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Abstract

Vibrational Optical Coherence Tomography (VOCT) is a new technique to noninvasively characterize skin cancers. We have 
previously shown that skin cancers exhibit new mechanovibrational peaks at 80, 130, and 250-260 Hz. The 80 Hz peak appears 
to represent new cells including Cancer Associated Fibroblasts (CAFs) while the new 130 and 250-260 Hz peaks reflect thin 
blood vessels and fibrotic tissue, respectively. Epithelial cell derived cancers are characterized by the formation of CAFs that 
are stiffer than normal fibroblasts, induce deposition of new thin vasomimictry vessels, and influence fibrotic tissue formation 
by expression of lysyl oxidases. The results of this study suggest that small lesions less than 0.13 mm in diameter are found in 
clear margins of skin cancers while lesions greater than 0.21 mm in diameter are characteristic of cancerous tissue based on 
histopathology. The results of this study suggest that early detection of MEL lesions as small as 0.06 mm can be achieved non-
invasively using VOCT. VOCT may provide a method of screening patients for skin cancer in remote areas where Dermatologists 
are unavailable through use of telemedicine.
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Introduction

Each year 5.4 million basal and squamous cell carcinomas 
and about 97,610 cases of melanoma are diagnosed in the US 
[1]. While the number of cases of melanoma diagnosed each 
year is a small fraction of the total skin cancer cases, most 
deaths due to skin cancer are a result of melanomas [2]. Di-
agnostic criteria for melanoma are based on a skin biopsy and 
evaluation of the lesion thickness, presence or absence of ulcer-
ation, mitotic rate, subtype of lesion, presence of immune cells, 
margin status, and presence or absence of cell surface mark-
ers, cancer cells, and lymph and blood vessels [https://www.
cancer.net/cancer-types/melanoma]. Diagnosis of melanoma is 

sometimes very difficult even if the lesion is highly pigmented, 
since the lesion can have a blue-white veil, atypical vessels, and 
white shiny streaks [3]. The sharp increase in the diagnosis of 
skin cancer led to the development of technologies for skin can-
cer diagnosis including: 

(1) Dermoscopy,

(2) Multiphoton microscopy, 

(3) Reflectance confocal microscopy, 

(4) Dermatofluoroscopy, 

(5) Optical coherence tomograph, 
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(6) Line-field confocal optical coherence tomography, and 

(7) Vibrational optical coherence tomography [4,12].

