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Abstract

Our project is a novel multistep radioimmunotherapeutic approach to be used as an
adjuvant treatment for ovarian cancer. The CA-125 antigen is located on the surface
of ovarian cancer cells. First, anti-CA125 monoclonal antibodies (Mabs) B43.13 and
B27.1 were purified and labeled with a long-armed biotin. Secondly. the free biotin
concentration was less than 10nM as determined by a sensitive ELISA and may not
significantly compromise the strategy of biotinylated liposome targeting. The biotin
transport mechanism was studied to understand the inhibition of transporting and the
potential non-specific binding of biotinylated liposomes. F inally. biotinylated
liposomes were prepared and a preliminary in vitro study was performed to
demonstrate the targeting of liposomes to ovarian cancer cells using confocal laser
scanning microscopy (CLSM). The results indicated that biotinylated liposomes
specifically bound to NIH OVCAR-3 human ovarian cancer cells via biotinylated

monoclonal antibodies and a streptavidin-biotin system.
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CHAPTER 1

LITERATURE REVIEW

1.1 CANCER

Cancer is the second leading fatal disease in America. second only to cardiovascular
disease (Goldsby RA et al., 2000). Every year. more than 6 million lives are lost
worldwide from cancer. which has a tremendous impact on society and human
beings. To date, more than 900 drugs have been developed in the world for various
cancer therapies. Although every year, many novel approaches are continuing to be
discovered. designing an effective and convincing clinical trial for cancer therapy is

a demanding task (Goldsby RA er al.. 2000; Berghammer P er al., 2001).

Many causes and mechanisms of cancer are still unknown. However. we know that
cancer cells arise from normal cells. Cancer cells multiply in an uncontrolled way.
resulting in a tumor. A benign tumor will not spread from the original site to other
parts of the body and is noncancerous. On the other hand. a malignant tumor is a
cancerous tumor. which can spread to surrounding tissue and even go further to the
whole body through the bloodstream or lymphatic system. resulting in the production
of metastatic tumors. Normally. the metastatic tumor will elevate the potential for

mortality and render cancer therapy more difficult (Pratt WB er al., 1994).

There are about 200 different kinds of cancer in different parts of the body. Almost
all the parts of the body (skin. tissue, organ. etc.) can develop cancer (Ayre SG er dl..
2000). We can directly classify cancers into organ-based categories with their names.

including lung cancer. breast cancer. ovarian cancer. prostate cancer. etc. On the



other hand, cancer can be classified into four major groups as shown below (Goldsby
RA et al.. 2000).

e Carcinomas are the most common types of cancer (80-90%) and arise from

the epithelial system, including skin, lungs. ovaries. and other organs.

e Sarcomas are found in the connective tissue. including bones. muscles.

fibrous tissues, and fat.

e Leukemias are the cancers of white blood cells in the bloodstream and bone

marrow.

» Lymphomas arise from the lymphatic system. such as the spleen and the

lymph nodes.

Many factors can trigger cancer. including cigarette smoking. unhealthy diet. sun
exposure. viruses and some chemicals. which normally disrupt the DNA or genetic
code of a cell. Some transformed cells are not dangerous immediately. while others
muitiply uncontrollably. resulting in a tumor (Pratt WB er al.. 1994: Ayre SG et dl..
2000). It may take years for a malignant tumor to produce clinically detectable
symptoms. Cancer is common in people above the age of 50. although young people

can also develop the disease (Ayre SG et al., 2000).

1.2 CANCER THERAPY

Since cancer cells develop from normal cells. the similarity between cancer cells and
normal cells can cause problems in cancer therapy and diagnosis in the early stages.
The other reason that causes problems :n cancer therapy is due to cancer invasion
and metastatic spreading. Metastatic cancer can increase the risk of mortality (Pratt
WB er al., 1994; Stockler M ez al., 2000). To date. early detection provides the best
chance for recovery from cancer, indicating that we should develop cancer therapy

and early cancer diagnosis together.

9



To date. surgery, radiotherapy, and chemotherapy play important roles in cancer
therapy. They have their advantages and limitations. These methods are often used

together to deal with the malignant tumors to increase therapeutic efficacy.

Surgery is used to remove the primary tumor while radiotherapy kills the cancer cells
with penetrating streams of photons. such as y-rays. Radiotherapy is often used
together with surgery to control the tumor growth and kill residual cancer cells after
surgery (Leibel SA er al., 1998). However. the side effects of radiation to the other
normal cells. especially to the blood producing cells in bone marrow. may result in
low levels of white blood cells and platelets (Leibel SA ef . 1998). Common side
effects in radiotherapy are nausea. fatigue. skin irritation. and hair loss (Leibel SA ¢f
al., 1998). Side effects of radiotherapy are dependent on the radiation dose. treatment
site and the disease that is treated (Russell NS er al.. 1999). Surgery and site-directed
radiotherapy are both local treatments, which fail to deal with distant metastatic

cancer (Russell NS er al., 1999).

Chemotherapy. using anticancer drugs in treatment. can deal with both local and
metastatic cancer. Most of the time chemotherapy is used with surgery. radiotherapy
or other kinds of therapeutic approaches instead of using it alone. It can shrink a
tumor before surgery or radiotherapy. which is called neo-adjuvant therapy.
Additionally. it can kill cancer cells that may remain after surgery or radiotherapy
(Tannock IF er al. 2001). Different anticancer drugs have their own anticancer
mechanism. Most anticancer drugs play a role in interfering with different stages of
cell division to kill cancer cells (Pratt WB et al.. 1994). Therefore. anticancer drugs
are most useful against rapidly dividing cells. however. they can also cause side
effects on the bone marrow and GI tract, since the stem cells in these organs have a
high cellular proliferation rate (Jeyakumar A et al.. 2001). Unfortunately. there are
many kinds of cancer cells. Some vigorously divide while others are dormant and
will vigorously divide later. The anticancer drugs can kill the vigorously dividing
cells but are less efficient in killing the dormant cells. which will vigorously divide

later and lead to recurrent problems (Pratt WB er al. 1994). Additionally. the most



common malignant tumors, including prostate, lung, and colon cancer. usually have
a low rate of dividing cells which makes them less susceptible to anticancer drugs

(Pratt WB er al.. 1994: Jeyakumar A er al.. 2001).

From the above description, we know that surgery. radiotherapy. and chemotherapy
are important approaches for current cancer therapy. However. much work on
improving current therapies and discovering new approaches are still required
because millions of lives are still lost due to this second leading killer. Many cancers
are found to be metastatic at the time of presentation and cannot be easily cured.
Furthermore. radiotherapy and chemotherapy can cause problems in bone marrow
and rapid dividing cells, resulting in low level of white blood cells and interference
of normal cell division (Leibel SA er al. 1998: Brian EH et al., 1994). In recent
years. more effort has been directed to the research related to the molecular
mechanisms of cancer therapy. Research has been done related to immunotherapy.
gene therapy. antisense oligonucleotides. cytokines. drug targeted delivery. growth
factor. angiogenesis inhibitors (drugs that block the nutrition of tumors) and tumor
vaccines (signal transduction inhibitors) (Brian EH er al. 1994). Many new
approaches and new drugs are discovered every year (Harrington KJ et al.. 2000:
Emest J er al, 2001). With the development of molecular biology and

biotechnology. we will know more about the mechanism of cancer development.

1.3 OVARIAN CANCER

Ovarian cancer is the second leading gynaecologic malignancy and the fourth
leading cause of cancer death in the United States (Parkin DM er al.. 1993).
Approximately 70% of women have already developed the advanced stage
malignancy at the time of diagnosis (Tenereillo MG e al.. 1995). This high mortality
rate is due to lack of symptoms in early stages and lack of effective screening tools.
Ovarian cancer has only vague clinical symptoms, even when it invades the upper
abdomen and develops towards an advanced stage. The CA125 serum test is used to

monitor ovarian cancer in high-risk groups and monitor disease progression in




therapy. However, this test has its limitations and many other diseases also
contribute to elevated CA125 levels, such as pregnancy. hepatitis and endometriosis
(Bast RC er al.. 1983: Nouwen EJ er al.. 1987). Improving diagnositic techniques to
detect early stages is critical to increase survival. because 5 years survival of early
stage is high up to 50-90%. while 5 year survival of advanced stages is only 15-20%

(Landis SH et al., 1999: Michaele C et al.. 1994).

The ovaries are composed of germ cells. stromal cells. and epithelial cells. Each of
these cell types can develop cancer. resulting in many different types of ovarian
cancer. To date. at least 10 different types of ovarian cancer have been discovered.
Among these. ovarian cancer in epithelial cells is the most common (Gershenson
DM er al.. 1998). Women have a 1.4% chance of getting ovarian cancer during their
life time. The risk will increase in high risk groups. including family history of breast
cancer. ovarian cancer and colon cancer. older women above age 50. and high

dietary fat.

