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Abstract

Quantitative ultrasound is a promising alternative method for cancer diagnosis that is

non-invasive and cost-effective. This experiment investigated the potential of quantitative

ultrasound in diagnosing and differentiating breast and cervical cancer. Using HeLa cells and

MDA cells, the speed of sound and attenuation was measured using 5, 10, and 15 MHz

transducers. It was found that the speed of sound of the MDA and HeLa cells did not deviate

much, with values of 1527.6±3.1 m/s and 1527.5±3.9 m/s, respectively, but the attenuation of the

MDA and HeLa did vary, though error in the experiment leaves this conclusion up for debate.

Lack of variation in the speed of sound could have been due to the similar densities of the cell

pellets as well as similar cancerous morphologies of the cells. The difference in attenuation was

likely due to increased interference from the MDA cells due to unique mutations. Overall,

additional experiments need to be done to finalize the attenuation conclusions. In addition, it

must be explored if other ultrasonic characteristics can be used to differentiate between the cells

and other cell lines or cancer types must be used to further investigate the potential of

quantitative ultrasound.

Introduction

Quantitative Ultrasound

Cancer is the second most common cause of death in the United States; 1.9 million new

cases are expected to be diagnosed in 2022 (1). Approximately 39.5% of the population will be

diagnosed with cancer at some point in their lifetime, and the CDC predicts that by 2050, due to

the growth and aging of the US population, cancer diagnosis will increase by 49% (2, 3).
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Consequently, the cost of treatment is likely to increase (2). Due to the increased incidence and

cost of cancer, it is crucial to streamline cancer diagnosis.

The most common existing methods used to diagnose cancer include lab tests, imaging

tests, and surgical biopsies. Lab tests can help a health care team make a diagnosis by looking at

chemicals or circulating tumor cells in the blood, but they do not provide a definitive diagnosis

method and further testing is required (4). Imaging tests are used to look inside the body for

various reasons; for example, searching for a tumor or diagnosing the stage of cancer, etc.

However, like lab tests, these imaging results cannot confirm if an abnormal area is cancer. They

can find large masses of cells, but not small ones, and can incorrectly indicate cancer (5).

Therefore, to definitively diagnose cancer, biopsies are required. They are invasive and involve

removing a tissue sample from the patient with either a needle or an endoscope (6). There are

various types of biopsies; a needle biopsy involves using a needle to collect cells, an excisional

biopsy involves surgery to remove suspect tissue, a shave biopsy removes tissue by scraping the

surface of the skin, and endoscopic and laparoscopic biopsies insert tubes with video cameras to

examine abnormal areas and take tissue samples for examination (7). Biopsies are the most

invasive and expensive part of cancer diagnosis. Because of the extensive testing required, it is

financially and medically beneficial to develop a less-invasive and less-expensive way to

diagnose cancer and ultimately reduce the number of biopsies.

Ultrasound is a potential alternative method that is already used in medical imaging; for

example, it is used for sonograms and diagnosing gallbladder disease. It is an inexpensive,

versatile, and portable technique that may be preferable to existing methods for cancer diagnosis

because of its low cost, non-invasive, non-radiation nature (8). Ultrasounds function by using

sound waves to produce images from the inside of a patient’s body (9); these images are created
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by impedance mismatches or specular reflections caused by different types of tissues having

different resistances to sound wave propagation. The mismatch between these resistances creates

an image, and diffuse reflections where sound waves scatter off of tissues show gray-scale

differences (Figure 1). The most well-established ultrasound method is B-mode imaging. This

technique displays the brightness of the radio-frequency (RF) echo signal; these echoes are

created by the scattering of ultrasonic waves in various directions by the various tissue types.

Therefore, B-mode imaging can be used to qualitatively distinguish tissue types as each has a

unique reaction to ultrasound waves (10). B-mode ultrasound imaging has been utilized in

oncology to obtain data on tumors in an attempt to diagnose cancer. However, this is insufficient

to definitively diagnose cancer and other methods are required.

Figure 1: An image depicting the
basic method by which ultrasounds
create images. The sender/receiver
sends original waves, as seen by the
red waves. These waves then come
in contact with the object which in
this project is the tissue. The object
then reflects the waves back,
demonstrated by the green waves.
The waves are reflected back at a
different frequency due to impedance
mismatches.
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Quantitative ultrasound (QUS) utilizes the characteristics of tissues to quantitatively

distinguish between tissue types. It differs from B-mode ultrasound because QUS provides

quantitative information as opposed to visual, qualitative information. While B-mode ultrasound

is used to form an image, QUS is used to obtain numerical values for specific measurements

regarding the various characteristics of tissues. Obtaining QUS data requires collecting and

processing the radio frequency (RF) data and ensuring the tissue properties are independent of

instrumentation and operator. Further, these data need to be consistent and set throughout the

industry. Some features of tissue types that can be examined by QUS are the speed of sound and

attenuation. The speed of sound relates to the propagation of sound waves through tissues and

tends to be higher in tissues with increased stiffness and density (11). Attenuation is the decay

rate of a wave as it moves through a material. The intensity of ultrasound waves decreases as it

travels through tissues because the tissue absorbs and scatters the waves (12). Finally,

backscatter refers to the frequency-dependent reflection of waves back in the direction that they

came (13). QUS properties are intrinsic to the tissue and do not depend upon instrumentation.

The QUS approach has been utilized in previous studies: one performed by Teisseire et

al. (14) examined the ultrasonic backscatter coefficient of Chinese hamster ovary cells. This

study used a hamster ovary cell pellet—a large cluster of collected cells —and compared its

backscatter results against pre-existing models of backscatter. The researchers found that their

experimental data agreed with pre-existing data, implying that the models are valid tools for

classifying cell structures. Another study, performed by Doyle et al. (15), examined normal and

cancerous breast cancer cells and how their ultrasonic qualities differed. The researchers sought

to determine if cancerous breast cancer cells could be detected with high-frequency ultrasound.

High-frequency ultrasound is ultrasound of at least 10 MHz which is used to visualize skin and
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upper part of subcutaneous tissue. In this study, they used cell cultures treated with transducers to

collect their data. They found that normal and malignant cells have qualities that are significantly

different. Both of these studies examine how QUS can be used to diagnose cancer. This study

had a similar goal; using QUS data, it examined the characteristics of two types of cancer to

differentiate between them. Using these properties and QUS methods, cancer diagnosis can

become non-invasive and cost-effective.