While these technologies have provided further insight into 
imaging and diagnostic criteria for skin cancer some of the in-
struments are expensive, come in direct contact with the skin, 
require highly trained personnel to operate, and are not simple 
to use during a routine skin examination. Ultimately, any non-
invasive test to determine the type, margins, and depth of a 
skin cancer must be supported by subsequent histopathology. 
The ability to determine the malignancy of a lesion, its edges 
and depth in the initial office visit would provide several ben-
efits. These benefits include immediate removal of the tumor 
with clean margins, a better understanding of the surgery re-
quired to treat the patient for head, neck, and facial lesions, 
and use of telemedicine to diagnose skin lesions by general 
practitioners in remote areas [12]. We have developed a nonin-
vasive technique termed Vibrational Optical Coherence Tomog-
raphy (VOCT) that yields a lesion image, cellular, blood vessel 
and fibrotic tissue composition, modulus (stiffness) measure-
ments, and additional biomechanical information detailing skin 
lesions [7,12]. Clinical VOCT studies on Actinic Keratoses (AKs), 
Basal Cell Carcinomas (BCCs), Squamous Carcinomas (SCCs), 
and Melanomas (MELs) indicate that new resonant frequency 
peaks are seen at 80 Hz (AK, BCC, SCC, and MEL), 130 Hz (AK, 
BCC, SCC, and MEL), and at 260 Hz (BCC, SCC, and MEL). These 
peaks have different stiffnesses from those found in normal skin 
[8,10]. The location of these peaks can be mapped based on the 
pixel intensity versus depth plots [7,12]. In BCC, SCC, and MEL 
the new cells (80 Hz), blood vessels (130 Hz), and fibrotic tis-
sue (250-260 Hz) are all located together in the lesion suggest-
ing the coordinated deposition of these elements in the tumor 
microenvironment [8,12]. Previous reports using VOCT to ana-
lyze different skin cancers suggest that the 50, 80, 130, 150 and 
260 Hz peaks represent normal skin cells (50 Hz), new cells (80 
Hz), new thin blood vessels (130 Hz), normal blood vessels (150 
Hz), and fibrotic tissue (250-260 Hz) [7,12]. The presence of a 
new cellular (80 Hz), blood vessel (130 Hz), and fibrotic peaks 
(250-260 Hz) are characteristic of cancerous lesions [7,11]. It is 
likely that the 80 Hz peak reflects Cancer Associated Fibroblasts 
(CAFs) in the tumor since they have been reported to be stiffer 
than skin fibroblasts [13,14]. CAFs are reported to enhance cell 
proliferation and induce tumor formation of epithelium and al-
ter the composition and remodeling of the Extracellular Matrix 
(ECM) [15]. They are thought to be associated with formation of 
tumor vasculature (130 Hz peak), tumor aggressiveness, and a 
poor outcome prognosis [16]. CAFs stiffen the tumor (250-260 
Hz peak) by enhanced cross-linkage of the ECM components af-
ter release of lysyl oxidase [17]. CAFs have been identified as 
playing a key role in areas such as tumor drug resistance [18]. 
The expression of commonly identified fibroblast markers on 
CAFs varies strongly between different subpopulations [18]. 
CAFs facilitate cancer cell migration and invasion via direct and 
indirect interactions [19]. They are involved in angiogenesis, 
invasion and metastasis, and extracellular matrix remodeling 
[20] exerting a physical force on cancer cells that enables their 
collective invasion [21]. In addition to altered collagen in the 
tumor environment, aligned fibronectin is a prominent feature 
of invasion sites in human prostatic and pancreatic carcinoma 
samples [22]. Tumor progression may entail a nonmutational 
conversion (“education”) of stromal p53, with an altered func-
tion of converting from tumor suppressive to tumor supportive 
behavior [23]. CAFs recruit infiltrating immune cells leading to 
immunosuppression of the tumor [24]. Some senescent cancer 

cells secrete metalloproteinase 2 (MMP-2) that promotes kera-
tinocyte loss of cohesion and spreading of cells into the dermis 
[25]. The location of the 80, 130, and 250-260 Hz peaks in can-
cerous tissue can be used to noninvasively map clear margins 
and depths of lesions prior to conducting surgical excision. This 
will facilitate identification of lesion margins and depths and 
identify tissue that requires excision. It will also allow for nonin-
vasive evaluation of the remaining tissue after the lesion is fully 
excised. If the lesion depth can be identified noninvasively, this 
will facilitate complete lesion removal. It will also allow clini-
cians during surgery to view the remaining skin for clear mar-
gins and provide additional information about the lesion for the 
Dermatopathologist. Histopathology can then be conducted on 
the excised skin to confirm that the margins are cancer free. 
The purpose of this paper is to evaluate morphological and bio-
mechanical data on clear margins and cancerous areas of MELs 
using VOCT. The results of this study suggest that the 80, 130 
and 250-260 Hz resonant frequency peaks characteristic of skin 
cancers are still present at the clear edges of cancerous lesions; 
however, the lesion cluster sizes at the clear margins are much 
smaller (<0.13 mm) than that of the cancerous lesion centers (> 
0.21 mm). These results suggest that the presence of cancerous 
tumors and the clear lesion margins can be differentiated from 
normal skin noninvasively based on the size of the clusters and 
the peaks seen by VOCT.

Methods 

Subjects: Normal skin was studied in vivo, and excised MEL 
biopsies in vitro using VOCT after informed consent was ob-
tained, as reported previously [7,12]. The number of samples 
studied in each group is listed in Table 1. The cancerous lesions 
were examined at the center and along the clear edges by VOCT 
and histopathology. The edges were judged clear of cancer after 
a review by a board-certified dermatopathologist. Only lesions 
that were identified based on both camera (magnification of 
10x) and OCT images were included in the study. The control 
subjects studied ranged in age from 21 to 71 years old and the 
cancer patients were 60 years of age and older.