Epithelial cancers begin on the surface of an ovary and then spread to the tissues
around the ovary. including the uterus. bladder. and peritoneum. Tumor cells in the
peritoneum may cause abdominal swelling, which is due to formation of ascites
fluid. Tumor cells can also spread to the lymphatic system and nodes around the
ovaries. Vascular spread is minimal and results in little distant spread rather than the
phenomenon of peritoneal carcinomatosis (McGinn KA er al., 1998). According to
the International Federation for Gynecology and Obstetrics (FIGO). ovarian cancer

can be classified in four stages as shown in Table 1.1.



Stage

Description

II

111

IV

Tumor limited to the ovaries

Tumor invades to pelvic extension

Tumor invades to pelvis. retroperitoneal nodes. small bowel. and

omentum.

Tumor forms to distant metastases.

Table 1.1 FIGO staging system for cancer of the ovary. Stage I can be further

subclassified into IA. IB and IC categories. Stage II can be further subclassified into

IIA, TIB. and IIC categories. Stage Il can be further subclassified into IIIA. I1IB. and
ITIIC categories (McGinn KA ef al., 1998).



In 2001. approximately 2,500 Canadian women will develop ovarian cancer and 60%
of these women will die as estimated in Canadian Cancer Statistics 200].
Approximately 27.000 women develop ovarian cancer every year and 14.000 women
die of this each year in the United States (McGinn KA er al.. 1998). The 5 vear
survival of early stage. Stage I and IL is as high as 50-90% while 5 year survival of
advanced stages. III and IV, is only 15-20% (Landis SH er al., 1999; Michaele C et
al.. 1994). High risk groups include those with a family history of breast cancer.
ovarian cancer. and colon cancer. as well as delayed pregnancy beyond age 30.
exposure to high levels of radiation. and high dietary fat (Parkin DM er al., 1993:
Gershenson DM er al.. 1998).

The traditional treatments. surgery, chemotherapy. and radiotherapy play important
roles in ovarian cancer treatment. Current regimens for advanced epithelial ovarian
cancer are surgical debulking, followed by chemotherapy with platinum and
paclitaxel (Taxol) as the first line therapy. Platinum is a conventional first line
chemotherapy drug while paclitaxel was approved by Food and Drug Administration
in 1992 (Michelle C er al.. 1994: Giorgio B er al.. 2001). The alternative first line
chemotherapy drugs are carboplatin and cisplatin (Roland PY er a/. 1998). If the
first line chemotherapy fails or patients experience recurrence after the first line
therapy. secondary/salvage treatment regimens will be considered. which include
topotecan (Hycamtin). doxorubicin (Doxil) (Hakes TB er al.. 1992: Kudelka A er al..
1996; Giorgio B et al. 2001) and intraperitoneally delivered radiolabeled

monoclonal antibodies (Alvarez R et al., 1997).

Due to low long-term survival (below 20%) with current treatments. numerous novel
therapeutic approaches for ovarian cancer have been studied by several investigators.
including immunotherapy (Hedda H er al, 1994; Han X er al., 1997), targeted
approaches (Harrington KJ et al, 2000; Emest J er al, 2001) and gene therapy
(Wang MH et al., 1998: Rosenfeld ME et al., 1995; Vivian E er al., 1998).



1.3.1 CA-125 Antigen

CAI25 (cancer antigen 125). an ovarian cancer associated antigen. is a high
molecular weight glycoprotein that is located on the surface of ovarian cancer cells
and is also shed into the blood and ascite (Bast RC er al.. 1983: O'Brien TJ er dl.,
1986). CA12S is a heterogeneous molecular mixture containing primarily O-linked
glycosylated chains and minor N-linked chains (Fendrick JL et al. 1993).
Electrophoresis on polyacrylamide gels without sodium dodecyl sulfate (SDS) shows
that the CA125 antigen has a molecular weight above 1MDa. Electrophoresis with
SDS under non-reducing conditions shows a subfraction at 200-250KDa (O Brien TJ
et al.. 1986; Masuho Y er al.. 1984; Matsuoka Y. 1987). The antigen is sensitive to
protein denaturing reagents. which result in the loss of binding activity. It was
discovered by Bast RC (Bast RC er al., 1981) and normally exists in the body in a
very low concentration (under 35U/mL) (David M et al.. 1998). CA125 has been
proposed as a screening tool to diagnose ovarian cancer. however. because CA125
levels can change during menstruation. pregnancy. hepatitis. and endometriosis (Bast
RC er al.. 1983: Nouwen EJ et al., 1987: Zurawski VR et al.. 1988). its presence is
not specific to ovarian cancer. Because no reliable screening tool is available for
ovarian cancer. serum CA125 levels are still used to test women who are in a high

risk category (Kenemans P ez al.. 1993; Tuxen MK ¢f al.. 1995).

1.4 RADIOIMMUNOTHERAPY

Radioimmunotherapy (RIT) involves the use of intact Mabs or their fragments to
selectively direct cytotoxic radionuclides or other effectors to the site of disease. This
therapeutic approach is particularly useful for cancer therapy because selectively
killing cancer cells without harming normal cells is the main challenge in cancer

therapy.

RIT was first used to treat melanoma with radioiodinated polyclonal antiserum in

1956 (Abrams G er al., 2000). The invention of monoclonal antibodies by Kohler



and Milstein in 1975 (Kohler and Milstein. 1975) held great promise for RIT because
of the high specificity and high affinity of the Mabs to tumor-associated antigens
(TAAs). Numerous tumor-associated antigens. growth factors. and altered
glycoproteins have been identified for Mab targeting (Jurcic JG er al., 1996). Various
Mabs labeled with different radionuclides, including "', *°Y and '*Re. have been
used for cancer therapy (Mach JP er al., 1981: Finkler NJ ef a/. 1989: Stewart JSW
et al., 1990: Meredith RF er al.. 1996: Nicholson S et al.. 1995). However. several
obstacles need to be overcome before this kind of approach can be successtully
realized. Targeted antigens may not be expressed on all the malignant cells. Antigen
size. density may be changed and antigens may be shed from the cell surface (Strand
SE et al., 1993). Approximately 20% accumulation in mouse tumor models and less
than 0.1% accumulation in human beings via intravenous injection are found in the
RIT targeting (Mann BD et al., 1984: Abrams G er al.. 2000). This low accumulation
in human beings is probably due to blood supply. a high interstitial pressure. poor
vascularization in the solid tumor, which cause problems in antigen accessibility.
Additionally, the HAMA (human antimouse antibody) response in human beings
result in compromised pharmacokinetic distribution. This low uptake. combined with
inappropriate accumulation in organs. such as the liver, spleen and bone marrow are

some of the main problems in RIT (McQuarrie SA er al., 2001).

Another problem occurs when murine antibodies are recognized as foreign proteins
and are rapidly cleared from bloodsteam by human antimouse antibodies (HAMA).
Approximately 40% of patients develop the HAMA response after a single injection
while this proportion increases up to 90% with repeated administrations (Dillman
RO et al., 1994: Khazaeli MB er al., 1994). Since single dose therapy generally
elicits no significant response in cancer therapy. the HAMA problem needs to be
overcome before RIT can be effectively used (Abrams G er al., 2000). To overcome

these delivery problems. various efforts have been made as described below.

¢ In order to increase tumor-to-normal tissue ratios. pre-targeting strategies

involving unlabeled Mabs and radiolabeled effector molecules have been studied.



First. the unlabeled Mabs are administered to achieve the maximum
accumulation in a tumor site expressing the antigen. Normally. it takes 1 day to
complete Mab accumulation at the tumor site and several days are required to
remove the residual Mab from the bloodsteam and other normal tissues
(Goodwin DA et al., 1997). After residual Mabs on the other normal tissues have
been removed. a radiolabeled effector. such as liposomes. are administered to
target the unlabeled Mab. The Mab should be retained on the surface of tumor
without shedding and internalization to facilitate the second targeting. The ideal
radiolabeled effector should have high selectivity to the tumor sites and high
affinity to unlabeled Mab. Through this pretargeting strategy. better tumor-to-
normal tissue ratios are expected. Several different types of pretargeting
strategies have been described. including Mab/hapten. Mab/biotin-avidin system.
BsMab. and Mab/oligonucleotide (Goodwin DA et al.. 1997). The Mab should
retain its immune specificity after modification and have high affinity to tumor
associated antigen without significant shedding or internalization. Additionally.
Mabs should have high affinity to the radiolabeled effector. Several studies
confirm enhanced tumor-to-normal tissue ratios using pretargeting agents in
multistep therapeutic approaches (Goodwin DA er al., 1988. 1997 Sung C et al..
1995; Paganelli G er al., 1990; Gestin JF et al., 2001).