Cancer Types

Breast and cervical cancer are cancers that affect people worldwide. Breast cancer

accounts for 22-25% of new cancer cases diagnosed (16, 17). Cervical cancer was the fourth

most common cancer in women and accounted for 6.9% of all cancer cases diagnosed in 2020

(16). While lung cancer was the leading cause of cancer-related death, breast cancer accounted

for 6.9% of cancer deaths. Female death rates for breast and cervical cancers were significantly

higher in low and middle-income countries when compared to high-income countries (18). The

American Cancer Society predicts that breast cancer will account for 31% of the new cancer

cases diagnosed in 2022, with approximately 287,850 new cases (1). Cervical cancer is estimated

to account for 14,000 new cases and 4,280 deaths in the United States (19). Due to the incidence

and aggressiveness of these cancers, both nationally and worldwide, determining a fast and

effective alternative diagnosis method for them is crucial.

Breast cancer is characterized by uncontrolled, abnormal growth of breast cells (20).

Mutations in the genes BRCA1, BRCA2, P53, PTEN, and ATM can predispose people to breast

cancer. Breast cancer has three major subtypes, and each is based on the presence or absence of

estrogen (ER) and/or progesterone (PR) receptors and human epidermal growth factor 2 (HER2).

Triple-negative breast cancer, where all three markers are absent (ER-negative, PR-negative,
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HER2 not expressed), is extremely aggressive and lacks targeted therapies. Patients with

triple-negative breast cancer typically have a poor prognosis; while the tumors are responsive to

chemotherapy, they are more likely to recur than the other two subtypes (21, 22, 23, 24). As

more than 90% of breast cancers are not metastatic at the time of diagnosis, it is crucial that

breast cancer (especially triple-negative) be detected early (25). Triple-negative breast cancers

grow quicker than other breast cancers, and they are more likely to be metastatic by the time it is

discovered, and therefore the prognosis is not as positive. The 5-year survival rate for

triple-negative breast cancer that has metastasized at the time of diagnosis is 12% (26). Breast

cancer is typically initially diagnosed using a mammogram, a low-dose x-ray that detects

abnormal areas in the breast. The goal of mammography is early cancer detection. However,

mammograms cannot specifically determine if these abnormal areas are cancer, so further testing

in the form of biopsies is typically required (25). Mammograms and biopsies are both painful

methods of breast cancer detection. In addition, mammograms are a type of radiation exposure.

Even in low doses, this can raise the risk of developing cancer, which does not make it an ideal

method of diagnosis. Therefore, determining an alternative method of diagnosis would be safer

and less painful for patients.

Cervical cancer is the fourth most common cancer in women worldwide (16). Cervical

cancer occurs when the cells of the cervix - the lower part of the uterus that connects to the

vagina - are genetically altered (27). Cervical cancer is almost always caused by chronic

infection by high-risk subtypes of the human papillomavirus (HPV); specifically, HPV accounts

for approximately 90% of all cervical cancer cases (28). However, HPV infection alone is not

sufficient to cause cervical cancer; several environmental factors, such as smoking, and genetic

factors, like mutations in the genes TP53, MDM2, and CDKN2A, are often involved in the
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progression of a precancerous lesion to invasive cancer (29). Incidence and mortality of cervical

cancer vary widely due to geographic location. In high-income countries, due to increased

screening in the form of the Pap smear and the implementation of the HPV vaccine, cervical

cancer incidence has decreased by more than half in the past 30 years. However, in low and

middle-income countries, due to a lack of medical resources and infrastructure, cervical cancer

remains the second most common type of cancer and the third most common cause of

cancer-related death. Cervical cancer diagnosis is done in multiple steps; the woman typically

receives a pelvic exam to visualize the cervix and vagina (27). Cervical cytology is also done; a

sample of cells is taken from the cervix to check for any abnormalities (30). In symptomatic

patients, a colposcopy and biopsy are performed to definitively diagnose cervical cancer (27).

All of the methods for diagnosing cervical cancer are invasive and uncomfortable. As with breast

cancer, determining an alternative, less-invasive method of diagnosis would increase patient

comfort and the probability of patient compliance with testing guidelines.

Literature Review

Cancer

All cancers are characterized by abnormal and uncontrolled growth of mutated cells.

These cells have the ability to leave their original site of growth, invade normal tissue, and

metastasize to other areas of the body. Cells acquire this ability because the mutations cause the

cells to stop their normal function and transform into cancerous cells (33). These mutations occur

in proto-oncogenes. Proto-oncogenes are a class of genes that, when mutated, become

oncogenes. Proto-oncogenes are typically genes that control cell growth development; they

control cell division and regulate apoptosis, which is programmed cell death. These processes are

crucial for healthy growth and development. However, when proto-oncogenes are mutated into
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oncogenes, these functions are inhibited (34). These mutations can also occur in tumor

suppressor genes (TSG). TSGs are involved in DNA damage repair, inhibition of cell division,

induction of apoptosis, and suppression of metastasis (35). When these genes are mutated, cells

divide uncontrollably, avoid apoptosis, and metastasize. These mutations are all required to

stimulate cancerous growth and are characteristic of all types of cancer. The mutations can be

caused by a variety of environmental and genetic factors and occur in any tissue in the body.

Cervical Cancer

As stated previously, cervical cancer is cancer of the cervix, the lower part of the uterus

that connects to the vagina (35). About 80% of cervical cancer cases arise from dysplasia, or

abnormally developed cells, in the squamous tissue of the cervix. Squamous cell carcinoma,

which is cancer in the epithelial lining of the outer part of the cervix projecting into the vagina,

accounts for 80% of all cervical cancer cases. Adenocarcinoma of the cervix, which is cancer of

the glandular cells lining the cervical canal, accounts for 20% of the cases (36, 37). Cervical cells

are typically mutated due to infection by high-risk subtypes of the human papillomavirus (HPV)

(38).

HPV is considered a casual agent in cervical cancer. HPV is classified as high risk

(HR-HPV) and low risk (LR-HPV) according to its carcinogenic potential (39). There are

fourteen HR-HPV subtypes; HPV16 and HPV18 are responsible for most cervical cancers (40).

HR-HPV is typically associated with invasive cervical cancer; persistent or repeated infection is

characteristic of cervical carcinogenesis. HPV infects epithelial cells of the cervix via lesions.

