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Abstract

Integrins are the major family of cell adhesion receptors in humans and essential for a wide range 

of normal physiology, including formation and maintenance of tissue structure integrity, cell 

migration, proliferation and differentiation. Integrins also play a prominent role in tumor growth 

and metastasis. Translational research has tried to define the contribution of integrins to the 

phenotypic aggressiveness of melanoma because such knowledge is clinically useful. For example, 

differential expression of integrins in primary cutaneous melanoma can be used to distinguish 

indolent from aggressive, prometastatic melanoma. Recent studies have shown that gene 

expression–based testing of patient-derived melanoma tissue is feasible and molecular tests may 

fully replace interventional surgical methods such as sentinel lymph node biopsies in the future. 

Because of their central role in mediating invasion and metastasis, integrins are likely to be useful 

biomarkers. Integrins are also attractive candidate targets for interventional therapy. This article 

focuses on the role of integrins in melanoma and highlights recent advances in the field of 

translational research.

Introduction

Metastasis is the major cause of death in patients with melanoma. Tumor metastasis is a 

sequential, multistep process resulting in the spread of tumor cells from the site of origin. 

This involves a complex interplay of cellular events, including loss of cell adhesion at the 

primary site, transmigration through the extracellular matrix (ECM) into the bloodstream, 

extravasation at the metastatic site, seeding, and proliferation. Translational research on 

melanoma aims to better understand the molecular events that culminate to cause metastasis. 

Integrins have been of interest to the field of melanoma molecular biology for some time. 

Their key functions in melanoma pathogenesis include but are not limited to cell adhesion, 

intracellular signaling, ECM remodeling, and cell migration, proliferation, survival, and 

differentiation; these factors mediate metastasis. They are also key molecules in predictive 

and prognostic testing and therapeutic interventional studies. This article focuses on the role 

of integrins in melanomagenesis.
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Structure of Integrins

Integrins are heterodimeric proteins composed of noncovalently associated ɑ and β subunits. 

Different combinations of 18 ɑ and 8 β subunits make up the 24 integrin heterodimers 

encountered in mammals.1 The integrin structure is depicted as a molecule with a head and 

two tails.2 The head is the ligand-binding extracellular component made up of the 

ectodomains of the ɑ and β subunits; intracellular domains represent the legs anchoring to 

cytoskeletal proteins, with other domains traversing the transmembrane region in between 

(Fig. 1).3 When integrins bind extracellular ligands such as fibronectin their cytoplasmic 

domains recruit and locally enrich a myriad of cell surface receptors, scaffolding proteins 

and enzymes to form adhesion structures known as focal adhesions.4 Focal adhesions 

manipulate the extracellular space by transmitting cytoskeletal forces via integrins (inside-

out signaling) while simultaneously translating external physicochemical cues into signaling 

that drives the transcription of secreted proteins (outside-in signaling; Fig. 2) such as those 

that inhibit tumor cytotoxic T cells.5,6 Integrins therefore function bidirectionally, meaning 

information can be transmitted from the outside environment to inside the cell and vice 

versa.7 This bidirectional signaling capability of integrins provides the cell with important 

information on its immediate extracellular environment and informs decisions on 

proliferation, apoptosis, or the remodeling of the ECM to facilitate metastasis.8,9

Altered Integrin Expression in Melanoma

Multiple studies have shown altered expression of integrins in normal melanocytes 

compared with malignant melanocytes or benign nevi compared with malignant melanoma. 

In vivo and in vitro studies have noted a pathogenic role of this altered integrin expression 

(Table 1).10-27

Integrin Role in Primary Tumor Aggressiveness

In situ melanomas that exhibit the radial growth phase (RGP) have a better prognosis than 

melanomas that show the vertical growth phase (VGP).28 The depth of invasion by 

melanoma cells (Breslow depth) is a major determinant in patient prognosis, and the switch 

from RGP (indolent) to VGP (aggressive) is associated with poor prognosis. Multiple studies 

have shown that alteration in integrin expression is associated with this conversion. Herlyn et 

al24 showed conversion of RGP to VGP in melanoma cells by forced expression of integrin 

β3. Integrin β3 heterodimerizes with integrin ɑv (Fig 1), and increased expression of 

functional integrin ɑvβ3 in RGP cells was associated with invasive growth into the dermis, 

inhibition of apoptosis, and tumor growth. The role of integrin β3 in melanoma growth was 

also supported by another study by Herlyn et al25 in human melanoma biopsy tissue. In this 

study, expression was low to absent in melanomas in RGP, whereas it was high in 

melanomas with VGP and in metastasis.