In order to increase targeting and achieve better tumor-to-normal tissue ratios.
regional administration, including intraperitoneal administration and intrathecal
administration have been studied (Mezzanzanica D er al., 1991).

In order to reduce the HAMA response. Mab fragments. including Fab. F(ab’)-.
and single chain Fv (sFv) have been developed. Since the mouse Fc portion is the
main factor to trigger the HAMA response, Mab fragments that do not contain
mouse Fc portion are less immunogenic. However. Mab fragments are cleared
more rapidly from the plasma and may not accumulate sufficiently to the tumor
(Milenic DE er al., 1991; Schreiber GJ et al. 1995). Several biotechnological
engineering techniques have been studied to achieve chimeric and humanized
antibodies because these antibodies do not produce a HAMA response.

Mouse/human chimeric Mabs containing the human constant regions may be less
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immunogenic and retain antigenic recognition while fully humanized Mabs are
also being studied (Liu AY er al., 1987; Kashmiri SVS er al.. 1995: Dianne MF
et al., 1999).

To date, radioimmunotherapy is still at a preliminary stage and many challenges
remain in this approach. Radioimmunotherapy has been investigated to treat different
diseases, including lymphoma. leukemia. breast. ovarian. and lung cancer. There are
some encouraging results in treating lymphoma and leukemia, however there has
been limited success in treatment of solid tumors because antigen accessibility is
difficult (Abrams G er al., 2000). RIT for Hodgkin's lymphoma is near approval
(Abrams G et al.. 2000). The increasing volume of research data on RIT show a
potential for future cancer therapy (Gestin JF ef al.. 2001; Abrams G et al., 2000:
Chetanneau A er al., 1994; Breitz HB et al.. 1993).

1.4.1 Radioimmunotherapy in Ovarian Cancer

RIT has been investigated as a potential adjuvant therapy for ovarian cancer by
several investigators (Andersson H et al. 2001: McQuarrie SA er «l. 2001:
Markman M 1998: Malik J er al.. 1997). Numerous monoclonal antibodies labeled
with different radioisotopes. including '*'I. *°Y and '**Re have been intraperitoneally
injected to patients and clinical results were promising in dealing with early stage
ovarian cancer (Epenetos AA ef al., 1987; Finkler NJ er al.. 1989: Stewart JSW er
al., 1990).

Radionuclide Half-life Major emissions
Pl 8 days Beta, gamma
Ny 2.5 days Beta
"#6Re 3.5 days Beta. gamma

Table 1.2 Characteristic of radionuclides

11




Our project ulitilizes a novel multistep radioimmunotherapeutic approach to be used
as an adjuvant treatment for ovarian cancer. Bispecific monoclonal antibody
(BsMAb) with anti-CA125 and anti-biotin paratopes wi!l direct cytotoxic
radionuclides encapsulated in liposomes to the site of ovarian cancer. The BsMADb is
intraperitoneally administered to target ovarian cancer cells as a pretargeting agent.
At a later time. biotinylated liposomes containing cytotoxic radionuclides will be

directed to the anti-biotin binding sites of BsMAb. The schematic representation of

the strategy is shown in Figure 1.1.

Biotinylated long-circulating
liposome encapsulated with
radionuclide

Radionuclide

Biotin

PEG

BsMab with anti-biotin and anti-
CA125 paratopes

® CAI125 antigen on the surface of
ovarian cancer cells

Figure 1.1 A schematic representation of a biotinylated long-circulating

liposome target ovarian cancer cells via a bispecific monaclonal antibody



Many challenges still exist in this RIT approach. To overcome the low tumor-to-
normal tissue ratios. pretargeting strategies involving unlabeled Mabs and
radiolabeled molecules have been studied by several investigators (Goodwin DA er
al.. 1988. 1997: Sung C et al.. 1995: Paganelli G er al.. 1990). resulting in enhanced
tumor-to-normal tissue ratios. In our project. we propose to use a multistep protocol
to increase the radiation delivered to the cancer. while sparing normal tissue. The

rationale for this approach is described below.

Ovarian cancer is a disease with a poor prognosis. Approximately 70% of women
have already developed advanced stage malignancy at the time of diagnosis. The 3
year survival of advanced stage patients is only 15-20% (Landis SH et al.. 1999:
Michaele C et al.. 1994) with the current treatment. Therefore. it is important to find
a new therapeutic approach to treat these patients. Ovarian cancer cells remain in the
peritoneal cavity for most of the natural history of the disease (McGinn KA er al..
1998) and several studies suggest that intraperitoneal administration provides
optimum treatment for patients with ovarian carcinomatosis (Garrido MA et al..
1990; Mezzanzanica D er al.. 1991). Therefore. we propose to use intraperitoneal
administration to deal with ovarian cancer patients. Our approach can be used to treat
Stages L. II and III patients. This protocol is not intended for Stage IV patients that
have systemic metastatic cancer. However. since systemic spread is uncommon and
carcinomatosis is usually confined to the peritoneal cavity. our approach may benetfit
most patients, if successful. Furthermore, the i.p. route results in better
pharmacokinetic distribution and a greater tumor-to-normal ratio and low toxicity.
The majority of antibody accumulation is found on free-tloating cells in the ascites
(Klein JL et al., 1986; Abrams PG et al.. 2000). There is almost no Mab uptake in
tumor masses greater than 8 gram because of high interstitial pressures. less
lymphoid vessels, and poor vascularization (Jain RK 1990). The advantages of
treating micrometastases within the peritoneal cavity with intraperitoneal RIT are
high antibody accessibility, high antibody penetration, and high-energy beta particles
penetration (Jain RK 1990). The disadvantage of targeting to free-floating cells



expressing the CA125 may be avoided by tapping the ascitic fluid to facilitate the
antibody accumulation in the micrometastases (Abrams PG et al.. 2000).

Liposomes were selected to carry the cytotoxic radionuclides. '®Re. to the site of
disease. This delivery vehicle was chosen because liposomes can encapsulate more
radioactivity than Mabs that are typically used in RIT. resulting in an adequately
radiolabeled effector system. Intraperitoneal administration will also benefit
liposome targeting in ovarian cancer metastases. Liposomes with a diameter greater
than 110nm are retained in the pertioneal cavity for about 24hr (Nassander UK ef al..
1992). The Mab should remain on the surface of tumor without shedding and
internalization to facilitate the liposome targeting. Since our CA125/antibody
conjugate is slowly internalized by 12-24hr. and antibody shedding was happened
by 5-20hr (Xiao Z er al., 2001). the optimal time to deliver the biotinylated

liposomes may be 4hr.

1.5 MONOCLONAL ANTIBODIES

1.5.1 Production of Monoclonal Antibodies

A monoclonal antibody (Mab) may have high specificity and affinity to a particular
determinant on an antigen. In 1975. G. Kohler and C. Milstein first introduced a
revolutionary technique to produce Mabs (Kohler and Milstein. 1975). They used red
blood cells (rbc) from sheep as a source of antigen to immunize mice and then
obtained the anti-sheep rbc B cells that were harvested from the spleens of the mice.
Next. spleen cells and immortalized myeloma cells were fused to obtain a
hybridoma, which produces monoclonal antibody. The positive hybridoma that
produced the desired Mab was obtained through cloning and recloning techniques.
The discovery of the Mab was an important invention. which brought a great

potential in cancer diagnosis and cancer therapy.
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1.5.2 Structure and Function of Monoclonal Antibodies

A Mab is composed of four polypeptide chains. two identical heavy chains
(molecular weight 55,000-90,000) and two identical light chains (molecular weight
25,000). These four polypeptide chains form a Y-shaped structure as shown in

Figure 1.2.

Disulfide bonds

Hinge Region » Heavy Chain

Variable
region
—p  Light Chain

Constant region

Figure 1.2 The basic structure of an antibody



The two identical heavy chains and light chains are linked with disulfide bonds. The
amino terminal on the Fab outer portion is known to exhibit sequence variation and
is called the variable region. The carboxy terminal on the Fc portion remains fairly

consistent and is called the constant region.

The Fab (fragment of antigen binding) portions of the immunoglobulin contain
variable regions of amino acids. Its function is to bind the specific antigen. The Fc
(crystallizable fragment) portions of the immunoglobulin contain constant regions of
carbohydrate groups. Its normal function is to induce antibody-dependent cell-
mediated cytotoxicity (ADCC), complement-dependent cytotoxicity (CDC). antigen
aggregation. and precipitation. The Fc portions of the immunoglobulin are used to
classify antibodies. The five different classes of antibodies (IgG. IgA. IgD. IgE. IgM)
are different by unique amino acid sequences in the heavy chain constant regions.
The letter gamma. alpha. delta. epsilon and mu stand for them respectively. IgG and
[gA can be further classified as IgG1 to 4 and IgAl to 2. There are only two types of
light chains, kappa and lambda. The hinge region is a flexible area. which can
change the distance between the two antigen-binding sites and facilitate binding to
different agents. The Table 1.3 and Figure 1.2 provide additional information about
antibodies (Goldsby RA er al., 2000).