Infected cells then develop high-grade lesions which can lead to cervical neoplasia (abnormal

growth of tissue) and eventually invasive cancer. When the virus is integrated into the host cell’s

genome, the virus can mutate cells to favor virus replication and cell transformation (39).
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HPV is a circular DNA virus with eight genes. These genes are characterized as early or

late according to their expression in the progression of HPV; there are six early genes, called E1,

E2, E3, E4, E5, and E6, and two late genes, called L1 and L2. Integration of HPV into the

genome typically occurs because of a break in the E2 gene. E6 and E7 are the genes primarily

responsible for cancerous transformation; they are the oncogenes of HPV. They directly

influence cellular pathways like apoptosis, cell proliferation, growth, and motility. E2 is the main

repressor of the expression of E6 and E7. Breaking the E2 genes leads to the loss of repression of

the oncogenes. Activation of E6 and E7 leads to the onset of tumorigenesis (39).

Figure 2: An image depicting the
structure of the HPV gene. HPV is a
circular virus with eight genes and
one long control region (LCR) with
areas for transcriptional activators
and repressors. Genes are
color-coded based on their
expression time (early or late) and
their oncogenic potential. Integration
into the genome can result in the loss
of the E2 gene and activation of
oncogenes.
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Specifically, oncogene E6 makes products that inhibit p53 and Bak (39). p53 is a tumor

suppressor gene that controls cell division and cell death (41). Bak is a member of the BCL2

protein family and acts as a regulator of apoptosis (42). E6 also promotes cell proliferation by

upregulating telomerase activity, which leads to cellular immortalization. E6 affects paxillin,

which binds to proteins involved in actin cytoskeleton organization (39). Actin plays a role in

cell motility and is directly associated with tumor metastasis (43). E6’s control of paxillin leads

to the rupture of the cytoskeleton, which allows cancerous cells to invade the extracellular matrix

and metastasize to other tissues of the body. E6 also affects IRF-3, which decreases transcription

of the INF-b gene, leading to increased cellular proliferation. Finally, E6 targets Bax and C-myc,

which leads to an anti-apoptotic effect (39).
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Figure 3: An image depicting the genes that are impacted by the E6
oncogene. The activation or suppression of the various genes leads
to a carcinogenic effect on cells, such as suspension of apoptosis
and cell division control or increased cell proliferation, metastasis,
and cellular immortalization.

Similarly, E7 inhibits pRB, which leads to p16 upregulation and CDK-1 inactivation. p16

and CKD-1 are tumor suppressor genes; E7’s alteration of the genes leads to tumor proliferation.

E7 also stimulates the production of cyclins A and E, inactivates p21 and p27, and amplifies

centrioles. All of these mechanisms lead to cell immortalization (39). By altering the above

genes, overexpression of E6 and E7 can initiate the cellular transformation process.

Figure 4: An image depicting the genes that are impacted
by the E7 oncogene. E7 can negatively inhibit or stimulate
genes and lead to both tumor proliferation and cellular
immortalization.

While HPV infections are necessary to develop cervical cancer, they are not sufficient;

only 99% of cervical cancers are caused by cervical cancer, and it is widely reported that some

women develop cervical cancer independently of HPV infection. The success of the HPV
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infection in causing cervical cancer depends on interactions between the host cell and the viral

genome. There is evidence that host genetics play a role in cervical cancer susceptibilities, such

as familial aggregation of cervical neoplasia in cervical cancer first-degree relatives, twin

studies, and Fanconi anemia patients. However, the specific genes which increase a patient’s

susceptibility to cervical cancer are unknown. Several studies have been conducted looking at

tumor suppressor genes such as TP53, MDM2, CDKN2A, and CDKN1A, but no definitive

evidence has shown that mutations in these genes increase susceptibility to cervical cancer (44).

Of specific relevance to this study is the HeLa cervical cancer cell line. The HeLa cell

line was isolated from a cervical adenocarcinoma in a 31-year-old African-American woman in

1951 (32). As is the case with most cervical cancers, the cells have HPV DNA, indicating that

this illness was caused by HPV (45). 4.5 million single-nucleotide variations (SNVs) have been

found in the HeLa cell lines. About 3,000 structural variations have also been identified,

including deletions, insertions, and translocations. These mutations caused 2,000 genes to be

overexpressed, resulting in increased proliferation and transcription (46). HeLa cells also display

chromothripsis, or chromosome shattering. Chromothripsis is when tens of thousands of

chromosomal arrangements occur. This can lead to oncogene activation and tumor suppressor

loss (47). However, it is unknown if the set of rearrangements caused carcinogenesis or if these

rearrangements occurred during cell culture. (46).

Of the mutations that occur in HeLa, there were 10 preferentially essential genes that

have the lowest mean subtracted score of the cell line. These genes were the most essential in

causing carcinogenic growth (48). The first was the UBE3A gene, which provides instructions

for making ubiquitin protein ligase E3A, which helps regulate protein synthesis and degradation

(19). This particular protein interacts with the E6 protein of HPV-16 and HPV-18 and causes the
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ubiquitination and proteolysis of p53, resulting in a loss of the tumor-suppressor gene (50). The

CRNKL1 gene is also mutated and is involved in pre-mRNA splicing and cell cycle progression

(51, 52). Mutations result in a loss of cell cycle regulation (52). Next is the URI1 gene. This gene

plays roles in ubiquitination and transcription and has been known to play roles in multiple

malignancies (53). The NOL7 gene controls cell growth rates and functions as a tumor

suppressor. When mutated, the cell grows uncontrollably (54). The ABCD1 gene provides

instructions for producing the ALDP protein, which breaks down fatty acids (55). The RNP1

gene encodes an integral membrane protein that forms part of the regulatory subunit of

proteasome and thus mediates ubiquitination (56). The ZER1 protein encodes a subunit of the E3

ubiquitin ligase complex and may be involved in meiosis. Mutations can cause both errors in

protein degradation and chromosome segregation before the division of gametes (57). The

GNRH1 protein encodes a preprotein that is processed to generate a peptide which is a member

of the GnRH family of peptides (58). This family of proteins has been shown to play a role in

regulating cell proliferation (59). The next protein, the DCTN6 protein, encodes a protein called

dynactin-1, which plays a critical role in cell division and cell transport (60). Finally, the TNS2

belongs to the tensin family, which plays a role in regulating cell migration. Mutations can result

in cell invasion and metastasis (61). A tabulated summary of these genes and their functions is

listed below. All of these mutations and more play a role in the cancerous nature of HeLa cells

and contributed to the transformation of the cervical cells.