In addition to their role in primary tumor growth, integrins are also important mediators of 

metastasis.29 They are involved in multiple steps that help in tumor spread: 1) degradation of 

the basement membrane barrier for tumor cells,30-36 2) angiogenesis for tumor survival at 

the primary site,37-40 3) as integral components of exosomes (small extracellular molecules 
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detached from the primary tumor into the circulation),41-44 4) intravasation of tumor cells 

into the circulation,37 and 5) implantation at the metastatic niche.45,46

One study30 showed that integrins have an important role in overcoming the initial basement 

membrane barrier at the primary tumor site through matrix metalloproteinases (MMPs). The 

basement membrane and ECM are primarily composed of type IV collagen, type I collagen, 

and fibronectin.31 This barrier is degraded primarily by MMPs. It is not surprising that 

expression of MMP-1, MMP-2, and MMP-9 are increased in invasive melanoma 

phenotypes. The expression of these MMPs is regulated by integrins. Integrins directly bind 

to MMPs and stimulate their expression and function, which results in degradation of 

collagen and fibronectin. This degradation is critical for tumor cell invasion and progression. 

Multiple studies32-34 have shown the role of integrins, especially ɑ2β1, ɑ5β1, and ɑvβ3, in 

tumor invasion through their effects on MMPs. The degradation of collagen and fibronectin 

in the ECM exposes the Arg-Gly-Asp (RGD) tripeptide sequence of these proteins, which is 

a ligand for integrin, especially ɑvβ3. Binding of ɑvβ3 to the exposed RGD motif further 

stimulates MMP-2 expression, thereby perpetuating the cycle and promoting tumor invasion. 

Zeng et al35 noted that blocking integrins β1 and ɑvβ3 with antibodies resulted in decreased 

tumor cell adhesion and migration. MMP-9 has been shown to have a crucial role in 

melanoma metastasis. Sil et al36 noted in the highly metastatic murine B16F10 melanoma 

cell line that the integrin ɑ5β1-fibronectin interaction resulted in the expression of MMP-9. 

They also showed that blockage of ɑ5 integrin receptor reduces fibronectin stimulation of 

MMP-9 and its downstream effects. These studies reinforce again the crucial role of 

integrins in melanoma pathogenesis.

Integrins also are important for angiogenesis, providing both blood supply to the rapidly 

growing tumor cells and a pathway for hematogenous spread to distant organs.37 Melanoma 

tumor cells produce multiple growth factors, including fibroblast growth factor (FGF), 

vascular endothelial growth factor (VEGF), placental growth factor (PIGF), and 

transforming growth factors (TGF), among others. These growth factors stimulate 

angiogenesis to maintain blood supply to the rapidly dividing cells. Integrins mediate 

angiogenesis by interacting with the tumor-secreted growth factors, specifically by 

promoting endothelial cell migration and survival. Integrins may contribute to signal 

transduction that promotes angiogenesis. For example, integrin ɑvβ3 mediates angiogenesis 

induced by basic FGF (FGF-2) in vivo and integrin ɑvβ5 mediates angiogenesis induced by 

VEGF-A. Anti-ɑvβ3 antibodies block angiogenesis promoted by FGF, whereas anti-ɑvβ5 

blocks VEGF-mediated angiogenesis.38 Given their major role in tumor angiogenesis, the 