Ig G IgM IgA IgE IgD
“Heavy chains x e
Light chains K or A Kori Kori KOrA K or A
Subclasses 1.2.34 1.2 1.2 None None
MW (Da) 150,000 900,000 350.000 190.000 180.000

Table 1.3 Structure and classification of monoclonal antibodies
(Goldsby RA ez al., 2000)
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1.5.3 Applications of Monoclonal Antibodies

Monoclonal antibodies have been extensively used in immunoassay and diagnosis of
diseases (Bodey B er al., 1996; Divgi CR er al. 1996). Mabs are used in many
ELISA techniques to determine the level of antigens, including viral and bacterial
antigens (Winkelstein A et al., 1997). Additionally. Mabs have been used to monitor
normal components in human serum (Rose N et al., 1997). Mabs can also be coupled
to an affinity column to purify desired molecules and cells. For example. anti-CD34
Mab was used to harvest CD34 stem cells. resulting in purification of CD34 stem
cell to reconstitute the hematopoietic stem cells of cancer patients (Goldsby RA ¢r
al, 2000). Fluorescently labeled Mabs are used in confocal laser scanning
microscopy (CLSM) and fluorescence activated cell sorter (FACS) techniques
(Goldsby RA er al., 2000).

The clinical uses of Mabs are still in the beginning stages. Radiolabeled Mabs are
used to target disease and are visualized using a gamma camera in a technique
known as radioimmunoimaging. When used in radioimmunotherapy. Mabs labeled
with appropriate radionuclides can direct cytotoxic radiation to the cancer (Stewart
JSW et al., 1990; Nicholson S er a!. 1995). Additionally. Mabs can be used as a
pretargeting agent to target the disease. followed by attracting anticancer drugs or
cytotoxic radionuclides to the tumor sites (Goodwin DA et al.. 1997: Gestin JF et al..
2001). For example. Mabs OKB7. LLB, IF5. and C2B8 have been used in clinical
trials to treat Non-Hodgkin's lymphoma ( Scheinberg DA er al.. 1990: Abrams PG er
al., 2000).

1.5.4 Anti-CA125 Monoclonal Antibodies B43.13 and B27.1
A total of 26 monoclonal antibodies against CA125 have been studied (Nustad K er
al., 1996). CA125 has three main antigenic domains. one is OC125-like (group A).

the other two are M11-like (group B) and OV 197-like (group C). The OCI125-like

domain has four subgroups, with different binding specificities. Mabs B43.13 and
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B27.1 are mouse IgG1 anti-CA125 monoclonal antibodies, which we used in our
project. Mab B43.13 belongs to the A3 subgroup and Mab B27.1 belongs to the A4
subgroup.

Monoclonal antibodies B43.13 and B27.1 were developed by Biomira Inc. and have
affinities of 10° M™' for CA125 (Capstick V er al., 1991: McQuarrie SA er al., 1998).
The affinity of Mab B27.1 is 1.6 times higher than the affinity of Mab B43.13
(Nustad K et al,, 1996). The hybridoma was produced by immunization of a mouse
with CA125 antigen to obtain antibody-producing mouse spleen cells. Afier fusing
these spleen cells with malignant myeloma cells. the mixture was transferred to HAT
(Hypoxanthine. Aminopterin and Thymidine) selective medium or a FACS
(fluorescence activated cell sorter) to select the appropriate hybridoma. Cloning and
recloning techniques were used to select the positive clones with good antibody
characteristics. ELISA and SDS-PAGE were used to evaluate the Mabs’ specificity

and purity.

L.5.5 Bispecific Monoclonal Antibodies

Although bispecific monoclonal antibodies (BsMab) were not used in my work. they
will be briefly reviewed as they are one of the keys of the overall project. BsMabs
have two different antigen binding paratopes capable of binding two different

antigens. They can be produced by three ways:

® Chemical cross-linking of two antibodies (Dijk J er al.. 1989: Perez P er al.
1986).

¢ Fusion of two hybridomas or fusion of hybrid cells with spleen cells to obtain a
quadroma or trioma (Milstein C et al., 1984; Lanzavecchia A e dl.. 1987).

* Genetic engineering technology (Shalaby MR e/ al., 1992).

The two antigen binding sites of the BsMab lend it to applications in immunoassay

and in in vitro targeting (Milstein ef al., 1983; Suresh MR e al.. 1986). Several
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studies relating their uses in ovarian cancer have been documented (Mezzanzanica D
et al., 1988: Kriangkum J er al., 2000: Pupa SM er al.. 1988: Moller SA er al.. 1991).
For example, Mezzanzanica er al. used BsMabs to direct lysis of ovarian carcinoma
by activated human cytotoxic T lymphocytes and Fc receptor-mediated lysis. Their

results were promising.

1.6 LIPOSOMES

Liposomes were introduced by Alec Bangham in 1965 (Bangham AD er al.. 19653).
Phospholipids were put in an aqueous solution and spontaneously formed spherical
vesicles named liposomes. The Figure 1.3 shows the structure of a liposome and a
phospholipid molecule. Phospholipids are composed of one hydrophilic head and
two hydrophobic tails. When dispersed in water. the phospholipid molecules are
arranged in a sphere. where heads join together on the outside while tails join
together on the inside. The major forces that form a stable bilayer are hydrophobic
interactions. van der Waals" forces and hydrogen bonding. Thus. liposomes consist
of one or more lipid bilayers that encapsulate an aqueous interior. As is commonly
known. the basic structure of a biomembrane is the phospholipid bilayer. Thus.
liposomes mimic the biomembrane. resulting in its initial use as a model for
biological membranes (Kinsky er al.. 1977). The first liposome product appeared on
the market in 1986 as a skin cosmetic product and liposomes were used successtully
in cosmetic formulations for some years (Mayhew E er al., 1984: Egbaria K et al.,
1991). Since then. researchers realized the importance of liposomes and their
enormous potential as a drug delivery system. Liposomes have four ways to deliver
their contents. including endocytosis. fusion with the cell membrane., lipid exchange
with the cell membrane, and adsorption due to their special phospholipid bilayer
structure. To date. more than one hundred different liposomal formulations have
been found. Among these, the most important application of liposomes is as a
controlled drug delivery for cancer therapy and gene therapy (Allen TM er al., 1993;
Kim S 1993; Cullis, PR e al., 1989; Ostro MJ et al., 1989; Lasic DD 1992).
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1.6.1 Advantages of Liposomes

The first liposomes were prepared by putting phospholipids in an aqueous solution.
which then spontaneously formed spherical vesicles (Bangham AD er al., 1963).
Liposomes consist of one or more lipid bilayers, and are a promising drug delivery
system. Liposomes are prepared from natural phospholipids. thus are biodegradable.
non toxic. and non immunogenic (Gregoriadis G er al. 1993: Kim S 1994).
Liposomes have different sizes. compositions. charges. and lamellarity according to
the method of preparation (Olson F et al., 1979: Szoka F et al., 1980; Gruner SM er
al., 1985). This flexibility makes them a promising controlled delivery system to
carry many different kinds of compounds. including anticancer drugs. peptides. and
DNA. Liposomes can encapsulate both water-soluble and water-insoluble drugs
because of their structure (Talsma H et al. 1992). Water-soluble drugs are
encapsulated in the aqueous interior while water-insoluble drugs are encapsulated in

the lipid bilayer.

In addition to liposomes affecting the pharmacokinetics and the biodistribution of
encapsulated drugs. their own half-life in circulation can be increased by PEGylation
(Juliano RL er al., 1978; Allen TM er al, 1991: Webb MS et dl. 1995).
Conventional liposomes without polyethylene glycol (PEG) are easily taken up by
the reticuloendothelial system (RES) while the PEGylated liposomes. named “stealth

liposomes™. can avoid RES uptake and have a long circulating half-life.

Liposomes can provide passive targeting to tumour sites through extravasation from
leaky vasculature (Leserman L et al.. 1990: Dewhirst MW er al., 1989: Gabizona A
et al, 1988). When conjugated with antibodies, liposomes can provide active
targeting to specific antigen binding sites (Zigterman GJ er al.. 1987: Matthay KK er
al., 1984; Wolff B er al.. 1984). Therefore. liposomes can accumulate in specific
disease sites and increase therapeutic efficacy. Through their specific targeting
ability, liposomes can reduce the toxicity of encapsulated drugs, especially for

antimicrobial, antiviral, and anticancer drugs (Juliano RL er al., 1978; Forssen EA et



al., 1981; van Hoesel er al. 1984). In addition. liposomes increase the stability of
encapsulated drugs. especially for peptides and DNA used in gene therapy (Fleisher
Der al. 1995; Shek PN et al., 1986).