Table 1: A list of the major genes mutated in HeLa cells, their function, and how a mutation in
that gene can lead to cancerous growth.

Gene Function Mutation

UBE3A Makes ubiquitin protein
ligase E3A, which regulates
protein synthesis and
degradation

Interacts with the E6 protein
of HPV-16 and HPV-18, and
causes the ubiquitination and
proteolysis of p53, resulting
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in a loss of the
tumor-suppressor gene

CRNKL1 Pre-mRNA splicing, cell
cycle progression

Loss of cell cycle regulation

URI Ubiquitination, transcription Specific method is unknown;
known to play role in
multiple malignancies

NOL7 Controls cell growth rates,
tumor suppressor

Hyperplasia

ABCD1 Instructions for producing
ALDP protein, which breaks
down fatty acids

Unknown

RNP1 Encodes integral membrane
protein forming regulatory
subunit of proteasome,
regulates ubiquitination

Dysregulation of
ubiquitination

ZER1 Encodes subunit of E3
ubiquitin ligase, involved in
meiosis

Errors in protein degradation
and chromosome segregation
before the division of gametes

GNRH1 Encodes preprotein processed
to generate peptide which is a
member of GnRH family

Dysregulation of cell
proliferation; hyperplasia

DCTN6 Encodes dynactin-1, which
controls cell division and
transport

Hyperplasia

TNS2 In the tensin family, which
plays a role in regulated cell
migration

Cell invasion and metastasis

Breast Cancer

Breast cancer is the uncontrolled, abnormal growth of breast cells and is the second most

common cancer diagnosed in women, behind skin cancer (20). Unlike cervical cancer, there is

not one overwhelming cause of breast cancer. However, there are multiple risk factors that
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predispose one to breast cancer. Some are related to the level of hormones like estrogen and

progesterone and how they fluctuate throughout a female’s lifetime. The first relates to

childbearing; generally, the risk of breast cancer is reduced by bearing children, which accounts

for high rates of breast cancer in nuns and single women and low rates in married women (72).

Women who had had at least one full-term pregnancy have about a 25% reduction in breast

cancer risk. The younger one is at the age of their first birth, the greater their reduction in risk is.

(72). Also, breastfeeding tends to have a protective effect, as breast cancer risk is low in areas

where prolonged breastfeeding is common (72). However, the effect of breastfeeding is

controversial as the decrease in risk associated with breast cancer is minimal. (73). Women who

experience menopause late in life are more likely to develop breast cancer; the risk increases by

3% each year older at menopause (72). The use of oral contraceptives increases breast cancer

risk by 25%, but the risk falls after cessation of use (73). Other risk factors are environmental

and dietary factors. Ionizing radiation like that one is exposed to during x-rays can increase the

risk of breast cancer, as mammary tissue is very susceptible to malignant transformation from

radiation (73). Also, dietary factors such as high-fat diets, smoking, and increased alcohol intake

can increase the risk of developing breast cancer (72, 73). There are also multiple germline

mutations that can increase the risk of breast cancer which will be discussed in more detail

below.

Carcinomas are the most common type of breast cancer (62). Carcinomas develop in the

cells that line the body and organs; they are cancers of the epithelial cells. Most often, breast

cancer begins in the milk-producing ducts of the breasts, which is called invasive ductal

carcinoma (20). There are six key genes that contribute to the characteristics of breast carcinoma.

These are the estrogen receptor (ER), the progesterone receptor (PR), the retinoic acid receptor,
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the epidermal growth factor receptor family members, p53, and BRCA1/BRCA2. The first three

are steroid hormone receptors (63). These include the estrogen receptor (ER) gene, the

progesterone receptor (PR) gene, and the retinoic acid receptor (RAR).

The ER gene encodes the estrogen receptor (64). The effects of the ER receptor are

mediated by the ER proteins, ER-∝ and ER-β. In the absence of estrogen, ER-∝ and ER-β form

an inactive complex with HSP 90. When ER is activated, the proteins dimerize and

autophosphorylate, activating themselves. Active ER can regulate gene transcription by

activating the mitogen-activated protein kinase pathway (MAPK) (63). This pathway regulates

cell division (65). Therefore, carcinomas that are ER-positive are often associated with a better

prognosis because tumors tend to grow slowly. However, some breast carcinoma patients lack

the ER gene. It is typically lost due to mutations, deletions, loss of heterozygosity, or

polymorphisms in the gene. When tumors are ER-negative, cells grow uncontrollably and tumors

are not regulated. These tumors rarely respond to endocrine therapy and are associated with poor

prognosis (63). Similarly, the PR gene encodes the progesterone receptor (66). It has two

isoforms (PRA and PRB), both of which are typically highly expressed in normal tissues, but

PRB concentration is typically elevated in breast carcinoma. This leads to a decrease in the

PRA:PRB ratio, which is a crucial parameter in progesterone-mediated functions such as

transcription regulation (63, 67). PR status is a good predictor of tumor responsiveness; 75% of

PR-positive tumors respond to endocrine therapy. Lacking the PR receptor typically results in a

poor prognosis. The final steroid hormone receptor is the retinoic acid receptor (RAR). There are

three variants expressed at high levels in normal tissues which regulate gene transcription. RAR

is a tumor suppressor gene, as it inhibits cell proliferation, induces cell division, inhibits
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apoptosis, and inhibits the cell cycle. Loss of the RAR, especially the RAR-β gene, is an active

area of research as it is found in primary tumors (63).

The epidermal growth factor (EGF) receptor family is another set of genes typically

found to be mutated in breast carcinoma. There are many genes in this family that are involved in

normal mammary development. However, there are two specific genes that are found to play a

role in neoplastic transformation. The HER and erbB proteins, which are members of the

receptor tyrosine kinase family, are overexpressed in 25% of invasive breast cancer tumors (63).

This is due to the fact that overexpressed HER and erbB, especially HER2/erbB2, lead to gene

amplification which promotes cell proliferation and inhibits apoptosis (68).