ɑv integrins have been targeted in clinical trials of melanoma and other cancer types by 

antibodies and small molecules.39 In the future such therapies might work synergistically 

with immunotherapies to help recruit immune cells to metastatic tumors, including 

melanoma.40

Another interesting protein in the realm of ECM involved in melanoma pathogenesis is 

osteopontin (OPN). Osteopontin is a secreted glycophosphoprotein that has diverse roles in 

tumor metastasis, including cell adhesion, tumor cell proliferation, angiogenesis, and 

invasion.47 OPN contains the RGD motif, which is a major binding site for integrins. OPN 

binds to several integrins, including αvβ1, αvβ3, αvβ5, αvβ6, α4β1, α5β1, α8β1, and 
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α9β1.48 One study49 has shown that experimental overexpression of OPN activated αvβ3 

and αvβ5, and knockdown inactivated αvβ3 and αvβ5 in melanoma cell lines, thereby 

altering tumor aggressiveness. Given the difference in the expression of OPN in aggressive 

vs indolent melanoma, OPN has been considered as a biomarker in the gene expression–

based risk stratification of melanoma.27,50

Although the biology and behavior of tumor cells at the primary site have been studied 

extensively, an interesting area of upcoming research focuses on the cellular events in the 

metastatic niche. As recently discussed by Huang and Rofstad45 it is now well known that 

the site of distant metastasis is not random. A complex interaction between the mediators 

released by the primary tumor and changes at the metastatic niche determine the site of 

metastasis. After implantation the trophic organ/site also exhibits changes that promote 

tumor cell survival and proliferation. Studies show that integrins are important for priming 

the premetastatic niche for metastasis. Kaplan et al46 studied the molecular changes involved 

at the trophic site in mouse models. They noted that injection of melanoma cells with high 

metastatic potential into mice resulted in a sequence of events that determined the metastatic 

site. The injection stimulated release of bone marrow–derived hematopoietic progenitor cells 

into the bloodstream. These cells were then mobilized to the premetastatic site and formed 

clusters there, where they prominently expressed VEGF receptor 1 and integrins ɑ4β7, ɑ4β1 

(VLA-4), and ɑ6β4. Expression of ɑ4β1 integrin caused upregulation of fibronectin in the 

resident fibroblasts and induced MMP-promoted ECM degradation. These changes caused 

by integrins at the metastatic site create a favorable environment for the circulating tumor 

cells to implant and proliferate.

Integrins as Diagnostic Tools for Melanoma

Because of their altered expression in melanoma and their role in tumor behavior, integrins 

have become an important component in molecular-based studies for risk stratification and 

prognosis. Meves et al27,51 noted that addition of cell adhesion–linked gene expression 

variables to standard clinicopathologic variables increased the predictive ability to identify 

patients who present with sentinel lymph node (SLN) metastasis within 90 days of 

melanoma of their primary diagnosis. This was based on their extensive study of biopsy 

samples from patients with melanoma that showed differential expression of integrin β3 in 

addition to other ECM proteins in indolent versus aggressive melanoma. It is promising to 

note that these molecular-based tests help better risk-stratify patients, and they may obviate 

the need for SLN biopsy in the future as an invasive surgical staging procedure.27,50,52 It is 

not surprising that integrin molecules are included in some of these test kits given their 

significant role in melanoma aggressiveness. Although it is not the standard of care to 

include molecular testing in melanoma risk stratification, awareness of molecular-based 

testing among patients and clinicians is increasing.53 However, in addition to the added cost 

of these tests there continue to be questions about the clinical utility, especially if they are 

purely prognostic.54 There are no definite guidelines available to date to determine a 

treatment course on the basis of prognostic molecular testing and gene expression profiling 

is not recommended by the National Comprehensive Cancer Network outside of clinical 

research. Given the multiple caveats associated with testing,53,55 clinicians should educate 
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themselves on the accuracy and validity of commercially available molecular tests before 

recommending them to patients.

Other research in molecular diagnostics focuses on metastatic risk and prognosis based on 

biomarkers such as circulating tumor cells or exosomes in the peripheral blood.41-44 

Circulating tumor cells are cells that have detached from the primary tumor and have 

reached peripheral blood, and exosomes are extracellular vesicles formed from the primary 

tumor that contain proteins, growth factors, cytokines, and integrins, which are also seen in 

the circulation.41,42 Integrins are expressed in cytotoxic T lymphocytes and exosomes 

mediating cell adhesion at the metastatic site.43 Integrin expression in exosomes has been 

shown to influence the site of metastasis. One study44 showed a correlation of α6β4 and 

α6β1 upregulation in exosomes with lung metastasis and αvβ5 with liver metastasis. 

