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Figure V-2. Immunostaining of MT-3 in Nevi and Melanoma Cells. A: in this 

intradermal nevus, the neval cells, which located in the dermis, show moderate to strong 

expression of MT-3 (*). The epidermis at the top of the image is moderately positive for 

MT-3 (#); B: in this case of in situ melanoma, two nests of melanoma cells in the 

epidermis are moderately to strongly positive for MT-3 (*). The epidermis is moderately 

positive for MT-3 (#); C: in this superficial spreading melanoma, some melanoma nests, 

located in the superficial dermis, show strong staining of MT-3. The overlying epidermis 

is mildly positive for MT-3 (#); D: in this deeply invasive melanoma, the tumor cells are 

strongly positive for MT-3 (*). In the top-left corner is a small section of epidermis (#), 

which is mildly positive for MT-3 (#); E: another case of deeply invasive melanoma. In 

the center of this image is a hair follicle (+) with two keratin pearls (arrows) in it. The 

hair follicle shows moderate staining of MT-3. Around the follicle are nests of invasive 

melanoma cell (*), which show strong staining of MT-3. F: BCC (T06–8133) with 

negative staining of MT-3. 
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While MS-275 treatment was effective in both cell lines, MS-275 increased MT-3 mRNA 

levels in NHEK cells 10 to 20 fold greater than those of the HaCaT cell line. Treatment 

of the NHEK and HaCaT cells with 5-aza-2′-deoxycytidine, resulted in a small, but 

statistically insignificant increase in MT-3 mRNA expression for both cell types (Fig V-

3A, B). 

MT-3 expression in normal human melanocytes (NHM) 

 Normal human melanocytes (from a light pigmented donor) were assessed in 

proliferating and confluent cultures for expression of MT-3 mRNA and protein. Both cell 

cultures showed only background levels of mRNA as demonstrated with real-time PCR 

(Fig V-3C) and only background levels of protein (data not shown). 

 In order to test for epigenetic regulation, cultures were treated with the histone 

deacetylase inhibitor, MS-275 and the DNA methylation inhibitor, 5-aza-20-

doxycytidine. The results demonstrated that treatment with MS-275 was effective in 

restoring MT-3 mRNA expression in the NHM cells (Fig V-3C). Treatment of the 

HEMa-LP with 5-Aza-20-deoxycytidine, resulted in only a slight but statistically 

significant increase in MT-3 mRNA expression (Fig V-3C). 

 

  

http://www.sciencedirect.com/science/article/pii/S037842741401371X#fig0015
http://www.sciencedirect.com/science/article/pii/S037842741401371X#fig0015
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Figure V-3.  Expression of MT-3 in primary normal human keratinocytes (NHEK),  

Immortalized Human Keratinocytes (HaCaT), and normal human melanocytes 

(HEMa-LP). NHEK (A) HaCaT (B) and HEMa-LP (C) cells were exposed to 1, 3, or 10 

μM of the histone deacetylase inhibitor MS-275 for up to 72 h, or to 1 or 3 μM 5-

azacytidine for 24 h. The post-confluent control was held at confluency for at least 72 h. 

Messenger RNA levels for MT-3 were assessed using real-time PCR and gene specific 

primers on RNA isolated from cells in culture. Expression levels are expressed as 

transcripts per 1000,000 transcripts of β-actin which was also assessed using real-time 

PCR. Significant differences from control groups are designated as **p < 0.005, ***p < 

0.0005 as determined by student’s unpaired t-test. 