The last two genes involved in breast carcinoma are tumor suppressor genes. The first is

p53 (63). p53, as stated previously, is a tumor suppressor gene that controls cell division and cell

death (69). p53 mutations are observed in 20-30% of breast carcinomas. Tumors that have p53

mutations are more likely to be invasive, poorly differentiated, high-grade breast tumors. p53

mutations are biomarkers for predicting cancer risk; p53 mutations can precede the development

of malignant tumors but indicate to doctors that cancer will become more aggressive. Inherited

p53 mutations that are present in Li-Fraumeni syndrome also increase the risk of breast cancer

development. Li-Fraumeni syndrome is characterized by a high rate of early-onset tumors such

as breast carcinoma. p53 mutations are seen in nearly 60% of families with this disease,

suggesting it is a key mutation involved in the development of carcinomas (63).  Finally, BRCA1

and BRCA2 are key genes involved in breast carcinoma development. While hereditary breast

carcinoma is rare, germline mutations in BRCA genes have been implicated in a high proportion

of cases. BRCA genes regulate DNA repair and gene transcription to maintain genomic integrity;
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women with a mutation in BRCA genes are 60 to 80% more likely to develop breast carcinoma

(63).

Triple-negative breast cancer is characterized by three of these mutations. They are

typically ER-negative, PR-negative, and have HER2 that is attenuated or not expressed. They are

typically the most aggressive of breast cancers and have a poor prognosis because there is a lack

of targeted therapies for these tumors (22). MDA-MB-231 (MDA), the breast cancer line used in

this study, is triple-negative breast cancer. It was derived from a metastatic mammary

adenocarcinoma from a 51-year-old caucasian female (70). The cell line has chromosomal cell

counts that are nearly triploid (possessing an extra set of chromosomes) and lacks chromosomes

N8 and N15 (31). MDA has mutations in p53, ER, PR, and HER2, as discussed above, as well as

a number of genes discussed further below (71).

Of the mutations that occur in MDA, there were 10 preferentially essential genes that

have the lowest mean subtracted score of the cell line. Like with the HeLa cell line, these genes

were the most essential in causing carcinogenic growth (74). The first was NAMPT, which

catalyzes the synthesis of NAD, which is known to mediate inflammation, a marker of cancerous

development (75). Next was the WDR73 gene, which, when reduced in expression, results in

abnormalities in the size and morphology of the nucleus, which is characteristic of cancerous

cells (76). SNRPB2 was also mutated and has been known to play a role in pre-mRNA splicing

(77). The UBIAD1 gene, which has been known to play a role in phospholipid metabolism, was

also mutated (78). Inefficient phospholipid metabolism in the cell can lead to misshapen

cancerous cells. The PELO gene was also mutated. This gene plays a role in cell cycle control

and cell division (79). Having a mutation in the PELO gene can lead to dysregulation of the cell

cycle and uncontrolled cellular division. The BRAT1 is a BRCA1 and ATM-associated gene.
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These genes work together to control the cell cycle checkpoints required for DNA damage repair

(80). Mutations in this gene lead to dysregulation of the cell cycle and potential replication of

mutations. The ADSS2 gene is involved in the conversion of inosine monophosphate to

adenosine monophosphate, which has been known to speed healing (81, 82) Having mutations in

this gene can lead to a lack of healing and errors in cells. The SLC4A7 gene is a transmembrane

protein that is known to transport sodium and bicarbonate to regulate intracellular pH (83). It is

often found to be downregulated in tumors. Mutations typically increase the risk of cancer,

especially breast cancer (84).  The RAB7A gene regulates vesicle traffic into endosomes and

lysosomes, and mutations result in a lack of waste degradation (85). Finally, the ELMO2 gene

functions in cell migration and apoptosis, and mutations lead to metastasis and cells evading

death (86).

Table 2: A list of the major genes mutated in MDA cells, their function, and how a mutation in
that gene can lead to cancerous growth.

Gene Function Mutation

NAMPT Catalyzes the synthesis of
NAD, a mediator of
inflammation

Increased inflammation

WDR73 Regulates the shape and
morphology of the nucleus

When reduced in expression,
results in abnormalities in the
size and morphology of the
nucleus

SNRPB2 pre-mRNA splicing Dysregulation of mRNA
splicing (improper removal of
introns)

UBIAD1 Phospholipid metabolism Build up of waste; improper
regulation of the cell
membrane; misshapen cells

PELO Controls cell cycle and cell
division

Dysregulation of cell cycle
(cells divide when they aren’t
supposed to) and cell division
(hyperplasia)
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BRAT1 Cell cycle control Dysregulation of cell cycle

ADSS2 Conversion of inosine
monophosphate to adenosine
monophosphate

Improper healing

SLC4A7 Transports sodium and
bicarbonate to regulate
intracellular pH

Unknown; often
downregulated in tumors

RAB7A Regulates vesicle traffic into
endosomes and lysosomes

Waste buildup

ELMO2 Cell migration and regulating
apoptosis

Metastasis, avoidance of
apoptosis

Methods

Materials

In this study, the breast cancer cell line used was MCF7. The line is a triple-negative cell

line. It was isolated from a 69-year-old female at the primary site (breast, mammary gland). The

cells are epithelial and come from a breast adenocarcinoma (31). The cervical cancer cell line

used was HeLa. HeLa cells were isolated from a 31-year-old African American woman. The

cells came from uterine and cervical tissue. They were epithelial and originated from a cervical

adenocarcinoma caused by HPV infection (32).

Cell Culture

Frozen HeLa and MCF7 cells were thawed by removing the vial from the -80℃ storage

freezer and placing the lower half of the vial in the 37℃ water bath. The cells thawed for 1-2

minutes. They were removed from their vial and diluted in media in a 50 mL centrifuge tube.

The cells were centrifuged to remove the remaining dimethyl sulfoxide (DMSO). The cells were

then placed in a labeled culture flask. In 10 mL of growth media, containing either EMEM or

DMEM/F-12 in a 50-50 split, the cells were pipetted into the culture flask. The cells were
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incubated at 37℃ and 5% CO2. Every two to three days, the old media was removed from the

flask, and 8 mL of new media was added to the flask.

When the cells were 80-90% confluent, they were split. First, the old media was removed

from the flask. Then, the cells were washed with 5 mL of Phosphate-buffered saline (PBS). Once

the PBS was removed, 3 mL of trypsin was added to the flask. The flasks were returned to the

incubator. Once all of the cells were detached from the flask (3 to 5 minutes), an equal amount of

media (3 mL) was added to the flask to deactivate the trypsin. This solution was then transferred

to a centrifuge tube. The cells were centrifuged at 2000 RPM for 8 minutes. Once the centrifuge

was completed, the supernatant was removed. The cells were vortexed to dislodge them from the

bottom of the tube. The cells were then pipetted out of the centrifuge tube and divided equally

between three flasks, completing the 1:3 split. The cells were refed with 8 mL of media and

returned to the incubator. This process was identical for both HeLa and MCF7 cells.