Exosomes also highly express CD44 and α6β4 integrin, which mediate adhesion at the 

metastatic site. There is hope for the availability of “liquid biopsy” in the future quantifying 

exosomes and cytotoxic T lymphocytes in the blood as well as other molecular markers. 

Their presence in the peripheral blood provides an easily accessible source for molecular 

studies. Although practical difficulties exist in successful isolation and detection of these 

molecules, their significance as biomarkers in melanoma metastasis is increasingly 

recognized, and thus, they may represent a valuable tool for risk prediction and prognosis in 

the future.

Innovative advances have also been made in the field of medical imaging. Notni et al56 

developed pseudopeptides that could selectively target particular integrins and thus be used 

as radiotracers. These molecules were used in positron emission tomography (PET) to 

identify the presence of integrins in vivo. The possibility of in vivo integrin detection would 

allow for a better understanding of integrin expression in melanoma metastasis. They 

designed PET radiopharmaceuticals 68Ga-aquibeprin and 68Ga-avebetrin, which showed 

high selectivity for integrin ɑ5β1 and integrin ɑvβ3, respectively. Both 68Ga-aquibeprin and 
68Ga-avebetrin were stable in mouse models, with no metabolites detectable in urine, 

bloodstream, liver, or kidney (centrifuged) 30 minutes after injection. Radiolabeled RGD 

peptides and other nanoparticles have also been designed to use as tracers for integrin αvβ3 

in PET, with the hopes of having a better understanding of its role in metastasis and 

angiogenesis.57 These findings highlight the future potential for combined tissue and 

imaging biomarker studies in staging cancers.58

Integrin-Targeted Therapeutics

Researchers have found promising therapeutic targets in both integrins and molecules that 

interact with integrins. These include integrin blockers, integrin active site analogues, and 

disintegrins,59 which are naturally occurring peptides in viper snake venom that are known 

to inhibit integrin-dependent cell adhesion.

One experimental therapy is intetumumab (CNTO 95). Intetumumab is a monoclonal 

antibody against the integrin ɑv subunit which acts as a blocker. Although it was able to 

decrease angiogenesis and tumor growth in preclinical models of melanoma, metastatic 

melanoma was not susceptible to this therapy in clinical trials. This introduces the idea that 
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integrin function needs to be targeted at more than just the receptor level as integrin 

monotherapy does not prolong survival in patients with advanced melanoma (Fig. 2).60

Integrins αIIbβ3, αvβ3, and α5β1 recognize the RGD motif, which is known for mediating 

cell-substratum and cell-cell adhesion. As previously mentioned, OPN and fibronectin are 

able to bind to integrins using this RGD sequence.61 Other integrins may recognize the Leu-

Asp-Val (LDV) or Ile-Asp-Ser (IDS) motifs.62

Expression of the RGD motif in the adhesion molecule cadherin, another important 

molecule in cell adhesion, has been associated with aggressive disease during late stages of 

metastasis. Cadherin 17 (CDH17) and vascular endothelial cadherin reportedly have 

important roles in the development of metastasis.63,64 The RGD motif binds to integrins, 

which leads to changes in cell adhesion, invasion, and cell proliferation. Casal et al63 

reported that monoclonal antibodies targeting the RGD motif of CDH17 can block integrin 

ɑ2β1 from being activated by CDH17. The study was performed using mouse models of 

lung metastasis and showed a decrease in metastatic colonization in the presence of the anti-

CDH17 RGD monoclonal antibodies.

Furthermore, Karageorgis et al65 described a new and sophisticated method of inducing 

cellular apoptosis by using integrins. They synthesized a RGD peptide targeting integrins 

and reported its internalization and the subsequent release of a mitochondrial disruption 

peptide derived from the proapoptotic Bax protein. The goal was to take advantage of the 

overexpression of integrins in malignant cells and target them using this toxic peptide, 

resulting in mitochondrial membrane destabilization by creating pores and inducing 

apoptosis in cells.