1.6.2 Different Types of Liposomes and Their Applications

Liposomes consist of multilamellar vesicles (MLV. more than one lipid bilayer) and
unilamellar vesicles (ULV. only one lipid bilayer). ULV are further subclassified as
small unilamellar vesicles (SUV. diameter less than 100nm) and large unilamellar
vesicles (LUV, diameter great than 100nm) (Rongen H er al., 1997: Hope MJ et dl..
1985). There are many different types of liposomes based on different compositions.
The main types are conventional and special liposomes. Conventional liposomes are
made of phospholipids. cholesterol, and charged lipids. On the basis of conventional
liposomes. many kinds of special liposomes are made. For example. stealth
liposomes containing polyethylene glycol (PEG) are used to avoid clearance by
macrophages and the reticuloendothelial system (RES) (Allen TM er af. 1987
Holland JW er al., 1996). thus increasing their circulation time in the bloodsteam.
Biotinylated liposomes containing biotinylated phospholipid components are used in
immunoassay and in in vitro targeting studies (Bayer EA et al., 1979: Hashimoto K
et al., 1986). Immunoliposomes coupled with antibodies are used in cancer therapy
(Zigterman GJ et al., 1987: Matthay KK er al., 1984: Wolff B er al.. 1984) and
cationic liposomes are used in gene therapy (Stamatos L er al., 1988: Behr JP e al..
1989; Felgner JH er al., 1994). For example, Liposomes coupled with Fab" fragment
against the OA3 antigen is used to target the ovarian cancer and liposomes coupled
with anti-CD19 Mab is used to target a human B lymphoma (Gregoriadis G ¢r dl..
1998).

Different types of liposomes have their own specific targeting ability to different cell
lines in vivo and in vitro (Jan AA er al., 1999). Liposomes coupled with Mab have
been extensively used in vitro and in vivo (Ahmad I er al., 1992; Ahmad I et al.

1993). Various endogenous ligands, like biotin, folate, transferrin, growth factor



receptors etc. have been coupled to liposomes for targeting specific cells. including
peptides, protein, carbohydrates, and growth factors on their surface (Allen TM er
al., 1998; Hofland H er al., 1995: Vingerhoeds MH et al., 1994).

1.7 BIOTIN-AVIDIN/STREPTAVIDIN SYSTEM

1.7.1 Biotin

The D-isomer of biotin (Figure 1.4) is a small. hydrophobic molecule with a
molecular weight of 244.31 Dalton. It exists in every living cell. blood. and tissue in
low concentration (0.5nM—10nM) (Guilarte TR ef al.. 1985: Mock DM et al., 1992,
1996). Liver. kidney. pancreas. and cancerous tumours have a higher biotin content
than other tissues (Krieg PA er al.. 1987: Merck Index 1989). Biotin is also known as
vitamin H and coenzyme R. It functions as an essential cofactor for four
carboxylases (acetyl-CoA carboxylase. pyruvate carboxylase, methylcrotonyl-CoA
carboxylase. propionyl-CoA carboxylase) that catalvze metabolic reactions. Thus.
biotin plays a very important role in the formation and metabolism of fatty acids.
glucose. leucine. amino acids. and cholesterol (Zempleni J er al.. 1999). Biotin is
required by all living cells to maintain basic physiological functions. but can only be
synthesized by bacteria. yeasts. algae. and some plants (Mock DM er al.. 1996).
Humans have to obtain biotin from the diet. Otherwise. they will develop biotin
deficiency symptoms. including hair loss and depression. Biotin deficiency is very
rare. Normally 30 mg of biotin per day is enough for a human being. Biotin is found
in many kinds of foods. Normally. egg yolks and liver are rich sources of biotin
(Mock DM 1999; Baumgartner ER et al., 1999; Bonjour JP 1991)
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Figure 1.4 Structure of D-biotin (MW 244.31 Dalton)
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1.7.2 Avidin

Avidin was originally isolated from a hen’s egg-white. It has an isoelectric point (pl)
of approximately 10 (Woolley DW er al., 1942: Green NM 1975 ) and has a
molecular weight of about 68,000 Dalton (Dayhoff MO 1972). Avidin is a tetrameric
glycoprotein composed of four identical subunits. which have the capability to bind
biotin. The oligosaccharide on each subunit is an important characteristic of avidin
where asparagine-17 is glycosylated (Delange RJ er al., 1971). Due to its positive
charge and carbohydrate characteristics. avidin can nonspecifically bind to charged

molecules. membrane sugar receptors. and result in background problems.
1.7.3 Streptavidin

Streptavidin. the bacterial analog of avidin. is a 60.000 Dalton. tetrameric protein
isolated from streptomyces avidinii (Chaiet L et al., 1963). It is similar to avidin and
consists of four identical subunits that bind biotin. However. streptavidin is non-
glycosylated and nearly neutral protein (pH about 5-6). resulting in reduced
nonspecific binding to charged molecules and membrane sugar receptors. Therefore.
streptavidin is a popular interchangeable reagent for avidin in many applications.
such as localization of antigens on the surface of the cells. and confocal microscope
image analysis (Wilchek M er al.. 1988: Meier T et al., 1996).

1.7.4 Biotin-Avidin/Streptavidin System and Its Application

The biotin-avidin system is used as a widespread noncovalent biological binding
system between a protein and a ligand. Biotin has an extremely strong binding
affinity to avidin (Kg=1.3 x 10" M at pH 5) (Green NM 1963). The bicyclic ring of
biotin slides inside the avidin binding pocket while the carboxyl group on the valeric
acid side chain of biotin is not involved in this interaction between biotin and avidin
(Mattaj IW 1993; Lain S et al., 1991). The high affinity between biotin and avidin is
probably due to the network of hydrogen bonding, proper hydrophobic residues. and
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an elegant binding pocket (Wei R er al.. 1964: Weber et al., 1992: Freitag S er al..
1997).

Biotin can react with avidin very quickly with the association constant 7x10” M™'S™.
The biotin-avidin complex is extremely resistant to many types of denaturing agents
and extreme conditions, including wide pH 2-13 range. temperature up to 132°C.
and organic solvents (Donovan JW er al.. 1973: Ross SE et al. 1986). Theretore. the
biotin-avidin system is very popular in biological research to cross-link two
biotinylated molecules. lts extremely high affinity makes it a valuable tool in affinity
chromatography. immunoblotting. ELISA. localization of antigens on cells and
tissues. confocal microscope image analysis. flow cytometry. and genetic mapping
(Berger M er al., 1975: Wilchek M er al., 1988: Wilchek M et al.. 1990: Armstrong
Rer al, 1990).

Many advantages exist in the application of the biotin-avidin system. including

* The bond formation is fast between biotin and avidin while the affinity is the
strongest known noncovalent biological binding.

* It can increase sensitivity in enzyme or fluorescent immunoassays because of
four binding sites.

* Avidin is easily covalently linked to different ligands. including fluorochromes
and enzymes. These conjugated agents are readily available from many
commercial suppliers.

* Biotinylated reagents are also readily available from many commercial suppliers.
Biotinylation procedures are relatively simple and inexpensive. When used under
gentle conditions, they can preserve the biological activity of the associated

protein.



1.8 HYPOTHESES AND OBJECTIVES

This thesis describes some preliminary results for this project. including the in vitro
targeting ability of liposomes to ovarian cancer. Since the BsMab remains under
development. a biotinylated anti-CA125 Mab was first used to target the ovarian
cancer cells. followed by attracting biotinylated liposomes to the ovarian cancer
cells. The biotin-streptavidin system was used to connect these two biotinylated
agents. As a pretargeting step, biotinylated anti-CA125 monoclonal antibody was
incubated with ovarian cancer cells. Mab targeting was monitored with FITC ( green)
labeled streptavidin bound to the biotinylated Mab. Next. biotinvlated long-
circulating liposomes encapsulated with sulforhodamine B (red dye) was added. The
red dye was used to monitor the binding localization of the liposomes and was used
as a surrogate for radionuclides. Confocal laser scanning microscopy was used to
monitor in vitro targeting. The schematic representation of this in vitro targeting is

shown in Figure 1.5.

On the basis of the above discussion. the following hypotheses were tested in this

thesis:

* Biotinylated anti-CA125 monoclonal antibody can specifically target ovarian
cancer cells with CA125 antigen on its surface.

¢ Through the biotin-streptavidin system. biotinylated anti-CA125 monoclonal
antibody can direct biotinylated liposomes to specifically bind to ovarian cancer
cells.

