E

 expression (Goel 

et al., 2009; Luo et al., 2015). 
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Because of the coincidental eye defects present in Mitf-cre mice and because low levels of 

Mitf were found to be oncogenic in combination with BRAF
V600E

 in a zebrafish model 

(Lister et al., 2013), we tested whether endogenous Mitf expression levels were altered by 

the presence of the Mitf-cre transgene, perhaps by competition for a limited supply of 

transcription factors. In neonatal trunk skin, we found no significant difference in Mitf 

expression levels by RT-qPCR (data not shown). This finding does not support the 

hypothesis that altered Mitf levels in the skin are the cause of the accelerated melanoma 

development in Braf
CA

/+; Mitf-cre/+ mice. 

 

To conclude, in contrast to Tyr-cre, expression of Braf
V600E

 using Mitf-cre did not cause 

embryonic lethality. Mitf-cre induced rapid melanoma formation. The histopathology of the 

tumors, either with or without Pten haploinsufficiency, was similar to previously described 

Braf
V600E

 melanoma induced by Tyr-creER in adult mice. We conclude that Mitf-cre is an 

alternative option to study the effects of Braf
V600E 

in mice, and might reveal insight into the 

rate limiting step(s) of melanomagenesis. 
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Fig 1. Expression of Braf
V600E

 by Mitf-cre leads to generalized hyper-pigmentation. (A) 

Braf
CA

/+; Mitf-cre/+ neonates exhibited darker ear, tail, and trunk skin, indicated with 

yellow arrows. (B) A significant increase in the density of pigmented hair follicles in 

Braf
CA

/+; Mitf-cre/+ neonatal trunk skin (p=0.024, t test).  (C) Hyper-pigmentation in 

trunk, ears, and feet of 6-week old Braf
CA

/+; Mitf-cre/+ mice. (D) Both the epidermis and 

dermis of the tail in Braf
CA

/+; Mitf-cre/+  mice is darker at 6 weeks. (E) H&E staining of 

4-week old Braf
CA

/+; Mitf-cre/+ and control trunk and tail skin. There is hyper-

pigmentation of the hair follicles, dermis, and hypodermis in Braf
CA

/+; Mitf-cre/+ trunk 

and tail skin. In the tail, there is also enhanced melanin capping of nuclei in the 

keratinocytes of the basal layer of the inter-follicular epidermis. Yellow arrows highlight 

examples of melanotic cells in the dermis and capped keratinocytes in the epidermis.  

 





Fig 2. Expression of BrafV600E by Mitf-cre causes melanoma with and without Pten 

haplo-insufficiency. (A) Tumor-free plot of Pten-wildtype mice (BrafCA/+; Mitf-cre/+; 

+/+),  n=10, and Pten-heterozygous mice (BrafCA/+; Mitf-cre/+; Ptenflox/+), n=12. Control 

genotypes were BrafCA/+; +/+; Ptenflox/+, n=12, and +/+; Mitf-cre/+; Ptenflox/+, n=7. Log 

rank test (Mantel-Cox) indicates a significance difference in the Pten-wildtype and Pten-

heterozygous latency (p < 0.0001). (B) Total number of tumors per mouse in BrafCA/+; 

Mitf-cre/+; +/+ (n=8) and BrafCA/+; Mitf-cre/+; Ptenflox/+ (n=6) mice at humane endpoint 

(*p <0.0001, t test). (C) Representative macroscopic appearance of tumors in Pten-

wildtype and Pten-heterozygous mice, with graphs showing tumor volume and percent of 

partially pigmented versus hypo-pigmented (almost amelanotic) tumors. White arrow, 

ulceration; blue arrows, partially pigmented tumors; yellow arrows, hypo-pigmented 

tumors. (D) Representative H&E staining and S100, Ki67, and Pten IHC in various tumors. 