Additional RGD-based drugs have been tested in preclinical studies. The venom of certain 

snake species contains disintegrin that contains the RGD motif. In nature, the purpose of this 

molecule is that when a snake bites its prey, disintegrin is released into the bloodstream of 

the victim and inhibits cell adhesion between platelets. Thus, the prey is unable to form 

blood clots, which results in continuous bleeding. Tzabcanin is a small 7.1 kDa disintegrin 

protein isolated from the Yucatan Rattlesnake (Crotalus simus tzabcan). Because of 

tzabcanin’s ability to bind integrin ɑvβ3 via the RGD motif, experiments were performed to 

study the effects of this protein on cancer cells.59 Results showed that this molecule 

inhibited cell-cell and cell-ECM interactions in A549 (lung epithelial carcinoma) and A375 

(malignant melanoma) cell lines. This highlights the potential for tzabcanin to be used as a 

marker for tumors with high integrin ɑvβ3 expression, and for the development of 

antimetastatic drugs.

Integrin inhibitors can also be non-proteinaceous small molecules. A 2015 article66 

described an orally active integrin ɑvβ3 small molecule inhibitor called MK-0429, which 

showed effectiveness in preventing metastasis in melanoma. The study was performed in 

female B6D2F1 mice, which were injected with murine syngeneic B16F10 melanoma, 

known to cause lung metastases. MK-0429 in doses of 100 and 300 mg/kg decreased the 

quantity of tumor colonies by more than 50%, although the current chemotherapeutic agent 

cyclophosphamide decreased colonies by 99%. Still, the adverse effects of 
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cyclophosphamide limit its clinical usefulness. In this preclinical experiment, MK-0429 had 

an excellent safety profile. Patients with hormone refractory prostate cancer and metastatic 

bone disease tolerated MK-0429 well at high doses. Clinical efficacy was however limited.67

Volociximab (M200),68 a monoclonal antibody that targets integrin ɑ5β1, is involved in 

blocking angiogenesis by inhibiting the proliferation of endothelial cells. In a phase II 

randomized controlled trial with 40 participants, the safety of M200 at 10 mg/kg every 2 

weeks was tolerable, with 87% of patients having stable disease. Similar results were 

obtained for ovarian, primary peritoneal,69 and non-small-cell lung cancer.70 Clinical 

development of M200 was stopped due to lack of efficacy in phase II trials.39 Novel 

treatment strategies are needed to make anti-integrin ɑ5β1 therapy work, e.g. as part of 

combination therapies (Fig. 2) and in synergy with novel immunotherapy approaches.

MEDI-522 (Abegrin, etaracizumab, Vitaxin), another angiogenesis inhibitor, is a 

monoclonal antibody that targets integrin ɑvβ3. It was derived from the murine antibody 

LM609,71 humanized and subsequently affinity maturated.72 In a phase II clinical trial 

involving 112 participants with metastatic melanoma, MEDI-522 (8 mg/kg/wk) was shown 

to be well tolerated with or without dacarbazine (1,000 mg/m2 once every 3 weeks). 

Dacarbazine, FDA-approved since 1975, and its orally absorbed analog temozolomide are 

alkylating agents used in the treatment of metastatic melanoma.73,74 When MEDI-522 was 

combined with dacarbazine it was no more effective than dacarbazine alone. Neither tumor 

response rate nor progression free survival was improved by MEDI-522. A follow-up phase 

III trial was therefore considered unreasonable and clinical development was stopped 

pending new insights into the mechanism of action of MEDI-522.75

Despite recent progress in the area of immunotherapy, many patients with advanced 

melanoma still need additional effective treatment options. Drugs which target integrins 

showed promise in preclinical studies but proved not to be effective as monotherapy or in 

combination with standard chemotherapy.76,77 Just as the dual targeting of the BRAF 

pathway via BRAF/MEK combination therapy improves efficacy78 integrin signaling may 

need to be targeted at multiple levels to achieve meaningful effects (Fig. 2). Integrin-

targeting antibodies may be combined with inhibitors of focal adhesion kinase (FAK), an 

important downstream effector of integrins. Moreover, stabilized interphase microtubules 

provide an exocytosis pathway for integrin-induced proteins and exosomes from the trans-

Golgi network79. Microtubules may be targeted by paclitaxel (from the Pacific yew tree 

Taxus brevifolia), a FDA-approved antineoplastic agent with anti-melanoma activity.80,81 

Integrin-induced transcription of secreted proteins may be suppressed by type I 

topoisomerase (topo-I) inhibitors or pentamidine. Interestingly, the naturally occurring topo-