  

C: 
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Discussion 

 The present study establishes that MT-3 is expressed in human skin. The 

immunoreactivity for MT-3 was present in all viable keratinocytes comprising the 

epidermis. The finding that MT-3 was present in the epidermal keratinocytes has a 

potential impact on the known association of arsenic exposure and the development of 

skin disorders and related cancers. All members of the MT gene family (MT-1, -2, -3 and 

-4) are known to bind heavy metals, including As
+3

 (Vasak and Meloni, 2011, Irvine et 

al., 2013 and Garla et al., 2013). Previous studies employing a monoclonal antibody 

against the E-9 epitope of the MT-1, -2, and -4 isoforms demonstrated that these 3 

isoforms are poorly expressed in human skin and with expression restricted to the basal 

keratinocytes (Van den Oord and Delay, 1994, Karasawa et al., 1991 and Zamirska et al., 

2012). The high sequence homology of these 3 isoforms prevents the generation of 

specific antibodies to the individual isoforms. In contrast, the present study shows that a 

large majority of keratinocytes in the epidermis of normal human skin are moderately to 

strongly immunoreativity for MT-3. These findings were consistent for 9 independent 

samples of human skin. The antibody used for the localization of MT-3 is specific since it 

was generated against the unique C-terminal amino acid sequence that is present only in 

this MT isoform (Garrett et al., 1999). The fact that human keratinocytes contain 

substantial levels of MT-3, and that MT-3 can bind As
+3

, suggests a possible role for MT-

3 in the selective accumulation and sequestering of As
+3

 in skin. One hypothesis to 

explain why skin is highly responsive to arsenic exposure and cancer development is that 

skin localizes and store As
+3

 due its high keratin content and the corresponding favorable 

interaction with sulfhydryl groups (Kitchen, 2001 and Lindgren et al., 1982). The current 

http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0220
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0070
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0070
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0050
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0215
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0075
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0235
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0235
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0055
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0080
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0105
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finding suggests that MT-3 might play an additive, or possibly larger, role in the ability 

of skin to sequester and store As
+3

 in individuals chronically exposed to this metalloid. 

Evidence to support the concept that MT expression in a normal target tissue can elicit 

chronic effects can be found in the nephropathy associated with chronic exposure to 

cadmium. The MT-1 and MT-2 isoforms are predominantly expressed in the proximal 

tubules of the human kidney, and this expression is initiated during the early development 

of the kidney (Mididoddi et al., 1996). The MT-3 isoform is also expressed in the 

proximal tubules and other tubular elements of the human kidney (Garrett et al., 1999). 

The cortex of the human kidney has been shown to accumulate cadmium, as a function of 

age, in humans without occupational exposure (Satarug et al., 2002 and Satarug et al., 

2010). Accumulation is assumed to occur through cadmium's interaction with MT and 

accumulation has been shown to reach a plateau at approximately 50 years of age. 

Despite the MT's being looked upon as having a protective role against heavy metal 

toxicity in general, and the proximal tubule in particular (Liu et al., 1995, Liu et al., 

1998, Liu et al., 2000 and Masters et al., 1994), the fact remains that the kidney and the 

proximal tubule is the cell type critically affected by chronic exposure to cadmium 

(Andrews, 2000, Bernard et al., 1976, Bosco et al., 1986 and Gonich et al., 1980). It has 

been shown in human population studies that even low exposure to cadmium alters renal 

tubule function (Akesson et al., 2005). Thus, there is evidence in the kidney that pre-

existing expression of MT in the renal tubules both protects the kidney from cadmium 

exposure, but this expression might also render the organ susceptible to the chronic 

effects of the metal. There is little evidence, either for or against, that would support a 

similar role for MT-3 expression in human skin as regards the chronic effects of exposure 

http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0130
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0055
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0155
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0160
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0160
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0110
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0115
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0115
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0120
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0125
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0010
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0020
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0030
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0060
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0005
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to arsenic.  The present study demonstrates that MT-3 is prominently expressed in the 

majority of cells comprising the nevus, dysplastic nevus, in situ melanoma, superficial 

melanoma, and deeply invasive melanoma. Although the sample set was relatively small, 

there was no indication that expression was variable within or between disease 

categories. A consequence of this pattern of constant MT-3 expression is that the 

melanocytes, in all stages of progression, are able to continue to bind and accumulate 