OCT image collection and measurement of resonant fre-
quency: Measurements on normal skin in vivo and on excisional 
biopsies in vitro were made using an OQ Labscope 2.0 modified 
with a 2 inch-diameter acoustic speaker as described previously 
[7,12]. Raw image OCT data were collected and processed us-
ing MATLAB software [7,2]. The measured resonant frequencies 
were converted into elastic modulus values using an empiri-
cal calibration equation (1) determined from VOCT and tensile 
measurements on soft tissue samples [7,12]. Based on equation 
(1) sample component displacements are inversely related to 
the Elastic modulus (E) in MPa of the tissue elements, where fn 
is the resonant frequency, and d is the sample thickness in m. 
Exd = 0.0651 x (fn)2 + 233.16 (1). Histopathology was conducted 
by a dermatopathologist after routine processing. OCT images 
of the samples were obtained in the scanning mode and were 
color-coded as discussed previously based on the pixel intensity 
[7,12]. Measurement of the resonant frequencies of the major 
components of skin were made using an OQ Labscope 2.0 (Lu-
medica, Inc., Durham, NC) that was modified by adding a 2 inch-
diameter speaker placed about 2.5 inches above the area to be 
studied. Both infrared light at 840 nm and sinusoidal sound 
waves from the speaker between the frequencies of 30 and 300 
Hz were applied transversely to the skin. The sound waves were 
applied at increments of 10 Hz along the axis of the light beam 
as described previously [7,12]. A plot of weighted displacement 
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versus frequency resulted in a mechanovibrational spectrum of 
each sample. Weighted displacement versus frequency mea-
surements for each specimen were corrected by dividing by the 
vibrations due to the speaker in the absence of the specimen. 
All weighted displacement data collected were normalized to 
the largest peak in the weighted displacement versus frequency 
spectrum. The peak frequency (the resonant frequency), fn, is 
defined as the frequency at which the displacement of each 
major skin component is maximized. Resonant frequencies for 
normal cells in skin (50 Hz), new CAFs (80 Hz), dermal collagen 
(100 Hz), new cancer associated blood vessels (130 Hz), dermal 
blood vessels (150 Hz), and skin fibrotic collagen (250-260 Hz) 
have been defined from results of previous studies [7,12].

Calculation of the average tissue elastic modulus: The aver-
age elastic modulus was determined by calculating the prod uct 
of the weighted displacement peak height and the component 
elastic modulus values and then dividing by the sum of all the 
peak heights. The tissue average elastic modulus reported for 
each group is therefore weighted by the infrared light reflectiv-
ity which is proportional to the physical size of the component. 

Statistics: The resonant frequency of normalized peak 
heights and moduli of normal skin and skin lesions were com-
pared using an unpaired one-tailed Student’s t test. All p values 
were considered significant if they were less than 0.05.

Results

Figures 1 and 2 show camera and color-coded OCT images 
of lesion cross-sections, respectively for normal skin and a typi-
cal non-pigmented MEL. The VOCT measurements were made 
at the centers and at the clear edges of each MEL judged to 
be cancer free based on histopathology. The center of the MEL 
shown in Figure 2B lacks a continuous stratum corneum that 
is seen in yellow in the color-coded OCT image in normal skin 
(Figure 1B) and the basal epithelium are seen in pink in normal 
skin in Figure 1B. The center of the lesion in Figure 2B (right) has 
“large” lesions that appear as black spots indicated by the white 
arrows. Central lesions (black spots on right of Figure 2B) are 
consistent with clusters of cells, thin blood vessels, and fibrotic 
tissue previously reported [7,12] while the small black dots (Fig-
ure 2B with the red arrow) are found on clear margins based on 
histopathology. Weighted displacement versus frequency data 
was determined using VOCT for normal skin in vivo and excised 
MEL skin lesions in Figure 3. The major peak observed in the 
mechanovibrational spectrum of normal skin shown in Figure 3 
occurred at 100 Hz (dermal collagen) while the peaks at 50, 80, 
130 and 260 were small. Due to sample-to-sample variation in 
the mechanovibrational peak heights, peak heights of about 0.2 
or less are considered background vibrations. These peaks have 
been assigned as normal cells (50Hz), new cancer associated 
cells (80 Hz), dermal collagen (100 Hz), new cancer associated 
blood vessels (130 Hz), normal blood vessels (150 Hz), and fi-
brotic collagen (250-260 Hz) [7,11]. The 80, 130 and 250-260 Hz 
peak heights for the center of melanomas appeared higher than 
Normal Skin (NS) peak heights. The 250-260 Hz peak heights 
for the MEL edges appeared smaller than for the center of the 
cancer but were not significantly different as shown in Table 2.