I inhibitor camptothecin and its clinically available synthetic derivative, topotecan 

hydrochloride (trade name Hycamtin) were recently identified as top hits in a screen for 

compounds that increase T-cell-mediated killing of melanoma cells.82 As monotherapy in 

melanoma however, topotecan is inactive at concentrations that induce significant 

myelosuppression.83 Pentamidine isethionate (trade name Pentam) is a synthetic amidine 

derivative that interacts with the minor groove of AT-rich DNA regions thereby interfering 

with DNA replication and function.84 Pentam is FDA-approved for the treatment of 
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pneumonia due to Pneumocystis carinii and has been shown to possess anti-melanoma 

activity in preclinical models.85

Conclusion

The role of integrins in melanoma is an area of active ongoing research. Studies have found 

associations between integrin expression and the degree of dermal invasion in melanoma and 

risk of metastasis. Primary melanoma risk stratification is an area in which integrins have 

been found to be useful because the metastasis risk of melanoma has been tied to integrin 

expression. Integrin-targeted therapeutics are being developed to take advantage of these 

findings. Targeting strategies that combine integrin monotherapy via function blocking 

antibodies or small molecules and standard chemotherapy have failed in clinical trials. New 

and innovative treatment strategies are needed to make anti-integrin medications work for 

patients. Specifically, combination therapies are needed that target integrins not just at the 

receptor level but at multiple levels (Fig. 2). Moreover, integrin-directed therapies need to be 

optimized to work in concert with targeted BRAF/MEK inhibition and the highly successful 

PD-1 immune checkpoint inhibitors.

Educational Challenge

1. The following is true about the structure and function of integrins:

a. Integrins are homodimers involved in cell adhesion.

b. Integrins are composed of one ɑ and one β subunit which mediate 

extracellular adhesion but are devoid of an intracellular signaling 

function.

c. Integrins are heterodimers involved in the remodeling of extracellular 

matrix, apoptosis and proliferation.

d. Integrins are heterodimeric proteins expressed in benign nevi but not 

melanoma.

C

2. The following is true regarding the effects of integrins on tumor cells, except:

a. Adhesion, intracellular signaling and extracellular matrix remodeling.

b. Adhesion, proliferation, and apoptosis.

c. Proliferation, apoptosis, and survival.

d. Cell migration, cell adhesion, transmembrane transport.

D

3. The following is true regarding the role of integrins, except:

a. Integrins aid in the degradation of the basement membrane by 

regulating the expression of metalloproteinases which degrade collagen 

and fibronectin.
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b. Integrins aid in the detachment of primary tumor into circulation.

c. Integrins are involved in the intravasation of tumor cells into circulation 

but play no role in their extravasation.

d. Integrins prime the metastatic niche allowing for implantation of 

primary tumor.

C

4. The following is true regarding integrin ɑvβ3, except:

a. Increased ɑvβ3 expression is associated with progression from radial to 

vertical growth.

b. Decreased ɑvβ3 expression is associated with increased tumorigenicity.

c. Increased ɑvβ3 expression is associated with growth and survival of 

melanoma cells.

d. Expression of ɑvβ3 may inhibit tumor cell apoptosis thereby promoting 

tumor growth.

B

5. The following is true regarding integrins and angiogenesis, except:

a. Integrin signaling leads to the activation and phosphorylation of 

vascular endothelial growth factor receptors.

b. Integrins and transforming growth factor receptors crosstalk.

c. Integrins bind some growth factors through their ectodomains.

d. Binding to growth factors activates integrins (‘inside-out’ activation).

D

6. The following is true regarding osteopontin (OPN), except:

a. OPN is an extracellular molecular that binds to integrins.

b. OPN overexpression is associated with tumor cell transformation.

c. OPN binds to integrins via the Leu-Asp-Val (LDV) motif.

d. OPN facilitates cell-matrix interactions and promotes tumor 

progression.

C

7. Which time interval between melanoma wide local excision and SLN biopsy in 

node-positive patients has been shown to be safe:

a. Maximum of 30 days.

b. Maximum of 45 days.

c. Maximum of 60 days.
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d. It is safe and informative to perform a SLN biopsy >9 weeks after 

diagnosis.