As
+3

 in an environment where exposure to As
+3

 is at elevated levels. Unfortunately, there 

is very little information in the literature on conditions or mechanisms in vivo that would 

influence the release of As
+3

 from MT-3 inside a cell or tissue. One could speculate that 

if ultraviolet radiation influenced the release of As
+3

 from MT-3, it might impact on 

emerging research which suggests a linkage between the development of melanoma and 

co-exposure to As
+3

 and ultraviolet radiation ( Cooper et al., 2014). The expression of 

MT-1 and -2 has been examined in patients with melanoma. It was shown that a gain of 

expression of MT-1 and -2 is an adverse prognostic and survival factor for patients with 

this cancer ( Weinlich et al., 2003 and Weinlich et al., 2006). In contrast to MT-3, MT-1 

and -2 is not expressed in the nevus and is gained later during the development of the 

cancer.  The present study also shows that MT-3 is expressed in the normal human 

epidermal keratinocytes that would give rise to these cancers. The examination of these 

cancers show that all SCC exhibit robust expression of MT-3, and that the majority of 

BCC express MT-3 although a significant proportion express mild levels and some BCC 

failed to immunostain for this protein.  The results of the present study also show that cell 

cultures of NHEK, HaCaT immortalized human keratinocytes, and normal human 

melanocytes do not express MT-3 as would be unexpected from their in situ patterns of 

http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0040
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0225
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0230
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MT-3 expression. This observation shows that these cell lines are lacking a protein that 

can both bind and sequester As
+3

 as well as serving as an antioxidant. The MT-3 protein 

has also been shown to have growth inhibitory activity outside the neural system ( Gurel 

et al., 2003), be involved in necrotic and apoptotic cell death ( Somji et al., 

2004 and Somji et al., 2006) and in the epithelial to mesenchymal transition ( Kim et al., 

2002 and Bathula et al., 2014). Exactly how this might impact on studies using these cell 

lines to elucidate the mechanism/s of As
+3

 toxicity and carcinogenicity is unknown, but 

may need to be considered in the interpretation of past and future studies. The loss of 

MT-3 expression in cell cultures derived from tissues where MT-3 is expressed may be a 

result of the cell culture environment. This is suggested by studies on MT-3 expression in 

bladder cancer and breast cancer cell lines. This laboratory has shown that the epithelial 

cells of the human bladder and breast do not express MT-3, but that the majority of 

patient specimens of breast and bladder cancers do express MT-3 ( Sens et al., 2000, Sens 

et al., 2001, Zhou et al., 2006 and Somji et al., 2010). In studies examining MT-3 

expression in As
+3

 and Cd
+2

transformed bladder cancer cell lines and in MCF-7, T-47D, 

Hs 578 t, MDA-MB-231 breast cancer cell lines it was demonstrated that none of the cell 

lines expressed MT-3 ( Zhou et al., 2006). However, when these cell lines were 

transplanted into immune compromised mice, all the resulting tumors showed prominent 

expression of MT-3. It has also been shown that the expression of MT-3 mRNA could be 

induced under cell culture conditions in the MT-3 non-expressing cell lines following 

treatment with MS-273, a histone deacetylase inhibitor ( Somji et al., 2010 and Somji et 

al., 2011). These results suggest that MT-3 is silenced under cell culture conditions by a 

mechanism involving histone acetylation.  Previous to the submission of this manuscript, 

http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0065
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0065
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0180
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0180
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0185
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0085
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0085
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0015
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0170
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0175
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0175
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0240
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0190
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0240
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0190
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0195
http://www.sciencedirect.com/science/article/pii/S037842741401371X#bib0195
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no studies of MT-3 expression in human skin or derived cancers existed in the literature; 

however, recently a study was published during the review process that documents the 

expression of MT-3 in human skin, both in normal as well as BCC and SCC (Pula et al., 

2014). The findings of this study are in overall agreement with the above findings with 

the exception that they have found higher levels of MT-3 in SSC whereas the current 

study did not. Nevus, melanoma and cultured cell models were not assessed in this study. 
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