The major statistical differences between groups were: 50 
Hz peak (normal skin cells) of the centers and edges were statis-
tically different from normal skin and the edge was statistically 
different from the center. There were more 50 Hz cells pres-
ent in the center of the lesion compared to the MEL edges and 
compared to normal skin. 80 Hz peak (CAFs) for both the edges 

and the center were statistically different than in normal skin 
but the numbers of cells were not statistically different between 
the center and edge. CAFs were present in the center and edges 
of the lesion while normal skin usually does not have a signifi-
cant 80 Hz peak. 100 Hz peak (dermal collagen) was statistically 
different for MEL centers and edges compared to normal skin. 
This result suggests normal dermal collagen was prevalent at a 
higher level and was replaced with fibrotic tissue at the centers 
and edges of MELs. 130 Hz peak (new thin blood vessels) were 
statistically different than normal skin, but center and edges 
were not statistically different from each other. These results in-
dicate that both the edges and centers of MELs have more thin-
ner blood vessels than found in normal skin. 250-260 Hz peaks 
(fibrotic tissue) were statistically different for center and edges 
of MELs compared to normal skin but not different from each 
other. This result indicates that both the center and edges of 
MELs have more fibrotic tissue compared to normal skin. Figure 
4 illustrates that the lesion diameters (black spots in Figure 2B) 
for the centers and edges of the MELs were statistically different 
with a p value of less than 0.001. The average of center lesion 
diameter was 0.21 mm and those of the clear edges were 0.13 
mm. This result suggests that lesion diameter appears to be 
correlated with differentiating clear edges from the centers of 
MELs. Figure 5 is a plot of elastic modulus values for the mecha-
novibrational spectrum peaks seen in Figure 3 for normal skin 
and MEL center and edges. Note that the elastic modulus of 
the center and edges of MELs are not significantly different as 
shown by review of Table 3. Figure 6 shows a comparison of the 
average elastic modulus for normal skin and MEL centers and 
edges. The elastic modulus of normal skin is about 2.55 MPa 
and is significantly different from that for MEL edges and center 
with p values of 0.003 or less. The increased stiffness of MEL 
and other cancerous tissues reflect the deposition of fibrous tis-
sue surrounding the CAFs.

Figure 1: Camera (A) and color-coded OCT (B) images of normal 
skin. Note that normal skin has a continuous layer of the stratum 
corneum in yellow, basal epithelium in pink, papillary dermis in 
blue. Note small black dots in normal skin are smaller than 0.02 
mm in diameter size.

A

B
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Figure 2: Camera (A) and Color-coded OCT (B) images of the center 
and edge of a non-pigmented nodular melanoma. Note the OCT 
image of the center (B right) is characterized by an interrupted layer 
of stratum corneum in yellow and black spots (see arrows) that are 
0.1 to 0.5 mm in size. Note that the basal epithelium (B right side) 
shown in pink is very scarce and almost nonexistent. The clear edge 
on the lesion (B left) has a yellow stratum corneum, and pink basal 
epithelium. Lesions as small as 0.06 mm are indicated by the red 
arrow, can be seen in the OCT images.

