
AHNAK is downregulated in melanoma, predicts poor
outcome, and may be required for the expression of
functional cadherin-1
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The aim of this study was to further our understanding of
the transformation process by identifying differentially
expressed proteins in melanocytes compared with
melanoma cell lines. Tandem mass spectrometry
incorporating iTRAQ reagents was used as a screen to
identify and comparatively quantify the expression of
proteins in membrane-enriched samples isolated from
primary human melanocytes or three melanoma cells lines.
Real-time PCR was used to validate significant hits.
Immunohistochemistry was used to validate the expression
of proteins of interest in melanocytes in human skin and in
melanoma-infiltrated lymph nodes. Publically available
databases were examined to assess mRNA expression and
correlation to patient outcome in a larger cohort of samples.
Finally, preliminary functional studies were carried out using
siRNAs to reduce the expression of a protein of interest in
primary melanocytes and in a keratinocyte cell line. Two
proteins, AHNAK and ANXA2, were significantly
downregulated in the melanoma cell lines compared with
melanocytes. Downregulation was confirmed in tumor cells
in a subset of human melanoma-infiltrated human lymph
nodes compared with melanocytes in human skin.
Examination of Gene Expression Omnibus database data

sets suggests that downregulation of AHNAK mRNA and
mutation of the AHNAK gene are common in metastatic
melanoma and correlates to a poor outcome. Knockdown of
AHNAK in primary melanocytes and in a keratinocyte cell
line led to a reduction in detectable cadherin-1. This is the
first report that we are aware of which correlates a loss of
AHNAK with melanoma and poor patient outcome. We
hypothesize that AHNAK is required for the expression of
functional cadherin-1. Melanoma Res 26:108–116
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Introduction
Melanoma is a malignant tumor that originates in mel-

anocytes. It is the most serious and aggressive form of

skin cancer, and its incidence has increased over the last

two decades [1]. However, if recognized and treated

early, most individuals with thin, localized melanomas

can achieve a cure by appropriate surgery. Early detec-

tion remains the best treatment for skin cancer and the

cure rate continues to increase. However, if not captured

early, the cancer can advance and spread to other parts of

the body, where it becomes difficult to treat and can be

fatal. Although it is not the most common skin cancer, it

causes the most deaths [2].

Before 2011, the mainstay for the treatment of unre-

sectable malignant melanoma was the use of cytotoxic

drugs, with low response rates of between 10 and 20%

[3]. However, since then, our understanding of the

molecular basis for melanoma has led to major advances

in treatment [4], with drugs targeting molecular pathways

in tumor cells and developments in immune therapy.

Although these advances are having a significant impact

on melanoma treatment, it is a heterogeneous disease at

the molecular level and a significant proportion of

patients do not respond to new treatments. Therefore,

there remains a need to understand the molecular biology

of melanoma to identify new biomarkers for treatment

responses and new targets for therapy.

Although our understanding of melanoma has increased

in recent years [1], it is still not completely clear how a

melanocyte transforms into melanoma. However, it is

understood that proteins expressed in the melanocyte

cell membrane play a critical role in cell-to-cell contact

and function [5]. Identification of novel changes in
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membrane proteins expressed in melanoma cells com-

pared with normal human melanocytes would further our

understanding of the transformation process as well as

offer new therapeutic targets for monoclonal antibody

therapy or chimeric antigen receptor T cells. As pro-

teomic methods have advanced in recent years, a small

number of studies have used various proteome-analyzing

techniques to identify prognostic or diagnostic markers in

melanoma [6]. However, none, to our knowledge, have

used membrane protein-enriched samples with tandem

mass spectrometry incorporating iTRAQ quantification

reagents. Therefore, we used this method as an initial

screen to identify differentially expressed proteins pres-

ent in human primary melanocytes compared with three

human melanoma cell lines. Here, we report on two

proteins that, using this method, were found to be sig-

nificantly downregulated in melanomas compared with

melanocytes.

Materials and methods
Cell culture

Normal human epidermal melanocytes (NHEM) were

obtained from Cascade Biologics and were propagated in

phorbol myristate acetate-free melanocyte medium

(Cascade Biologics/Invitrogen, Auckland, New Zealand).