Cell Pellet Construction

To run the speed of sound and attenuation experiments, the cancer cells had to be made

into a cell pellet since in this form a reliable ultrasound can be performed. First, the cells had to

be counted. Once the cells were confluent enough (about 80-90%), they were detached from the

flask and counted. The old media was removed, and cells were washed with 5 mL PBS. The PBS

was then removed and 3.0 mL of trypsin was added to the cells. They were then incubated for

five minutes at 37℃ and 5% CO2. Once the cells were no longer attached to the flask, an equal

amount of media (3.0 mL) was added to the flask. The solution was removed from the flask and

placed in a centrifuge tube. A 100 µL sample was taken and added to an Eppendorf tube. 100 µL

of trypan blue was added, and they were mixed using the pipette. Next, about 10 µL of the

sample was added to the hemocytometer. The coverslip was sealed using a small amount of
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water, and the samples filled both wells of the hemocytometer. The number of live and dead cells

was counted under the microscope. The overall number of live and dead cells in the sample was

calculated in excel. This study aimed for a cell density of about 5 million cells/mL. This

information was necessary for constructing the cell pellet so that the cell density of the pellet was

known and could be recreated in every experiment.

There were two parts to the cell pellet: the holder and the cell pellet itself. The cell pellet

was constructed by cutting a centrifuge tube to create a hollow cylinder. Saran wrap was placed

on the bottom to close one side. To create the cell pellet, live cells were suspended in an agar

solution (Figure 5). The known number of viable cells in the centrifuge tube was centrifuged for

8 minutes at 2000 RPM. All but 1 mL of the supernatant was removed and then the cells were

resuspended in the media using a vortex. Then, 1 mL of agar was added to the cells in the

centrifuge tube. The agar and cells were transferred to the cell pellet holder and allowed to

harden. The top of the pellet was sealed with saran wrap and secured with rubber bands.

Figure 5: An image of a completed
cell pellet, including the agar sample,
holder, saran wrap, and elastics. The
pellet appears pink due to the color
of the media.
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Experiment

The speed of sound and attenuation are measured using a narrow band, through a

transmission experimental setup. There were two transducers that share the same center

frequency; one, the transmitter, sends the signal, and the other, the receiver, receives the signal.

There were three pairs of transducers used with different center frequencies; 5 MHz, 10 MHz,

and 15 MHz. Between the transducers was the cell pellet held inside a stand. The transducers are

lowered into a deionized water bath held at about 30℃. For some tests of the MDA cells, due to

temperature regulation issues, the temperature was as low as 23℃.

Figure 6: Set-up of the speed of sound and attenuation
experiment.

Before data collection could begin, it was necessary to ensure the surfaces of the

transducers were parallel to ensure they had the same center frequency. This was done by

adjusting the angles of the transducers and using the computer program, COSMOS, to move one

of the transducers in various directions. The alignment of the transducers was delineated by the

amplitude of the waveform on the oscilloscope. The higher the amplitude of the waveform, the



Hughes, 25

closer the transducers are to parallel. Once the amplitude was at its maximum, the transducers

were parallel, and the experiment could proceed.

For data collection, a waveform generator and an oscilloscope were used. A waveform

generator (Aligent 33500B) sent a signal frequency sine pulse over the bandwidth of the

transducers. Per cycle, it sent out 20 cycle bursts. The burst period was 10 ms. The waveform

signal was transformed into an ultrasonic pulse by the transducer. This pulse then passed through

the water, then the sample, and then the water again, to be received by the receiving transducer.

The receiving transducer recorded the signal on the oscilloscope. The pulse is received by the

second transducer which records it on an oscilloscope (Tectronix TDS 3014C). The peak-to-peak

amplitude and the time of arrival are measured for a water path only and then for the same path

but with the cell pellet.

Figure 7: Side view of the speed of sound and attenuation
experimental setup. The transmitting transducer is on the
left and the receiving transducer is on the right. The cords
attach them to the waveform generator and oscilloscope,
respectively. The sample and holder are not in the path of
the transducers because this represents a test of the speed of
sound and attenuation of the water only.
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Figure 8: Front view of the speed of sound and
attenuation experimental setup. The transmitting
transducer is closest. The sample is between the
transducer because this represents a test of the
speed of sound and attenuation of the cells. The
receiving transducer is behind the cell pellet and
holder.

For each transducer, three sets of data were taken at each frequency per pellet to reduce

random error and check for inconsistencies in the data. The 5 MHz transducers recorded data

from 2 MHz to 8 MHz in 1 MHz steps. The 10 MHz transducers recorded data from 7 MHz to

12 MHz. The 15 MHz transducers recorded data from 12 MHz to 18 MHz.

Calculations

To find the speed of sound, the time it takes from the sine pulse to reach the receiving

transducer with and without the same was measured. The difference between the two times is

used to calculate the speed of sound in the sample. Speed of sound is found using the equation:
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cs is the speed of sound of the sample, cw is the speed of sound of water, d is the width of the

sample, and Δt is the difference in time between the water only path and the path with the

sample.

To find the attenuation, the amplitude of the water-only path is compared to the amplitude

of the path with the sample inserted. The cell pellet is constructed using saran windows, so a

correction for the transmission coefficient of saran is included. The transmission coefficient is:
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where k2 is the wavenumber of the sine pulse, the thickness of the saran layer is l, Z2 is the

acoustic impedance of the saran, Z1 is the acoustic impedance of the water, and Z3 is the acoustic

impedance of the sample material. The attenuation coefficient in dB/cm can then be solved using

the general equation:

α =  20
𝑑 𝑙𝑜𝑔(

𝐴
𝑤

𝐴
𝑠

𝑇2)

where Aw is the amplitude measured for the water path and As is the amplitude measured with the

sample in the path.

Results

Concentration

Approximately 5 million cells were used per cell pellet, regardless of cell type. In

practice, the actual cell concentration was between 4.5 million and 5.5 million. The approximate

cell count was calculated in excel by multiplying the total live cells from the cell count by the

flask area and dilution factor of cells to agar. A summary of the cell count for the HeLa and
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MDA experiments are seen below in Tables 3 and 4, respectively. Except for experiment #1, all

of the HeLa experiments had a cell count within the ideal limit (Table 3). All of the MDA

experiments had cell counts within the ideal limit (Table 4).