Figure 3: Plot of normalized weighted displacement versus fre-
quency for Normal Skin (NS), and nonpigmented Melanoma (MEL).
NS has a large 100 Hz peak (dermal collagen) and background levels 
(about 0.2) of the other peaks. MEL has larger peaks at 50, 80, 130, 
and 250-260 Hz both in the center and at the edges diagnosed free 
of cancer by histopathology compared to normal skin. The p values 
comparing the height of the peaks are shown in Table 2.

 

 

 

Figure 4: A plot of lesion diameter for centers and edges of MEL 
lesions evaluated based on histopathology and color-coded lesion 
OCT images. The lesions diameters (black spots) for the centers and 
edges of the MELs were statistically different. The average center 
diameter was 0.21 and that for the edge was 0.13 mm and were 
statistically different with a p value of less than 0.001. This result 
suggests that lesion diameter appears to be correlated with differ-
entiating clear edges from the centers of MELs. 

 

 

 

Figure 5: Elastic modulus (stiffness) values for the mechanovibra-
tional spectrum peaks seen in Figure 3 for normal skin and MEL 
center and edges. Note that the elastic modulus values for normal 
cells, normal dermal collagen and the edges and center of MELs are 
similar as shown in Table 3. The 80, 130, and 250-260 Hz peak are 
normally not found in normal skin.

 

 

 

Figure 6: A comparison of the average elastic modulus for normal 
skin and MEL center and edges. The elastic modulus of normal 
skin is about 2.55 MPa as opposed to over 5 MPa for MEL edges 
and center. The normal skin modulus is statistically different from 
that of MEL edges and centers with p values of 0.003 or less. The 
increased stiffness of MEL and other cancerous tissues reflect the 
deposition of fibrous tissue surrounding the CAFs.

 

Table 1: Sample size for VOCT studies on normal skin, centers, 
and edges of melanomas.

Type Sample Size

Normal Skin 24

Melanoma Center 16

Melanoma Edge 82
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Table 2: Statistical comparison of P values for weighted dis-
placement peak heights for normal skin, melanoma center, and 
edge based on VOCT studies. Note MEL edges and center peak 
heights are statistically different than those found in normal skin 
except for the 250-260 Hz.

Normal Skin Melanoma Edge

50 Hz

Melanoma Center <0.001 0.03

Melanoma Edge <0.001 -

80 Hz

Melanoma Center <0.001 0.41

Melanoma Edge <0.001 -

100 Hz

Melanoma Center 0.002 0.11

Melanoma Edge 0.009 -

130 Hz

Melanoma Center 0.01 0.08

Melanoma Edge <0.001 -

250-260 Hz

Melanoma Center 0.08 0.33

Melanoma Edge 0.004 -

50 Hz

Melanoma Center 0.002 0.43

Melanoma Edge <0.001 -

80 Hz

Melanoma Center 0.11 0.25

Melanoma Edge 0.011

100 Hz

Melanoma Center <0.001 0.41

Melanoma Edge <0.001 -

130 Hz

Melanoma Center 0.005 0.45

Melanoma Edge <0.001

250-260Hz

Melanoma Center <0.001 0.37

<0.001

Table 3: Statistical comparisons of elastic modulus of normal 
skin, and melanomas. Note the elastic modulus of the center and 
edges of MEL lesions are not significantly different.

Discussion

Increased stiffness of cancerous cells and tissues has been 
reported in the literature to be a critical factor in cancer pro-
gression by regulating transcription factors [26]. It is now rec-
ognized that the increased cellular stiffness in cancers is due 
to CAFs that direct the deposition of thin blood vessels and fi-
brotic tissue. Fibrotic tissue is crosslinked by lysyl oxidases re-
leased into the tumor [27]. The results presented in this paper 
indicate that the edges and centers of different cancerous le-