HaCaT cells and melanoma cell lines SKMEL23, DAGI,

and ME275 were propagated in RPMI1640 supple-

mented with 10% fetal bovine serum, 1× penicillin/

streptomycin/glutamine (Invitrogen) at 37°C with 5%

CO2.

Plasma membrane protein enrichment, identification,

and quantification

All cell samples were grown to full confluence in a T75

flask. Plasma membrane proteins were enriched using a

native membrane protein extraction kit (Calbiochem,

Gibbstown, New Jersey, USA). Samples were pre-

cipitated to remove any contaminating detergents from

the enrichment process using a protein precipitation kit

(Calbiochem). All samples were labeled with iTRAQ

quantification labels (Applied Biosystems, Melbourne,

Victoria, Australia) and combined for tandem mass

spectrometry analysis. The sample was separated on a

cation exchange column into 10 fractions before tandem

mass spectrometry analysis by a QSTAR XL Hybrid

MS/MS (Applied Biosystems).

Immunohistochemistry and immunocytochemistry

Immunohistochemistry was performed on 5 µm frozen

tissue sections and on cells seeded in chamber slides

(BD, Auckland, New Zealand) using mouse anti-

AHNAK (Abnova, Taipei City, Taiwan), mouse anti-

ANXA2 (Abcam, Cambridge, Massachusetts, USA),

mouse anti-MART1 (Serotec, Raleigh, North Carolina,

USA), or mouse anti-cadherin-1 (Abcam) for 1 h at room

temperature, followed by the appropriate secondary

antibodies (Molecular Probes, Auckland, New Zealand)

and 4′,6-diamidino-2-phenylindole nuclear stain

(Molecular Probes) for 1 h at room temperature. Stained

samples were analyzed using a fluorescent microscope

with the × 10, × 20, or × 40 objective lens. Exposure

times were determined for each protein to be at just

below the saturation point when examining the slide with

the highest protein expression levels. They were main-

tained to be constant within each experiment.

Quantitative real-time polymerase chain reaction

Total RNA was isolated from all samples using an

RNeasy Mini Kit (Qiagen, Doncaster, Victoria, Australia).

First-strand cDNA was synthesized for all samples using

random hexamer primers and SuperScript III reverse

transcriptase (Invitrogen). Quantitative real-time (RT)-

PCR was carried out on a 7900HT Real Time PCR

System (Applied Biosystems) with Power SYBR Green

PCR master mix. PCR cycling parameters were 50°C for

2min, 95°C for 10min, followed by 40 cycles of 95°C for

15 s and 60°C for 60 s, with a final SYBR disassociation step

to ensure that a single PCR product was being produced.

The following primers were used: AHNAK – 5′-GTGAC

CGAGATTCCCGACGA-3′, 3′-AGCTCCCGGGTTGTC

TCCTC-5′; ANXA2 – 5′-CGCAGCAATGCACAGAGA
CA-3′, 3′-CCTGCAGCTCCTGGTTGGTT-5′; GAPDH –

5′-TGGTCACCAGGGCTGCTT-3′, 3′-TTGACGGTGC

CATGGAATT-5′; HPRT1 – 5′-GACCAGTCAACAGGG
GACAT-3′, 3′-AACACTTCGTGGGGTCCTTTTC-5′.
PCR products produced using these primers were sequence

confirmed to ensure specificity. Results for AHNAK and

ANXA2 were normalized against the two endogenous

reference genes GAPDH and HPRT1. Taqman reagents

(ABI) were used to analyze the knockdown of AHNAK and

cadherin-1 (CDH1) (Fig. 5c) and were normalized to HPRT1
expression using standard methods as described pre-

viously [7].

Transfection experiments

Cells were transfected with 10 nmol/l ON-TARGETplus

SMARTpool siRNAs (Dharmacon, Lafayette, Colorado,

USA) targeting human AHNAK, CDH1, or a scrambled

control. For HaCaT cells, RNAi max (Invitrogen) was

used as the transfection reagent according to the manu-

facturer’s instructions. For melanocytes, HiPerFect

(Qiagen) was used as the transfection reagent according

to the manufacturer’s instructions. Fluorescently labeled

BlockIT siRNA (Invitrogen) was used to assess trans-

fection efficiency. Immunocytochemistry was performed

72 h after transfection or RNA was harvested, and levels

of AHNAK and CDH1 mRNA were assessed by RT-PCR

as described above.