D

8. Trials have been conducted using integrins as biomarkers. The following 

statements are true, except:

a. RGD radiotracers are being developed for melanomas that bind the 

integrin ɑ6β4 laminin receptor.

b. Exosomes are used as melanoma biomarkers in the circulation.

c. CD44 and ɑ6β4 are expressed on exosomes that help tumor cells 

establish a metastatic niche.

d. RGD radiotracers are well suited to image tumors via positron emission 

tomography.

A

9. The following statements on integrin therapeutics are true, except:

a. A number of drugs targeting integrins have reached the clinical market, 

however, none for the treatment of cancer.

b. Animal models and especially systemic knock-out mouse models have 

been highly predictive of outcomes of first in-human clinical trials in 

integrin-directed drug therapy.

c. Six anti-integrin drugs on the market in 2016 generated revenues of 

some US$3.5 billion.

d. Volociximab which targets integrin ɑ5β1 blocks angiogenesis in 

preclinical animal models.

B

10. Of the following statements, which is true regarding gene expression profiling in 

melanoma?

a. Gene expression profiling in melanoma is routinely recommended by 

the National Comprehensive Cancer Network outside of clinical 

studies.

b. Integrins have been tried as biomarkers for primary cutaneous 

melanoma risk stratification but have not been found to be of value.

c. Gene expression profiling of primary melanoma biopsies requires fresh 

frozen material and cannot be performed on paraffin embedded tissue.

d. Gene expression profiling of primary melanoma biopsy tissue may be 

useful for identifying patients who can safely forgo SLN biopsy.

D
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Figure 1. 
Integrin Structure. (a) Integrins are transmembrane adhesion receptors consisting of an ɑ and 

β subunit. The mammalian genome encodes for 18 ɑ and eight β subunits. (b) ɑ and β 
subunits combine to form 24 distinct integrin heterodimers. These can be grouped based on 

ligand specificity and expression pattern. Some integrins such as the β2 and β7 integrins are 

only found on white blood cells (highlighted in green). Integrins which bind the tripeptide 

sequence Arg-Gly-Asp (RGD) which is encountered in extracellular matrix proteins like 

fibronectin and osteopontin as well as adhesion receptors such as cadherin 17 are 

highlighted in red. Collagen binding integrins are labeled in blue and laminin binding 

integrins such as the ɑ6β4 integrin are highlighted in purple.
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Figure 2. 
Targeting the integrin signaling and exocytosis pathway. Integrin function can be targeted at 

multiple levels by antibodies or small molecules (shown in red): at the level of the cell 

surface receptor (1), at the level of the adhesome, i.e. the multiprotein adhesion complex that 

links the integrin cytoplasmic tail to intracellular actin and contains many signaling proteins 

such as FAK (2), at the level of protein transcription (3) and at the level of microtubular 

vesicular transport (4). FAK, focal adhesion kinase; Topo-I, type I topoisomerase inhibitors.
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Table 1.

Integrin expression in indolent versus aggressive melanocytes.

Study Integrin
(Direction of
Regulation in
Aggressive
Melanocytes)

Material
Studied

Method Findings

Danen et al10 ɑ2β1 (↑) ɑ6β1 (↑) Human cells FACS, IHC Expression of laminin receptor ɑ6β1 and laminin/collagen 
receptor ɑ2β1 was low on non-metastatic or poorly 
metastatic cell lines but strongly expressed on highly 
metastatic cell lines.

Etoh et al11 ɑ2β1 (↑) Human cells FACS Enhanced migration on laminin and type IV collagen of 
several human melanoma cell lines is largely mediated by 
ɑ2β1 integrin.

Yoshinaga et al12 ɑ2β1 (↑) ɑ3β1 (↑) Human cells FACS A metastatic melanoma (MM) cell line expressed markedly 
increased levels of the β1, ɑ2, and ɑ3 subunits, but not the 
ɑ6 subunit, compared with a primary melanoma (PM) cell 
line. MM and PM cell migration was significantly inhibited 
by function-blocking anti-β1 and anti-ɑ3 MAbs but not by 
the anti-ɑ6 MAb tested. In contrast, the anti-ɑ2 MAb 
significantly inhibited MM but not PM cell migration.