sions are different from normal skin based on both the mecha-
novibrational peaks present and the average modulus of the 
tissue. While normal skin has smaller peaks for normal cells, 
blood vessels, and fibrous tissue, MELs have new cells that are 
stiffer (80 Hz peak), new blood vessels with lower stiffnesses 
(130 Hz peak), and new fibrous tissues (250-260 Hz). The nor-
mal skin has epithelium and fibroblasts that contribute to the 
50 Hz peak. The number of “normal cells” in MEL lesions are 
increased based on the size of the 50 Hz peak. The increased 
50 Hz peak is likely due to proliferation of fibroblasts and other 
skin cells that are recruited by CAFs to alter the tumor microen-
vironment that are not eliminated or reprogrammed [28]. CAFs 
that are present are derived from fibroblasts, epithelial cells, 
adipocytes, pericytes, or stellate cells [28] and appear to lead 
to formation of cells represented by the 80 Hz peak during le-
sion growth. The 80 Hz peak reflects the presence of cancer as-
sociated fibroblasts or cells derived from CAFs since they are 
reported to be stiffer than normal fibroblasts [13,14]. The cor-
relation between the cells seen in the edge of MEL lesions in 
cell clusters in OCT images and those seen by histopathology 
of the MELs will ultimately give us a better understanding of 
what constitutes a clear margin. Understanding why the small 
lesions seen in OCT images are different from the large lesions 
seen in the center of MELs will provide a rapid method for 
screening tissue lesions. The existence of four different types 
of CAFs, namely, immunosuppressive, neoantigen presenting, 
myofibroblastic, and proliferative CAFs have been documented 
in the literature [29] and complicates the evaluation of cancer-
ous lesions. Cancer Associated Fibroblasts (CAFs) are reported 
to enhance cell proliferation and induce tumor formation of 
epithelium [15]. Some of the markers for neoantigen-present-
ing CAFs, UBE2T and KPNA2, were confirmed to promote CAF 
invasiveness [29]. However, a variety of other markers have 
been identified in CAFs [18]. Mutation of the p53 tumor sup-
pressor gene is associated with growth and survival advantages 
of CAFs [30]. Therefore, there are several types of “CAFs” that 
may have different functionalities in skin and the presence of 
one set of cell surface markers that define a CAF is not currently 
possible. It is important to attempt to understand which types 
of CAFs are most important in the aggressive reprogramming of 
the tumor environment. While CAFs alter the composition and 
remodeling of the Extracellular Matrix (ECM), they also change 
collagen assembly, fiber formation, and alignment of the new 
ECM that promotes invasion and migration of tumor cells and 
contribute to cancer progression [22]. One report indicates that 
ECM stiffness and composition jointly regulate the induction of 
malignant phenotypes in mammary epithelium [31]. CAFs can 
either facilitate or hinder cancer cell motility and invasiveness 
[32]. Upon conversion of fibroblasts and other cells into CAFs, 
these cells support the proliferation and survival of cancer cells 
and promote their aggressive features [23]. How CAFs alter 
the extracellular matrix that surrounds them is an important 
question that needs to be answered. The apparent decrease 
in dermal collagen in MELs and the reprogramming into stiff 
fibrotic networks by the action of lysyl oxidases suggests that 
collagen synthesis and deposition extracellularly is altered in 
these cancers. Are CAFs synthesizing fibrotic collagen or are 
they just altering the crosslinking of existing collagen in the tu-
mor? Besides dermal collagen, CAFs facilitate laminin-1 synthe-
sis, promoting the migration of tumor cells that express laminin 
receptors. Metalloproteinases produced by tumor cells cleave 
the extracellular domain of cell surface CD44, which creates an 
anti-adhesive pathway for tumor migration [33]. How the for-
mation of lysyl (LOX) covalent cross-linkages, and stabilization 
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of collagen and elastin fibers alters the tumor microenviroment 
is not totally clear [34]. Breast cancer cells in an in vitro inva-
sion model showed high levels of LOX mRNA in highly invasive 
cells but not in cells from poorly invasive breast cancers [35]. 
LOX functions as a promoter of angiogenesis [36] and enhances 
tumor angiogenesis in several types of cancer [36]. LOX expres-
sion is found to be correlated with release of increased levels of 
Vascular Endothelial Growth Factor (VEGF) and platelet-derived 
growth factor [37,38]. Other reports suggest that fibroblasts 
differentiate into CAFs and exert a contractile force, leading to 
increased intratumoral pressure [16]. An important question 
that needs to be answered is whether the stresses that are ex-
erted by CAFs on the tumor cells and extracellular matrix up-
regulate integrin mediated mechanotransduction. Enhanced 
cross-linkage of the ECM components by CAFs stiffen the ECM 
[16] and modify the vascularity of the lesion. Tumor cells in-
tegrate into the endothelium or even mimic and replace them 
with Vasculogenicmimicry (VM) vessels. Malformed endothelial 
lined VMs are typical of tumor tissue [16] and may reflect the 
reduce stiffness (130 Hz peak) seen in thin blood vessels found 
in cancerous lesions [7,11]. Is the formation of thin tumor asso-
ciated vessels a by-product of alteration in mechanotransduc-
tion pathways or is it part of up-regulation of mechanotrans-
duction by tumor stresses? Since VM is associated with tumor 
aggressiveness, and a poor outcome prognosis [15] the origins 
of VM are important. VM channels are typically characterized 
as an intricate meshwork of micro-channels of irregular diam-
eters that anastomose with endothelium-lined blood vessels; in 
contrast they are devoid of endothelial markers such as CD31 
[15]. The 130 Hz peak appears to be associated with VMs and 
may reflect the invasiveness of a tumor. However, further stud-
ies are needed to compare the location of the 130 Hz peak in 
the OCT images and in sections of active cancers. In breast can-
cers, metastatic epithelial cells migrate in direct contact along 
dense stromal collagen fibers [39]. They contract and localize 
collagen, followed by tumor growth and expansion (stretching) 
of the collagen matrix leading to matrix reorganization [40]. 
CAF-derived fibroblasts grown on cellular matrices from pros-
tate cancer patients had increased elastic modulus and a highly 
aligned F actin cytoskeleton compared with matrices containing 
normal fibroblasts [13]. In addition to the cellular phenotype 
and the gene expression profile, the mechanical properties of 
new ECM deposited could potentially be used for phenotyping 
of CAFs and lead to new diagnostic approaches [13]. Normal-
ly epithelial lined tissues and stromal extracellular matrix are 
physically separated by a basement membrane. The transition 
from normal epithelium to invasive carcinoma involves activa-
tion of local host stroma [41]. In cervical cancer metalloprotein-
ase MMP-2 is secreted and MMP synthesis is facilitated, leading 
to degradation of the basement membrane [33]. The Epithelial-
Mesenchyme Transition (EMT) is a process wherein epithelial 
cells undergo a phenotypic shift towards a mesenchymal state. 
EMT has been associated with both physiologic regeneration 
and pathological fibrotic conditions that occur in skin cancer 
[42]. For this reason, it is important to establish if the difference 
between EMT in normal wound healing and that associated 
with cancerous tissue proliferation.