Analysis of Gene Expression Omnibus database data

For all analyses of published Affymetrix microarray data,

CEL files corresponding to each tissue sample were

downloaded from the Gene Expression Omnibus (GEO)

database. Normalization of array data within each study
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was performed from the raw data in cel files using the

RMA method [8] without background correction.

Kaplan–Meier survival analysis with significance tests

and significance tests using Cox proportional hazards

models was carried out using the R survival package

(http://cran.r-project.org/web/packages/survival/).

Results
We used tandem mass spectrometry incorporating

iTRAQ quantification reagents as a screening tool to

simultaneously identify and comparatively quantify the

expression of proteins in multiple complex samples.

Membrane protein-enriched extractions were harvested

from lightly pigmented NHEM and three melanoma cell

lines: SKMEL23, DAGI, and ME275. They were then

subjected to iTRAQ tandem mass spectrometry analysis.

Duplicate experiments identified a total of 283 proteins,

11 of which were differentially expressed (>2-fold
change, P< 0.05) when comparing melanocytes with at

least one of the melanoma cells (see Supplementary

Table 1). Of these proteins, only two, namely, AHNAK

and ANXA2, showed more than 5-fold reduced expres-

sion in all melanoma cell lines compared with NHEM

(Fig. 1a). AHNAK expression was decreased more than

41-, 62-, and 9-fold, respectively, in SKMEL23, DAGI,

and ME275 melanoma cell lines (Fig. 1b). ANXA2

expression was decreased more than 12-, 8-, and 10-fold,

respectively, in these cell lines (Fig. 1b). Cadherin-1 was

not detected by this method.

AHNAK and ANXA2 mRNA expression was analyzed by

quantitative RT-PCR to examine whether the down-

regulation observed at the protein level correlated with

downregulation at the mRNA level. AHNAK mRNA

expression levels were significantly decreased in two out

of three melanoma cell lines, and unchanged in one,

compared with normal melanocytes (Fig. 2). ANXA2
mRNA expression was significantly decreased in all three

melanoma cell lines compared with normal melanocytes

(Fig. 2). These results indicate that decreases in AHNAK

and ANXA2 protein expression levels, except for

AHNAK in the DAGI melanoma cell line, are most likely

because of reduced transcription of the mRNA. As the

decrease in AHNAK protein expression in the DAGI cell

line did not correlate with reduced mRNA expression,

we presume that a post-transcriptional mechanism is

involved.

To confirm that AHNAK is expressed in melanocytes in

normal human skin, we used immunohistochemistry to

visualize AHNAK and MART1 expression, a

melanocyte-specific marker, in transverse human skin

sections. AHNAK was expressed by almost all cells in the

dermis and epidermis (Fig. 3a). Keratinocytes in the

epidermis expressed AHNAK in the cytoplasm, but not

the nucleus. Expression of the melanocyte-specific

marker MART1 identified melanocytes in the epidermis,

which were spread along the basement membrane.

Coexpression of AHNAK and MART1 indicated that

AHNAK is expressed in the melanocytes, with expres-

sion predominantly outside of the nucleus (Fig. 3a).

Having established that AHNAK is expressed in mel-

anocytes in normal human skin, we next asked whether
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(a) AHNAK and ANXA2 proteins are downregulated in membrane-
enriched protein fractions of melanoma cell lines compared with
melanocytes. Tandem mass spectrometry incorporating iTRAQ reagents
was used to analyze the relative expression of proteins in plasma
membrane-enriched protein extracts from three human melanoma cell
lines (DAGI, SKMEL23, ME275) and normal human epidermal
melanocytes. Each dot represents a specific protein differentially
expressed (P<0.05) in at least one cell line compared with
melanocytes. Averaged results are shown as a ratio relative to their
levels in melanocytes. Arrows are used to indicate the dots representing
AHNAK (black arrow) and ANXA2 (gray arrow) (n=2). (b) AHNAK and
ANXA2 protein levels in the melanoma cell lines are shown as a ratio
relative to their expression melanocytes.
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its expression is altered in melanoma cells in vivo, similar

to that observed in melanoma cell lines in vitro. To assess

this, we used immunohistochemistry to visualize

AHNAK and MART1 coexpression in transverse sec-

tions of melanoma-infiltrated lymph nodes (MILNs).