Yellow arrows indicate melanocytes in the trunk inter-follicular epidermis overlying a 

Pten-heterozygous tumor. (E) Quantification for Ki67 staining (n=4, Pten-wildtype; n=6, 

Pten-heterozygous.) p = 0.026, t test. (F) Representative pigmented lymph node, intact 

(left) and after H&E staining (right), from a Pten-heterozygous mouse at 7 weeks of age. 
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Supplementary Figures 

 

 
Supplementary Figure 1 

(A) H&E histological analysis of trunk skin from BrafCA/+;Mitf-cre/+ and BrafCA/+;+/+ mice at 

36 weeks of age. Red arrowheads indicate darkly pigmented cells in the dermis and hair follicles 

of the BrafCA/+; Mitf-cre/+ skin. (B) No pigmentation was observed in the leptomeninges of 

BrafCA/+; Mitf-cre/+ mice.  Rosa26-fs-GNAQQ209L/+; Mitf-cre/+ mouse is shown for comparison 

(Huang et al., 2015). (C) 30% of BrafCA/+; Mitf-cre/+ mice exhibited an apparent increase in 

pheomelanin in the coat, visible in the mouse to the right. 



 

 

 

Supplementary Figure 2 

H&E histological analysis of eyes from +/+; Mitf-cre/+ and BrafCA/+; Mitf-cre/+ mice. No 

differences in the uveal tract were detected.



Supplementary Methods 

Mice 

The research described in this article was conducted under the approval of the UBC Animal Care 

Committee. DNA from ear notches was isolated using DNeasy columns (Qiagen) and amplified 

using PCR. Mitf-cre (Tg(Mitf-cre)7114Gsb), BrafCA (Braftm1Mmcm), Ptenflox (Ptentm1Hwu) mice were 

genotyped as previously described (Alizadeh et al., 2008, Dankort et al., 2007). Mitf-cre was 

maintained on the C3HeB/FeJ genetic background, while homozygous BrafCA; heterozygous 

Ptenflox mice were obtained from Jackson labs on the C57BL/6 background. F1 progeny were 

used for analysis. On the C3HeB/FeJ genetic background, Mitf-cre animals are smaller than non-

transgenic animals and 60% exhibit anophthalmia (Huang et al. 2015). 

 

Histology and immunohistochemistry 

Tissues were fixed in 10% formalin for a minimum of 48 hours and embedded in paraffin, and 5-

mm sections were stained with hematoxylin and eosin. For IHC, a pressure system for heat-

induced epitope retrieval was performed using a digital decloaking chamber (Biocare Medical) 

and an antigen unmasking solution (H-3300, Vector Laboratories). The sections were incubated 

with antibodies recognizing PTEN (138G6 rabbit, Abcam,1:200), Ki67 (SAB5500134, Sigma, 

1:200), S100B (ab52642, Abcam, 1:1000) and then processed with the VECTASTAIN Elite 

ABC Kit (PK6101) and the DAB Peroxidase Substrate Kit (SK4100, Vector Laboratories) 

according to the manufacturer’s instructions. Quantification of Ki67 was determined using Image 

Analysis (Algorithm Positive Pixel Count v9) by Aperio ImageScope v.12.3.2.8013. Tumor size 

was calculated as a half volume of a sphere  (4.19r3)/2, where r is the radius for a tumor.  

 

RT-qPCR for Mitf 

Mitf-cre/+ and +/+ P4 neonates (n=5 each) were euthanized and tail skin was removed. RNA was 

extracted from 15-25 mg of skin using the RNAqueous-4PCR kit (Ambion). 1ug of RNA from 

each sample was reverse transcribed using random primers (Superscript VILO, Life 

Technologies). For Mitf, the forward primer was located in Exon 9 (5’-3’ 

GAACAGCAACGAGCTAAGGA) and the reverse primer was located in Exon 10 (5’-3’ 

GTGGATGGGATAAGGGAAAG). For normalization purposes, the housekeeping Ppia gene 

was used (Forward: CGCGTCTCCTTCGAGCTGTTTG and reverse: 



TGTAAAGTCACCACCCTGGCACAT). 
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