* Exogenous biotin in mouse ascites will not inhibit the pertargeting strategy.

To test the above hypotheses. we prepared purified biotinylated anti-CA125 Mabs
and biotinylated liposomes. We also need to know whether or not exogenous biotin
inhibits this targeting. The following detailed objectives were completed in this

thesis.



Anti-CA125 monoclonal antibodies B43.13 and B27.1 were obtained from the
growth of the appropriate hybridomas and were purified using a Protein G
column.

Purified Mab B43.13 and B27.1 were labeled with a long-armed biotin and their
characteristics were confirmed using HABA assay. ELISA. and CLSM
techniques.

A sensitive ELISA was developed to determine biotin concentration in mouse
ascites for the future in vivo application.

The biotin transport mechanism in ovarian cancer cells was studied to understand
the exogenous biotin inhibition of targeting and nonspecific binding.

Biotinylated long circulating liposomes containing sulforhodamine B were
prepared using a commercial extruder.

Preliminary in vitro targeting ability of liposomes to ovarian cancer cells was

studied using CLSM.

The following chapters discuss these hypotheses and objectives in detail.
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Figure 1.5 A schematic representation of a biotinylated long-circulating

liposome target ovarian cancer cells via biotinylated monoclonal antibody



CHAPTER 2

PRODUCTION AND PURIFICATION OF
BIOTINYLATED MAB B43.13 AND B27.1

2.1 INTRODUCTION

Biotinylated Mab was used as a pretargeting agent in our in vitro targeting study.
Therefore. this chapter describes the production and purification of biotinylated anti-
CA125 monoclonal antibodies (Mabs) B43.13 and B27.1. The Mabs B43.13 and
B27.1 were obtained from the growth of the appropriate hybridomas using RPMI-
1640 medium containing 8% fetal bovine serum (FBS). The antibodies were
harvested and purified using a Protein G column. A modified ELISA technique was
used to evaluate the specificity and the relative affinity of the Mabs. An SDS-PAGE
technique was used to determine the purity of the Mabs. Purified Mabs B43.13 and
B27.1 were labeled with a long-armed biotin and their characteristics were evaluated
using HABA assay, ELISA, and confocal laser scanning microscopy (CLSM)

techniques.
2.1.1 Tissue Culture

RPMI-1640 medium was developed by Moore GE and coworkers. and has a wide
application for many types of cell lines (Moore GE et al., 1967, 1976). Sterile

conditions were employed and cells were grown in an incubator at 37°C, 5% carbon
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dioxide with 100% humidity. To obtain enough quantity of antibodies. the cells were

grown to a sufficient density prior to harvest.

2.1.2 Purification Techniques

There are many different ways to purify monoclonal antibodies as described by Voet
and Coligan (Voet D er al, 1999; Coligan JE er al, 1998). The purification
procedure should be performed under mild conditions (near pH 7) to retain Mab
activity because the Mab is easily destroyed by strong acid (pH 2). strong base (pH
12) or high temperature conditions (above 50°C). Differential salt concentrations.
solvents. temperature. and pH can be used to precipitate the antibodies as a first step.
followed by differential chromatography to further purify to obtain relatively pure
Mabs. Many commercial columns are available and their principles are described

below.

¢ Affinity chromatography is an adsorption method of separation (Voet D er al..
1999). The immobilized ligands are coupled to a colunm’s matrix and will only
bind to a specific antibody. Other proteins will remain unbound and are eluted.
The antibody is eluted with 0.1 M glycine. which is removed by dialysis in an
appropriated buffer.

e Gel filtration chromatography is also called size-exclusion chromatography
(Voet D er al.. 1999). The column is packed with a hydrophilic polymeric gel
with many pores that is formed from cross-linked dextran beads. It is useful to
separate different sizes of the antibodies and antibody fragments. Small size
molecules will diffuse into the gel pores and pass through the column slowly.
The large molecules, which do not diffuse into the pores. will elute quickly.

e lon exchange chromatography is used for protein purification as the most
common technique because of its high capacity (Voet D er al., 1999). The ion
exchange column temporarily binds chloride and sodium ions. When the protein

sample passes through the column, the desired protein will displace the ions and



bind to the column. Later, an elution buffer is used to release desired protein to
yield a relatively pure product.

¢ Ultrafiltration is another method for protein purification. Different membranes
are used to separate different size proteins (Voet D er al.. 1999; Coligan JE et al..
1998).

A Protein G column (affinity chromatography) was used in our project to purify the
Mabs B43.13 and B27.1. HiTrap® Protein G column (Sepharose HP ImL) was
purchased from Sigma, St. Louis, MO. The column matrix is originally made from
the Type G Streptococci. which can specifically bind to the Fc portion of the
immunoglobulin G (IgG). The protein G column binds only to the Fc receptor and
does not bind to an albumin or a Fab receptor binding site. Approximately 20%
ethanol is commonly used to store the column to avoid bacterial growth. 0.02%

sodium azide or 0.02% thimerosal may be used if necessary.

2.1.3 ELISA and Affinity Study

Enzyme-linked immunosorbent assay (ELISA) is a standard analytical technique to
quantify the antigens and antibodies with high sensitivity and high specificity. There
are many different kinds of ELISA techniques. The most commonly used techniques
are indirect ELISA. sandwich ELISA. and residual titration ELISA (Goldsby RA ¢
al, 2000). The methods summarized below were obtained from Coligan er al.

(Coligan JE et al., 1998).

® Indirect ELISA is used to detect specific antibodies. The microtiter plate is
coated with an antigen, followed by addition of a specific antibody. After
washing away the first antibody, the second antibody conjugated with an enzyme
is added to develop a color, whose intensity is proportional to the amount of the
test antibody in solution.

® Sandwich ELISA is the most useful to detect soluble antigens because it has high

sensitivity (2-5 times) compared to direct ELISA. The plate is coated with the
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purified antibody and is then incubated with a solution containing its antigen.
After washing away the unbound antigen, the second antibody conjugated with
an enzyme that reacts with the same antigen is added for the second incubation.
Finally, the substrate is added to develop a color. whose intensity is proportional
to the amount of the antigen.

® The residual titration ELISA is also called competitive indirect ELISA. An
antibody is incubated with an antigen and then this mixture is transferred to an
antigen pre-coated ELISA plate for a second incubation. The residual antibody.
which is not bound in the first incubation, will bind to the ELISA plate. Afer
washing away the unbound reagent. the second antibody conjugated with an
enzyme is added to develop a color. whose intensity is inversely proportional

with the antigen in the original sample.

The antibody-antigen binding equation is a reversible reaction as shown below.
K1
Ag+Ab —_———® AgAb
K2
Where:
K1/K2 = Ka =1/Kd = Affinity
Ka = association rate constant

Kd = dissociation rate constant

Determination of the affinity of antibodies requires the measurement to be made at
molar equilibrium. Numerous methods have been studied to measure the affinity of
antibodies. including equilibrium dialysis. electrophoresis, radioimmunoassay. and
ELISA (Heegaard NHH er al., 1991; Friguet B et al., 1985; Nimmo GR et ul., 1984).
Equilibrium dialysis is a commonly accepted technique to determine the affinity of
antibodies. The antibody and radiolabeled antigen are separated into two chambers
by a semi-permeable membrane. which only allows the movement of unbound
antigen, not the antigen-antibody complex. At equilibrium, the bound antigen and

unbound antigen can be determined by counting radioactivity in two chambers and



the affinity can be calculated using a Scatchard equation (Scatchard G 1949: Steward
MW et al., 1985). The plot of bound/free antigen against bound antigen is linear. in
which affinity can be calculated from the slope that is equal to —Ka. The major
drawback of the equilibrium dialysis is that it is not useful for macromolecular

antigens.

ELISA is a popular technique for affinity measurements because of its ease and
simplicity. Many different ELISA methods of affinity measurements have been
studied by several investigators (Friguet B er al.. 1985: Beatty JD er al.. 1987: Li CK
1985: Nimmo GR er al.. 1984). Variable antigen concentrations are used to react
with constant antibody concentrations until an equilibrium is reached. At a later time.

the unbound antibody is transferred to a pre-coated ELISA plate to be measured.

2.1.4 SDS-PAGE

Polyacrylamide gel electrophoresis (PAGE) is a widely used technique for analyzing
protein. It is a rapid and sensitive method to characterize a protein’s size and charge.
Without sodium dodecyl sulphate (SDS). the gel is referred to as an undenaturing
gel. which is used to resolve natural proteins. With SDS. the gel is a denaturing gel.
SDS is a negatively charged ionic detergent. which is used to denature the 3D
structure of the antibody and to bind tightly to the antibody. Whereas the reducing
agent (2-mercaptoethanol or dithiothreitol) is used to reduce disulfide bonds of the
antibody. resulting in obtaining individual heavy and light chains. When this mixture
is added to a polyacrylamide gel matrix. the protein-SDS that has a constant negative
net charge per mass migrates toward the anode under an electric field. The heavy and
light chains are separated by their molecular sizes because the different sized
proteins move at different speeds in the gel. Alternatively, both the charge and the
size information of the proteins can be determined using a two-dimensional gel
electrophoresis technique. Two-dimensional gels are superior to separate protein and
determine protein purity to one-dimensional gels (Coligan JE er al., 1998: Goldsby
RA et al., 2000).