Table 3: Cell concentration summary for the five HeLa cell experiments.
Experiment # Cell Count

1 6,780,000

2 5,150,000

3 5,413,333

4 5,316,666

5 5,320,000

Table 4: Cell concentration summary for the four MDA cell experiments.
Experiment # Cell Count

1 5,130,000

2 5,126,666

3 4,626,666

4 4,570,000

Speed of Sound

The average speed of sound for the HeLa cells was calculated by averaging all of the

results from each of the trials. Further, the average speed of sound of the HeLa cells was

1527.6±3.1 m/s, as summarized below in Table 5.

Table 5: A summary of the average speed of sound for each transducer and the average overall
speed of sound for the HeLa cell experiments.

Transducer (MHz) Average Speed of Sound (m/s)

5 1525.6±3.1
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10 1529.3±2.9

15 1528±3

Average 1527.6±3.1

The average speed of sound for the MDA cells was calculated in three ways. First, the

average result of all of the trials was found. Across all the trials, the average speed of sound was

1518.5±3.4 m/s. However, since the first two trials and the second two trials had such a

difference in temperature (23℃ vs. 30℃) an average speed of sound was also found for the

“cold” trials (23℃) and the “hot” trials (30℃). Further, the average speed of sound for the cold

trials was 1509.5±2.8 m/s and the average speed of sound for the hot trials was 1527.5±3.9 m/s.

All of these data are summarized below in Table 6.

Table 6: A summary of the average speed of sound for each transducer and the average overall
speed of sound for the MDA cell experiments; the first section, titled “All”, represents the
overall speed of sound, the second section, titled “Cold” represents the speed of sound for the
cold experiments, and the final section, titled “Hot” represents the speed of sound for the hot
experiments.

Temperature (℃) Transducer (MHz) Average Speed of Sound
(m/s)

All

5 1518.0±4.1

10 1516.5±2.9

15 1521.5±3.1

Average 1518.5±3.4

Cold

5 1509.7±3.7

10 1508±2

15 1510.9±2.6
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Average 1509.5±2.8

Hot

5 1526.2±4.5

10 1525.0±3.7

15 1531.4±3.6

Average 1527.5±3.9

Attenuation

The attenuation of the HeLa and MDA cells are graphed below in Figure 9. This figure

includes the average attenuation of the cells in a range of 2 to 18 MHz. Both the HeLa cells and

the MDA cells showed increasing attenuation with increasing frequency. The HeLa cells on

average had smaller attenuation than the MDA cells. However, the MDA cells had larger error at

high frequencies. A p-test of the data yielded 0.000501 at a significance level of 𝛼 = 0.05,

suggesting there is no difference in the data. Deviance calculations support this conclusion, but

the deviance increased as frequency increased, suggesting attenuation does increase with

frequency for MDA cells.
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Figure 9: A graph of the attenuation of the MDA cells and HeLa cells, with the MDA cells in
blue and the HeLa cells in red.

Table 5 is a table of direct comparison of the data. It summarizes the data from the entire

experiment. The average density of the cell pellets for HeLa and MDA cells are in the first

column; while they did vary, they were about within half a million of 5 million cells. The

average speed of sound was calculated above; comparison was made between the HeLa cells and

the hot MDA experiments to keep variables constant. Finally, the average attenuation coefficient

per frequency was calculated. This coefficient was much higher for MDA cells, suggesting MDA

cells have a higher attenuation response with a stronger frequency power dependence.
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Table 7: A table of direct comparison of all of the data. The average density was calculated using
the data in Tables 3 and 4 and taking the average of them. The average speed of sound was
found above in Tables 5 and 6. The attenuation coefficient was found by dividing the attenuation
at each frequency by that frequency and taking the average of that value.
Cell Type Average Density Speed of Sound, m/s Attenuation

Coefficient, dB/MHz

HeLa 5,595,999 1527.6±3.1 0.25±0.04

MDA 4,863,333 1527.5±3.9 0.5±0.2

Discussion

Speed of Sound - Analysis

As stated previously, the average speed of sound for all temperatures of the HeLa cells

was 1527.6±3.1 m/s. The average speed of sound for all temperatures for the MDA cells was

1518.5±3.4 m/s. However, variation in temperature for the MDA tests suggests that the speed of

sound is temperature dependent, as expected. At low temperatures, the average speed of sound

was 1509.5±2.8 m/s, but at high temperatures, the average speed of sound was 1527.5±3.9 m/s.

There is a large difference between these values and the error in the calculations does not rectify

them, showing that the speed of sound is temperature-dependent. Multiple studies have

previously exemplified the temperature dependence of the speed of sound in both water and

human tissue. Specifically, Kumar et al. determined that the speed of sound increases with

increasing temperature before reaching a thermal maximum at 75℃, and Bamber and Hill

determined that the speed of sound for non-fatty human tissues (such as cancerous masses)

increases with temperature and reaches a maximum at 50℃ (86. 87). Therefore, due to the

significant difference in the speed of sound data for the MDA cells at different temperatures and

the temperature dependence of the speed of sound in both water and tissue, the speed of sound
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for hot temperatures will be used to compare to HeLa cells since hot temperatures were used for

all of the HeLa tests.

Comparing the speed of sound of HeLa cells, 1527.6±3.1 m/s, and the speed of sound of

MDA cells at hot temperatures, 1527.5±3.9 m/s, one observes there is no difference in speed of

sound between the two cell types. While the difference in mutations discussed above would

suggest there would be a difference in the speed of sound between HeLa and MDA cells, there

are multiple reasons why this was not the case experimentally. First, since the speed of sound

typically relies on density, a lack of variation in the density of the cell pellets could explain the

similar speed of sounds. Although the concentration of cells varied between tests, it always

remained within the range of 5.0x109±109 cells, and the density of all of the cell pellets remained

similar in all of the tests (between 0.9 and 0.94 g/cm3). This could explain the lack of variation in

the speed of sound results for the different cancer types.