AHNAK expression was low or below the limit of

detection in five out of seven MILNs assessed. Figure 3b

shows representative data, with AHNAK expression

being low to undetectable in MILN samples numbered

1–3 and expressed in MILN sample 4. When we assessed

ANXA2 expression in the same MILNs, two out of seven

(MILNs numbered 1 and 2; Fig. 3c) showed a marked

reduction in ANXA2 expression. MILN sample 5 is

shown as a representative example where ANXA2

expression is retained. This suggests that AHNAK, and

to a lesser extent ANXA2, expression is lost in a pro-

portion of melanomas in vivo.

Our MILN data set was limited because of low numbers

of human samples being available to us. Therefore, we

performed a review of publically available microarray data

sets to determine whether we could find a similar cor-

relation between AHNAK expression and melanoma at

the mRNA level. An examination of microarray data

deposited in the GEO database by Talantov et al. [9]
suggests that there is a striking and statistically significant

trend of a downregulation of AHNAK mRNA in meta-

static melanoma (M, n= 45) compared with normal skin

(N, n= 7) or benign naevi (B, n= 18) (Fig. 4a; P< 0.05).

In this analysis, AHNAK expression was measured using

the Affymetrix probe set 211986_at, which contains

probes that exclusively hybridize to the AHNAK mRNA

3′-UTR. This suggests that a downregulation of AHNAK
is a common occurrence in melanoma. We next asked

Fig. 2

1.5

1.2

0.9

0.6

0.3

0

M
el

an
om

a/
m

el
an

oc
yt

e
m

R
N

A
 e

xp
re

ss
io

n 
ra

tio

AHNAK
ANXA2

∗∗∗

∗∗

∗∗∗
∗∗∗

∗∗∗

DAGI ME275 SKMEL23

AHNAK and ANXA2 mRNA is downregulated in melanoma cell lines
compared with melanocytes. AHNAK and ANXA2 mRNA expression
was analyzed by quantitative real-time PCR in DAGI, ME275,
SKMEL23 melanoma cell lines, and melanocytes. AHNAK and ANXA2
mRNA expression in the three melanoma cell lines is shown as a ratio
relative to expression in melanocytes. Data represent an average of
triplicate repeats; error bars represent the SD from the mean. The
Student's t-test was used to assess significance, with P values of less
than 0.05 being considered significant. **P<0.01, ***P<0.001.
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AHNAK expression is often reduced in melanoma cells that have
infiltrated patient lymph nodes compared with melanocytes. (a)
Immunohistochemistry was performed on a transverse section of human
skin costained with AHNAK (red), MART1 (green, to detect melanocytes)
and DAPI (blue). A zoomed image showing melanocytes identified along
the basement membrane is shown in panel (B) and panel (C) shows the
image without MART1 staining. (b) Transverse sections of four
representative melanoma-infiltrated lymph nodes (MILNs) costained with
AHNAK (red), MART1 (green, to detect melanocytes), and DAPI (blue) and
(c) three representative MILNs stained for ANXA2 (red), MART1 (green),
and DAPI (blue). Panel (A) represents the merged images, panel (B) just
AHNAK or ANXA2 with MART1 staining, and panel (C) just AHNAK or
ANXA2 with DAPI staining. The scale bar represents 10 µm in (a), panel
(B) and 50 µm in (b) panels (A). DAPI, 4',6-diamidino-2-phenylindole.
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whether there was a correlation between AHNAK
expression and patient survival using data generated by

Bogunovic et al. [10]. Cox proportional hazards survival

analysis of their data suggested that expression of

AHNAK mRNA (measured using the Affymetrix probe

set 211986_at) in metastatic melanoma may be associated

with patient survival and inversely associated with early

relapse (Cox proportional hazards, P= 0.01; Fig. 4b). We

next assessed malignant melanoma exome sequence data

from The Cancer Genome Atlas (TCGA) [11] and our

own tumor meta-analysis [12], which identified AHNAK
gene mutations in 14% of 278 and 8% of 310 tumors,

respectively.