Study limitations: Limitations of the study include the possi-
bility that acoustic vibrations from the center of the lesions may 
have influenced vibrations measured at the lesion edges. This 
may have resulted in an increase in the size of the 80, 130, and 
250-260 Hz peaks measured for some edges. Further studies 
are required to correlate the histopathology images with OCT 

images on MELs to relate the components seen by histopathol-
ogy to those seen in cell clusters in OCT images. This will pro-
vide additional information to better identify the components 
found in both large and small MEL lesions.

Conclusion

In summary, melanocytic cell cancers are associated with for-
mation of CAFs that are found in MELs. CAFs appear to induce 
deposition of new thin VM vessels and fibrotic tissue in the tu-
mor microenvironment. The results of this study suggest that 
the maturation of CAFs from small lesions less than 0.13 mm in 
diameter found in clear margins to those greater than 0.21 mm 
in diameter characteristic of cancer may involve changes in cell 
surface markers, VM formation, LOX crosslinking of new stiffer 
collagen, and expression of metalloproteinases. The results of 
this study suggest that early detection of MEL cell clusters as 
small as 0.06 mm can be rapidly achieved using VOCT. VOCT 
studies in conjunction with histopathology may provide addi-
tional information on the composition of small and large MEL 
lesions. Remote use of VOCT provides the potential of screening 
patients for skin cancer in areas where Dermatologists are in 
short supply [12].
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