TEMED (N.N.N.N-tetramethylenediamine) and ammonium persulphate are used as
an initiator and a catalyst respectively in the SDS-PAGE technique. In the presence
of an initiator and a catalyst. the polyacrylamide gels are formed by polymerizing
acrylamide with a cross-linking agent (bis acrylamide) (Goldsby RA er al.. 2000:
Goers J ef al., 1993). Since oxidizing agents, such as O, inhibit polymerization of
polyacrylamide. butanol saturated water is used to cover the gel to separate the gel
from the air. In addition. the gel solution is degassed before polymerization to avoid
producing bubbles in the gel. The speed of gel formation is controlled by varying the
concentration of TEMED and ammonium persulphate. The pore size of the gel is
controlled by varying the concentration of acrylamide monomer and cross-linking
agent. 5-15% separating gel (Total concentration of acrylamide monomer and bis-
acrylamide) is used for most of the protein separation. The higher concentrations
result in smaller pore sizes to separate small molecular weight proteins. The stacking
gel has different buffer ions from the reservoir buffer and has a few large pore sizes.
which provides a sample band before the sample reaches the separating gel. resulting
in better resolution (Goldsby RA et al.. 2000: Goers J er al., 1993).

2.1.5 Biotinylated Antibodies

Biotin is a hydrophobic molecule with a molecular weight 244.31 Da. Biotin is easily
attached to proteins (Bartoli M et al., 1999), antibodies (Lgnatowski TA 1999).
enzymes (Rao SV er al., 1999) and nucleic acids (Wilchek M er al.. 1988: Levi M et
al., 1990). Biotinylated agents are detected using avidin conjugated with an enzyme
or fluorescent dye. The biotin-avidin system is the strongest known noncovalent
biological interaction between a protein and a ligand (Kd = 1.3 x 10""°M at pH 3)
(Green NM 1963).

Varieties of biotinylation reagents are commercially available. Normally, a bicyclic
ring of biotin slides in the avidin binding pocket and plays an important role in the

reaction between the biotin and avidin while the carboxyl group on the valeric acid



side chain is not involved in the interaction (Green NM 1975: Wilchek M et al.
1988) (see Figure 1.3). Therefore. biotin derivatives that modifv the carboxyl group

on the valeric acid side chain are called biotinylation reagents.
2.1.5.1 Biotinylation Reagents

When bound to antibodies, the biotin can hide in the hydrophobic pocket of an
antibody and become inaccessible to avidin. Therefore. it is better to use spacer
biotin to enhance efficiency in the formation of the biotin-avidin complex and to
avoid inducing changes in the antibody structure (Gretch DR et al., 1987: Hnatowich
DJ et al.. 1987). Many companies supply the biotin containing a spacer between the
protein-binding site and the avidin-binding site (known as long-armed or spacer
biotin). Commonly available biotinylation reagents are NHS-biotin and sulfo-NHS-

LC-biotin (Figure 2.1).
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Figure 2.1a Structure of Sulfo-NHS-LC-Biotin (MW 556.58)
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Figure 2.1b Structure of NHS-Biotin (MW 341.38)



NHS-Biotin, a water-insoluble biotin, is a N-hydroxysuccinimide derivative of
biotin. NHS ester is the most popularly used reagent to label antibodies containing
primary amino groups of lysine residues. The biotinylation procedure is simple and
takes place under mild alkaline conditions. which do not interfere with the antibody
structure. Sulfo-NHS-LC-biotin. a water-soluble biotin. is a sulfonated derivative of
NHS-biotin. The polar characteristics are due to the sulfonate (-SO;) group on the N-
hydroxysuccinimide ring and the compound is impermeable to the cell membrane.
Figure 2.2 shows the reaction of sulfo-NHS-LC-biotin with a primary amine (Meier
T et al., 1996).

Generally. water soluble and long-armed biotinylation reagents are preferred because
they are more easily detected and handled. Biotin is covalently coupled to the
primary amines (lysines) of IgG. Only the epsilon amine of the lysine residue can be
effectively biotinylated with NHS esters (Lomant AJ 1976). Critical amino acid
residues in the antigen-binding site should be avoided with the biotinylation reagent
to preserve the biological activity of the antibodies. Sometimes. the biotinylation
protocol may modify the antigen-binding site and result in the loss of its activity. In
this case. carbohydrate directed biotinylation reagents are used. The principle of this
reaction is shown in Figure 2.3. Carbohydrate directed biotinylation reagents. biotin
hydrazide. biotin-L.C-hydrazide or biocytin hydrazide are used to conjugate biotin to
carbohydrate groups. The bond is stable between pH 2-10 (Hoffman WL er al.
1988) and is particularly suitable for biotinylating antibody because the carbohydrate
groups are localized on the Fc region. which is far away from the antigen-binding
sites. Biotinylation of the amino group sites occurs at room temperature while

biotinylation of the carbohydrate sites occurs at 0-4°C and exposure to light should

be avoided.

In addition to the amine-reactive biotinylation reagents and carbohydrate directed
biotinylation reagents that are discussed above, many other biotinylation reagents are
also in use, including carboxyl reactive biotinylation reagents (EDC) and sulfhydryl

reactive biotinylation reagents (Biotin-HPDP) (Meier T er al.. 1996).
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2.2 MATERIALS AND METHODS

2.2.1 Tissue Culture and Storage

2.2.1.1 Materials

® RPMI-1640 8% FBS medium (IL): One package of RPMI medium (10.4g) was
dissolved in double distilled water with gentle stirring. 2.0g of sodium
bicarbonate (NaHCOs). 80mL of fetal bovine serum (FBS). 10mL of penicillin-

streptomycin and SmL of glutamine were added. The volume was adjusted to 1L

with Millipore water and stirred until completely dissolved. The pH was adjusted
to 7.2 using IN NaOH or IN HCI and the solution was immediately subjected to
membrane filtration (0.22 um). All of the above biological agents were

purchased from GIBCO. Grand [sland. NY.

® Phosphate buffered saline (PBS): 0.41g of potassium phosphate (MW = 136.09).
1.14¢ of sodium phosphate (MW = 141.96) and 8.5g of sodium chloride (MW =
58.44) were dissolved in 1L of distilled water and the pH was adjusted to 7.2. (3
mM KH>PO,. 8 mM Na,HPO, and 0.145 M NaCl)

e TPBS buffer: 0.05% Tween was added to the above PBS buffer to obtain a
phosphate butfered saline containing 0.05% Tween (TPBS). (3 mM KH,PO,. 8
mM Na,HPO,, 0.145 M NaCl and 0.05%Tween)

2.2.1.2 Methods

Mabs B43.13 and B27.1 hybridomas were kindly provided by Biomira Inc.
Edmonton, Canada. The vials of cells were thawed in a 37°C water bath and
resuspended in 10mL of RPMI-1640 medium containing 8% FBS (GIBCO. Grand
Island, NY). After centrifuging at 1600rpm (260g) for 7 minutes. the cell pellet was
resuspended in 10mL of fresh RPMI-1640 medium containing 8% FBS and
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transferred to a 25cm? tissue culture flask (Costar Corportation, Cambridge. USA).
The cells were incubated at 37°C, 5% carbon dioxide in 100% humidity incubator
(Forma Scientific Inc, Ohio. USA) until the cells were vigorously growing (5-10
days). Most cell lines were split into fresh medium or new flasks when the cell
density reached 1-2 x 10° cells/mL. The supernatant was collected when the
appearance and the color of the medium became turbid and yellow. A
hemocytometer and an inverted light microscope were used to monitor cell growth.

Cells were counted using 0.4% trypan blue and the viability was calculated.

The hemacytometer has four counting squares in which each has a Imm” area. The
coverslip rests 0.lmm above the surface. resulting in the total volume of 0.1mm’. In
our protocol. 100uL of cell suspension plus 100uL of 0.4% trypan blue resulted in
obtaining the dilution factor equal to 2. The following formula was used to calculate

cell density:
Cell density (cells/mL) = cells # in 0.lmm°> x dilution factor x 10*

Under the microscope. the live cells did not take up dye while dead cells did and

appeared blue.