Molecularly, the lack of difference in the speed of sound between HeLa and MDA cells

could be due to the morphology of cancer cells. To metastasize, all epithelial cells must detach

from the original tumor and breach the basement membrane to invade neighboring tissues. The

cells typically acquire a spindle-shaped morphology and enhance migration (88). Both HeLa

cells and MDA cells originate from epithelial tumors, which means their initial stage of

metastasis was the same, even if the mutations acquired to get there were not the same. For

example, some of the mutations in HeLa cells that led to metastasis include the E6 protein

affecting paxillin, which leads to the rupture of the cytoskeleton and cellular invasion as well as

TNS2, which regulates invasion and metastasis. In MDA cells, the mutation of ELMO2 results in

metastasis. Therefore, although the mutations acquired leading to metastasis and therefore a

change in morphology of cells are not the same between MDA and HeLa cells, since they are
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both epithelial cells and the mechanism of metastasis is the same, it follows that they could have

similar morphology which leads to similar propagation of sound waves.

Further, although all types of cancerous cells typically have varying morphology, they

usually have similar mutations leading to aneuploidy, nuclear membrane irregularities, and

dysplasia (89). For example, in MDA cells, mutations in WDR73 and UBIAD1 result in abnormal

nuclei and membrane morphology. Therefore, the morphological features of different cancer

types are more similar than that of normal and malignant cells. This could explain why studies

such as the study performed by Doyle et al. have found a difference in the speed of sound in

normal and malignant cells and this study did not show differences in malignant cells.

Attenuation - Analysis

As seen in Figure 5, the HeLa cells on average had smaller attenuation than the MDA

cells. However, the error for both types of cells makes it impossible to conclusively determine

any difference. As stated previously, attenuation is the decay rate of a wave as it moves through a

material. The higher the attenuation is, the more distorted a wave becomes, suggesting that lower

attenuation means the wave was transmitted more effectively. Both relationships can be

examined physically and molecularly.

The smaller attenuation of the HeLa cells than the MDA cells, especially at higher

frequencies, suggests that the HeLa cells transmitted the wave more effectively than the MDA

cells. Since the distance between the transducers remained relatively similar between the trials,

the increase in attenuation seen in the MDA tests was likely due to interference. This could be

due to the characteristics of the MDA cells; it is possible mutations in the cell cause it to scatter

waves and absorb the energy differently. For example, as stated above, mutations in WDR73 and

UBIAD1 result in abnormal cell and nucleus morphology. This could make cancerous cells
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interact with sound waves more than the HeLa cells. Other potential explanations for the higher

attenuation of the MDA cells include clumps in the cell pellet, debris in the water, or, potentially,

underlying infection. Bacterial infection was common throughout the length of writing this

thesis; infection recurred multiple times over the course of the four months the experiments were

completed. This necessitated taking data with infected cells, which was not included in this thesis

but implied that the infection affected the results of the experiment. Although the MDA cells

appeared clear of infection at the time of testing, it is possible that an infection was present

which increased interference in the test and resulted in a higher attenuation.

Due to the large error in the MDA tests, it is possible that the attenuation did not vary

between the MDA and HeLa cells. This is supported by the results of the p-test and the deviation

calculations. This could be because, as stated previously, since these were both cancerous cell

lines and neither was non-cancerous, they had similar morphologies that lead to interference with

similar attenuation values. Both HeLa cells and MDA cells have mutations that lead to dysplasia,

rapid cell division, and metastasis. Specific mutations that lead to abnormal morphology in MDA

cells are loss of the ER receptor, loss of the RAR gene, overexpressed HER and erbB, and p53,

WDR73, UBIAD1, PELO, and BRAT1 mutations. Further, specific mutations that lead to

abnormal morphology in HeLa cells are E6 and E7 activation and CRNKL1, NOL7, GNRH1, and

DCTN6 mutations. As seen above, although these mutations are not identical, they either affect

similar pathways or have similar consequences that lead to the altered morphology of cancerous

cells. This altered morphology could result in interference that leads to similar attenuation values

among MDA and HeLa cells.

There is not enough evidence in this experiment to determine if there was a difference in

attenuation between MDA and HeLa cells. While the p-test and discrepancy calculations suggest
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there is no difference, the average attenuation coefficient per frequency suggests otherwise. The

average attenuation coefficient per frequency of HeLa cells was 0.25±0.04 dB/MHz, and the

average attenuation coefficient per frequency of the MDA cells was 0.5±0.2 dB/MHz. This

suggests the MDA cells transmit the waves more effectively than HeLa cells. Taken with the

discrepancy calculations, which increased at higher frequencies, it is possible that the MDA cells

do have higher attenuation responses at higher frequencies. However, further research must be

done to confirm this.

Future Research

Further research could be done to examine the results of this study, particularly in regard

to the attenuation results. The larger error bars in the MDA attenuation data were unavoidable

because of the unpredictable nature of the data, but time constraints prevented another data set

from being recorded. Taking further MDA data could help refine the data that were recorded to

decrease the error bars and prove if there is a difference in attenuation between MDA cells and

HeLa cells.

Physically, there are multiple other experiments that could be done as a follow-up to this

study. One could examine the speed of sound and attenuation data of other types of cancer to see

if they differ from cervical and breast cancer to determine if it is possible to distinguish between

cancer types via ultrasound. One could also examine other characteristics of these two cell lines,

such as backscatter, to see if other characteristics could be used to distinguish between them.

Backscatter coefficients could give further information about morphology differences by giving

information about scatter size. Biologically, it is also possible to design other experiments to

support the conclusions of this study. Specifically, one could examine some of the major proteins

expressed by the two cell lines to determine if the expression actually impacts morphology and
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explains why the results were similar. This could prove if the cells were actually morphologically

similar or if the mutations in the cells resulted in very different tumors and therefore the

similarities in the speed of sound and attenuation were due to other causes.

Conclusions

The results of this study show no measured difference in the tissue characteristics of the

speed of sound between MDA and HeLa cells, and further experiments are needed to determine

if there is a potential difference in the attenuation between MDA and HeLa cells. Therefore, this

study does not propose a definitive way to ultrasonically differentiate between breast and

cervical cancer cells. This could have been due to the density similarities in the cell pellets or

morphological similarities between cancerous cells due to the nature of cancer cells. Further

research should be done to validate the conclusions of this study, determine if other types of

cancer differ from breast and cervical cancer and can be diagnosed via ultrasound, and if the

proteins expressed in these cell lines resulted in cancerous morphologies that explain the

similarities or if the similarities are due to other reasons. The conclusions of this study and future

research that could be done as an extension would be particularly beneficial in helping diagnose

metastasized tumors. For example, if the original site of metastasis is unknown for a tumor,

developing a database of quantitative ultrasound characteristics for various cell types would

allow doctors to not just diagnose cancer, but also find the source of the cancer and treat it

accordingly.
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