Natali et al13 ɑ3β1 (↑) Human cells 
and tissue

IHC Increased ɑ3β1 expression correlates with the degree of 
dermal invasion in primary lesions and is detectable in 82% 
of metastatic foci but only weakly expressed in benign nevi.

Vizkeleti et al14 ɑ3β1 (↑) ɑ4β1 (↑) 
ɑvβ8 (↑)

Human cells 
and tissue

qRT-PCR Analysis of select integrins (ɑ2, ɑ3, ɑ4, ɑ9, β5, β8, ɑ6, β1, 
and β3) highlighted the possible importance of ɑ3β1, ɑ4β1 
and ɑvβ8 in the metastatic process and in distinguishing 
regional and distant metastases.

Danen et al15 ɑ5β1 (↑) ɑvβ3 (↑) 
ɑ6β4 (↓)

Human tissue IHC ɑ5β1 and ɑvβ3 integrin are exclusively expressed in 
melanoma but not in nevi; expression of ɑ6β4 integrin is 
decreased in melanoma.

Ziober et al16 ɑ6β1 (↑) ɑ7β1 (↓) Murine cells FACS, 
Northern & 
Western Blots

The study showed that highly metastatic murine melanoma 
cells lose ɑ7β1 integrin expression and upregulate ɑ6β1 
integrin.

Kramer et al17 ɑ7β1 (↑) Human and 
murine cells

Western Blots Laminin binding of ɑ7β1 integrin was detected in 
melanoma cells but not in normal melanocytes.

Hieken et al18 β1 (↑) Human tissue IHC β1 integrin expression in primary cutaneous melanoma was 
associated with occult regional lymph node metastasis.

Hieken et al19 β1 (↑) ɑvβ3 (↑) Human tissue IHC Integrin β1 and ɑvβ3 expression in intermediate thickness 
primary cutaneous melanoma was associated with an 
increased likelihood of disease recurrence and decreased 
long term survival.

Nikkola et al20 β1 (↑) Human tissue IHC Elevated integrin β1 expression was associated with shorter 
DFS and increased anti-apoptotic protein Bcl-2 expression 
in metastatic melanoma patients.

Albelda et al21 ɑvβ3 (↑) Human tissue IHC, Western 
Blot

ɑvβ3 expression exclusively restricted to invasive vertical 
growth phase melanoma cells and melanoma metastases.

Felding-
Habermann22

ɑvβ3 (↑) Human cells Western Blot Lack of ɑvβ3 expression strongly inhibits tumorigenicity of 
human melanoma cells in mice.

Montgomery23 ɑvβ3 (↑) Human cells Functional 
Assays

ɑvβ3 melanoma cells have a growth and survival advantage 
in collagen.

Hsu24 ɑvβ3 (↑) Human cells 
and tissue

FACS, IHC, 
Western Blot

ɑvβ3 associates with the progression from radial growth to 
vertical invasive growth in primary cutaneous melanoma.

Van Belle et al25 ɑvβ3 (↑) Human tissue IHC ɑvβ3 is mostly absent in nevi but expressed in nearly all 
melanoma metastases. ɑvβ3 associates with the progression 
from radial growth to vertical invasive growth in primary 
cutaneous melanoma.
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Study Integrin
(Direction of
Regulation in
Aggressive
Melanocytes)

Material
Studied

Method Findings

Voura et al26 ɑvβ3 (↑) Human cells Functional 
Assays

Interaction of ɑvβ3 on melanoma cells with the L1 Cell 
Adhesion Molecule on endothelial cells plays and important 
role in the transendothelial migration of melanoma cells.

Meves et al27 ɑvβ3 (↑) Human tissue IHC, qRT-
PCR, RNAseq

ɑvβ3 expression in thin and intermediate thickness primary 
cutaneous melanoma was associated with an increased 
likelihood of sentinel lymph node metastasis within 90 days 
of diagnosis.

Abbreviations: FACS, Fluorescence-activated cell sorting; IHC, immunohistochemistry; MAb, monoclonal antibody; qRT-PCR, qualitative reverse 
transcriptase polymerase chain reaction; DFS, disease free survival; RNAseq, next-generation RNA sequencing.
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