AHNAK has been shown to interact with ANXA2 at the

plasma membrane in epithelial cells upon cell–cell con-

tact [13,14]. It has also been reported that ANXA2 and its

binding partner S100A10 are required to form functional

adherens junctions with cadherin-1 [15]. Combining

these results suggests that there may be a link between

AHNAK and cadherin-1 through ANXA2. As melanoma

cells at an early radial growth phase often show a loss of

cadherin-1 expression [16], we therefore hypothesized

that a loss of AHNAK may affect cadherin-1 expression

or function. To test this, we transfected primary mela-

nocytes with validated AHNAK targeting siRNAs and

assessed AHNAK and cadherin-1 protein expression

using immunocytochemistry. Although melanocytes form

cell-to-cell contacts with keratinocytes in vivo [5], they do
not show clear cell-to-cell adhesion when cultured in

isolation in vitro. Therefore, as we were interested in

cell-to-cell contacts, we also conducted the knockdown

experiments in the HaCaT keratinocyte cell line, which

does show clear cell-to-cell contacts in vitro. Optimum

transfection conditions were established using a fluores-

cently labeled control siRNA duplex and flow cytometry

to assess uptake (data not shown). CDH1 targeting and

scrambled siRNAs were included as controls. Results are

shown in Fig. 5a and b, respectively.

In both HaCaTs and melanocytes, expression of

AHNAK and cadherin-1 was clearly detectable in control

transfected cells (Fig. 5a and b, panels A–C). In both cell

types, targeted siRNAs effectively reduced the expres-

sion of either AHNAK (Fig. 5a and b, compare panel F

with C) or cadherin-1 (Fig. 5a and b, compare panel H

and B). RT-PCR was used to confirm that knockdown of

both AHNAK and CDH1 mRNA was specific (Fig. 5c).

Interestingly, in both HaCaT cells and melanocytes, a

reduction in AHNAK expression corresponded to a

marked reduction in detectable cadherin-1 protein

(compare panel E with B). Detection of AHNAK and

cadherin-1 proteins was reduced in both the cytoplasm

and the plasma membrane (e.g. Fig. 5b, compare panels

L with O and N with K). The association of cadherin-1

expression with AHNAK expression is highlighted by

the observation that a small percentage of HaCaT cells

that were not efficiently transfected with the AHNAK
targeting siRNAs coexpress both AHNAK (see arrow in

Fig. 5a, panel F) and cadherin-1 (see arrow in Fig. 5a,

panel E). Cadherin-1 protein knockdown was also effi-

ciently achieved in both cell types (Fig. 5a and b, com-

pare panel H with B). In HaCaT cells, this did not lead to

a noticeable reduction in AHNAK protein expression
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AHNAK mRNA is downregulated in malignant melanoma samples. A publically available microarray data set was analyzed to assess the expression of
AHNAK in metastatic versus nonmetastatic samples. (a) Data derived from the GEO data set GDS1375, probe 211986_at [9]. N, normal
melanocytes (n=7); B, benign naevi (n=18); M, metastatic melanoma (n=45). Expression data for AHNAK were plotted using Prism and statistics
were determined using a one-way ANOVA with a Bonferroni multiple comparison test (**P<0.05). Dots represent individual data points and the line
represents the average expression across all samples. (b) Kaplan–Meier curves were prepared using data from Bogunovic et al. [10] and their GEO
data set GSE19234. These compare the survival of patients whose metastatic melanomas had above (green) or below (red) median AHNAK mRNA
expression. Analysis is based on a normalized tumor expression signal for Affymetrix gene chip probe set 211986_at. Cox proportional hazards,
P<0.01. Green, > cut-off; red, < cut-off.
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levels (Fig. 5a, compare panel I with C). Cell-to-cell

adhesion was not noticeably affected by knockdown of

either AHNAK or cadherin-1 as assessed visually under

the microscope. In melanocytes reduced cadherin-1

expression correlated with reduced AHNAK expression

in both the cytoplasm and at the plasma membrane

(Fig. 5b, compare panels I with C, and R with L). These

preliminary results indicate that AHNAK expression

Fig. 5
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A reduction in AHNAK protein expression affects cadherin-1 protein (a) HaCaTcells and (b) melanocyte cells transfected with a control siRNA (A–C),
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affects cadherin-1 protein expression, even when CDH1
mRNA levels are presumably unaffected.

To explore this further, we examined the expression of

CDH1 mRNA in the GEO data set examined in Fig. 4a.

Interestingly, the same data set suggests that neither

ANXA2 (data not shown) nor CDH1 are downregulated in

these melanomas; indeed, CDH1 mRNA is significantly

upregulated in the malignant melanomas compared with

normal skin (Fig. 6; P< 0.05). Collectively, this suggests

that a downregulation of AHNAK mRNA combined with

either no change or an increased expression in CDH1
mRNA is a common occurrence in melanoma.

Discussion
Using a proteomic screen, we observed that both

AHNAK and ANXA2 are downregulated in three

melanoma cell lines compared with primary melanocytes.

Consistent with this result, immunohistochemistry was

used to show that AHNAK is clearly detectable in mel-

anocytes within human skin, but could not be detected in

melanoma cells within a proportion of MILNs. An

examination of publicly available microarray data sug-

gests that downregulation of AHNAK mRNA and muta-

tion of the AHNAK gene is a common feature of

metastatic melanoma, inversely correlates with patient

survival and is associated with early relapse. Finally, we

show that AHNAK may be required to maintain

cadherin-1 expression levels both in a keratinocyte cell

line and in primary melanocytes.

AHNAK, meaning ‘giant’ in Hebrew, was originally

identified as a large 700 kDa protein that was differen-

tially expressed in some cancer cell lines [17]. In the

same year, Hashimoto et al. [18] identified AHNAK as a

previously described protein, desmoyokin, a desmosomal

plaque protein found in bovine muzzle epithelium.

AHNAK expression was subsequently localized to the

plasma membrane of keratinocytes in human epidermis

[19]. Although AHNAK is not an integral membrane

protein itself, its expression has been observed at the

plasma membrane in a wide variety of cell types because

of the formation of complexes with lipid-binding part-

ners. Recently, for example, the three-dimensional crys-

tal structure of an AHNAK, ANXA2, and S100A10

multiprotein complex involved in plasma membrane

repair has been solved [20]. Notably, AHNAK has also

been shown to interact with ANXA2 at the plasma

membrane in epithelial Madine Derby Canine Kidney

(MDCK) cells upon cell–cell contact and in a calcium-

dependent manner [13,14]. Here, it is considered to play

a role in cortical actin cytoskeletal organization. Upon

depletion of AHNAK or ANXA2 MDCK cells failed to

remodel their cytoskeleton and failed to adopt the char-

acteristic tall columnar state of a mature epithelial cell

[13]. Remodeling of the cell membrane cytoskeleton is

crucial to the regulation of epithelial cell adhesion.
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CDH1 mRNA is upregulated in malignant melanoma samples. The GEO microarray data set GDS1375 [9] (analyzed in Fig. 4a for AHNAK
expression) was further analyzed to assess the expression of CDH1 mRNA. (a) AHNAK expression as shown in Fig. 4 and (b) CDH1 expression.
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represents the average expression across all samples.
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Therefore, the observed loss of AHNAK in melanomas

may promote metastasis by affecting cell cytoarchitecture

and adhesion.

It has been shown that ANXA2 and its binding partner

S100A10 are required to form functional adherens junc-

tions with cadherin-1 [15]. Through the association of

ANXA2 with AHNAK, this suggests a potential link

between AHNAK and cadherin-1. Taken together with

our results, this raises the possibility that AHNAK,

ANXA2 and cadherin-1 are all part of a functional com-

plex involved in regulating cell-to-cell contact. At an

early radial growth phase [16,21] and following metastasis

[22–25], a significant proportion of melanoma cells show a

loss in cadherin-1 expression that correlates with a poor

prognosis [24,25]. However, an analysis of melanoma cell

lines failed to identify mutations in the CDH1 gene

[26,27] and mutation rates in this gene in metastatic

melanoma tumors are low, ranging from between 2 and

3.3% [12,28]. This suggests that epigenetic mechanisms

may affect CDH1 expression. We hypothesize that a

potential epigenetic mechanism involves a down-

regulation of AHNAK that results in the destabilization

of cadherin-1 protein. This would occur even when

CDH1 mRNA levels are normal as is often observed in

malignant melanoma (Fig. 6). Although we do not know

the cadherin-1 protein status of the tumors represented in

Fig. 6, it is likely to be low or absent at the plasma

membrane in at least 50% of the tumors on the basis of

previous reports [23,25,29].

Other studies in epithelial cells have shown that

cadherin-1 is constitutively internalized into early endo-

somes and recycled back to the plasma membrane [30,

31]. During an epithelial to mesenchymal transition,

which is a hallmark of cancer progression [32], this

cycling can be disrupted and cadherin-1 is sorted to the

lysosome, where it is subsequently degraded [30]. In

light of our results, it is possible that AHNAK is func-

tioning as a scaffold protein that is required to maintain

cadherin-1 protein expression at the plasma membrane

and so prevent its degradation by inhibiting shuttling to

the lysosome. Although it is also theoretically possible

that AHNAK reduction itself might lead to a loss of cell-

to-cell interaction, with secondary reduction of cell sur-

face cadherin-1, in our experiments, AHNAK knock-

down did not visibly reduce HaCaT cell interactions.

Similarly, CDH1 knockdown did not visibly reduce cell

contacts in our experiments. These results mirror the

knockdown of CDH1 in MCF10A breast cancer cells [33]

and of AHNAK in MDCK cells [13].

Dysregulated expression of both ANXA2 and AHNAK

has been associated with tumor formation in other tissues

[34–36]. Indeed, as stated above, AHNAK was initially

identified as a gene downregulated in neuroblastoma cell

lines and some tumors [17]. Interestingly, Ras mutations

that are found in a substantial minority of melanoma

patients [37–39] strongly downregulate AHNAK when

introduced into rat fibroblasts [40]. In addition, AHNAK

has recently been shown to function as a tumor sup-

pressor in a transgenic mouse model and its expression

was found to be downregulated in 50% of human breast

cancer tissues [36]. In this case, the mechanism of action

was shown to be through modulation of the TGFβ/
SMAD signaling pathway. Therefore, it is possible that

the downregulation of AHNAK that we observe in mel-

anomas is functioning in more than one way to promote

tumor formation.

Although our examination of microarray data did not

show significant results in terms of a downregulation in

ANXA2 expression (data not shown), other recent studies

have observed a downregulation in ANXA2 protein

expression levels found in exosomes released by a

melanoma cell line compared with normal melanocytes

[41], which is in line with our data. In addition, although

ANXA2 has been reported to be upregulated in specific

cancers [34,42], its downregulation does correlate with

some types of cancer including esophageal squamous cell

carcinoma [43], osteosarcoma [44], and prostate cancer

[45,46]. Interestingly, when ANXA2 expression was

restored in prostate cancer cells, their migration was

inhibited [45]. Although the mechanism for this effect is

unknown, it is tempting to speculate that it involves the

formation of a functional ANXA2/AHNAK/cadherin-1

complex.

Future experiments involving the coculture of keratino-

cytes with melanocytes will be useful in confirming the

involvement of AHNAK in cell-to-cell adhesion in the

human epidermis. In addition, confocal microscopy

would be useful to fully analyze the effect of AHNAK

knockdown on the architecture of the cell cytoskeleton.

Analysis of both AHNAK and CDH1 protein and mRNA

expression in a large panel of normal and melanoma

samples would also be useful to test the theory that

AHNAK is required to stabilize cadherin-1 protein.

However, our data show that downregulation of AHNAK

can occur during the transformation of melanocytes into

metastatic melanoma and that it correlates with poor

patient prognosis. Our data also suggest a link between

AHNAK and cadherin-1 on the cell surface, with

AHNAK loss potentially explaining loss of cell surface

cadherin-1 in the presence of normal CDH1 mRNA

expression.
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