The cells were split when necessary and recultured until 1-2L of supernatant were
ready for use. The resuitant supernatant containing the Mab was collected. followed
by centrifuging at 3000rpm (1200g) at 4°C for 20min to remove the cell debris. The

supernatant was collected for future purification while the pellet was discarded.

Vigorously growing cell lines were selected to freeze and store to preserve the cell
lines. The supernatant was centrifuged at 1600rpm (260g) for 7minutes. The cell
pellet was collected and 90% FBS plus 10% DMSO were added to it. FBS was
added to maintain cells and DMSO was added to avoid crystallization. The
concentration was adjusted to 3 x 10° cells/mL and 1.5 mL of cell suspension was

pipetted into each vial. The vials were stored at 4°C for 20min, then in a -20°C
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refrigerator for 20min and then stored in a -86°C freezer to avoid any damage to

cells. Long term storage was in liquid nitrogen.

2.2.2 Purification of Mabs B43.13 and B27.1

2.2.2.1 Materials

® 0./M sodium acetate_pH 3.0: 8.2g of sodium acetate (MW 82.03) was dissolved

in 1L of distilled water. The pH was adjusted to 5.0 using acetic acid.

® 0.IM glycine pH 2.8: 7.5g of giycine (MW 75.07) was dissolved in IL of

distilled water. The pH was adjusted to 2.8 using IN HC.

o [M Tris-base buffer pH 8—9: 0.606g of Tris (MW=121.14) was dissolved in
5mL of distilled water. The pH was adjusted to 8-9 using IN HCL.

* HiTrap® Protein G column (Sepharose HP 1mL) was purchased from Sigma. St.

Louis. MO

2.2.2.2 Methods

Two purification methods were tested using a Protein G column. Either the
supernatant was directly loaded on a Protein G column or ammonium sulfate was
used to precipitate the antibody, followed by centrifuging to remove most of the

albumin that came from the medium.

Ammonium sulfate was slowly added to the S00mL of supernatant to precipitate
Mab B43.13 (or Mab B27.1) (50% solution precipitation). Most of the [gG was
precipitated. The albumin that came from the RPMI medium was dissolved in the
supernatant and was discarded. To enhance precipitation, the mixture was stirred at

room temperature for 2hrs and then was stored overnight in a coldroom. The solution
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was centrifuged at 3000rpm (1200g) at 4°C for 20min. The pellet containing the
antibody was collected while the supernatant was discarded. The pellet was
dissolved in 10mL of 0.1M sodium acetate at pH 5.0, and then dialyzed against 1L of
sodium acetate in a coldroom to remove the ammonium sulfate. The dialysis solution
was changed 3 times at 12hr intervals. Our sample was centrifuged at 1600rpm
(260g) for 7 minutes and then the supernatant that contained the antibody was
collected. The absorbance was monitored at 280nm using a spectrophotometer
(DU®640. Beckman Instruments Canada Inc. Mississauga. Ontario) and the
concentration of the protein was calculated using an extinction coefficient of 1.4
(Coligan JE er al., 1998). Most of proteins containing three amino acids: tyrosine.

phenylalanine. or tryptophan have a high absorbance at 280nm.

A HiTrap Protein G column (Sigma. St. Louis. MO) was used to separate the IgG
from other proteins, especially from FBS that was added to the medium. The Protein
G column (ImL) was equilibrated in 0.1M sodium acetate at a pH of 5.0. 10mL of
the supernatant containing the desired antibody was loaded to the Protein G column
and the unbound sample was collected. The column was washed with 0.1M sodium
acetate at pH 5.0 and the wash sample was collected. At a later time. the desired
antibody was eluted using 0.1M glycine at pH 2.8 with a flow rate of 0.5mL/min.
The elutions were collected 1mL per fraction and 30 fractions were collected. 50ulL
of IM Tris-based buffer was added to each fraction to minimize exposure to the low
pH. At the end of the experiment. the column was recycled by washing it with 0.1M
glycine at pH 2.8 and reequilibrated it to pH 5.0 with 0.1M sodium acetate. The
fractions. wash samples, and unbound samples were monitored at UVsg0nm. 0.1M
glycine with SOuL of Tris-based buffer was used as a blank sample. The fractions.
wash samples, and unbound samples were also monitored specifically using an

ELISA technique.



2.2.3 ELISA and Relative Affinity Study

A modified ELISA method was developed to evaluate the specificity of Mabs
B43.13 and B27.1. A standard 96 well ELISA plate (Nunc, Grand Island. NY) was
coated with 100uL. of CAI25 antigen at 10ug/mL as a solid phase and then
incubated overnight at 4°C. After washing with TPBS buffer 3 times. the nonspecific
binding sites were blocked with 200uL of 2% BSA for 2hr in an incubator. After
washing with the TPBS buffer 3 times. the 100uL of Mab B43.13 fractions. unbound
sample. and negative controls were added to the plate and incubated at 4°C
overnight. PBS buffer and anti-PSA Mab B87 were used as the negative controls.
After washing 3 times to remove unbound antibody. 100uL of goat anti-mouse IgG
conjugated with horseradish peroxidase (HRPO) at 1pg/mL was added and incubated
at room temperature for lhr on a shaker. After washing 3 times to remove the
unbound antibody. the color was developed by adding TMB (3.3°.5.5° -
tetramethylbenzidine). H,O: (hydrogen peroxide) and monitored at 650nm using an
ELISA reader. HRPO is an enzyme that is extracted and purified from the root of
horseradish. HRPO catalyzes TMB to produce a deep blue color in the presence of’

hydrogen peroxide.
2.2.3.1 Relative Affinity Study

Since a high affinity of Mab is generally better for in vitro and in vivo targeting
study, the relative affinities of Mabs were compared using a modified ELISA method
described above. A standard 96 well ELISA plate was coated with 100uL of CA125
antigen at 10ug/mL and incubated overnight at 4°C. After washing with the TPBS
buffer 3 times. the plate was blocked with 200 pL of 2% BSA for 2hr at an
incubator. After washing with the TPBS buffer 3 times. 100uL of purified Mab
B27.1, B43.13, serially diluted samples (1:1, 1:10, 1:100, 1:1000. 1:10.000,
1:100,000), and negative controls were added to the plate and incubated at room

temperature for 6hr. After washing 3 times to remove the unbound antibodies. 100uL
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of goat anti-mouse IgG conjugated with HRPO at 1pg/mL was added and incubated
at room temperature for lhr on a shaker. After washing 3 times to remove the
unbound antibodies, the color was developed by adding TMB, H.O- and monitored
at 650nm using an ELISA reader. Instead of incubation at room temperature for 6hr.
incubation at room temperature overnight and incubation at 37°C for 2hr were

further studied using the similar procedure.

2.2.4 SDS-PAGE

2.2.4.1 Materials

1.5M Tris-HCI buffer. pH 8.8 with 0.4% SDS (100mL): 18.2g of Tris and 0.4g of
SDS were dissolved in 80mL of water and the pH was adjusted to 8.8 using IN HCl

solution. The solution was diluted to a final volume of 100mL and filtered through a

0.45um Millipore filter to obtain a clear solution.

Butanol saturated water (100mL): the butanol solution was diluted 1:1 using distilled

water.

0.5M Tris-HCI buffer, pH 6.8 with 0.4% SDS (100mL): 6.06g of Tris and 0.4g of
SDS were dissolved in 80mL of water and the pH was adjusted to 6.8 using 1M HCL.

The solution was diluted to a final volume of 100mL and filtered through a 0.45um

Millipore filter.

Separating gel (10%) (I16ml): 4mL of 40% Acrylamide. 4mL of 1.5M Tris buffer
(pH 8.8). 8mL of water, 50uL of fresh ammonium persulphate (100mg in ImL) and

10uL of TEMED were mixed together to obtain the separating gel for immediate

use.

Stacking gel (4%) (5.0mL): 0.5mL of 40% Acrylamide, 1mL of 0.5M Tris buffer
(pH 6.8), 3.5mL of water, 25uL of fresh ammonium persulphate (100mg in 1mL)




and 5pL. of TEMED were mixed together to obtain the stacking gel for immediate

use.

2xSDS/sample buffer (10mL): 2.5mL of 0.5M Tris buffer. 2mL of glycerol. 0.4¢g of
SDS. 0.2mL of 2-ME, and 0.1mg of bromphenol blue were mixed together. The

volume was adjusted to 10mL using distilled water and stored at -20°C in ImL

aliquots.

Tank buffer (Tris-glycine buffer, pH8.3) (IL): 15g of Tris. 72g of glycine and 5g of
SDS were dissolved in 1L of water and the pH was adjusted to 8.3 using IM HCL. It

was diluted five times at the time of use.
Staining solution(200mL): 1 tablet of gel blue R (Pharmacia LKB. Biotechnology
AB. Uppsala. Sweden) was dissolved in 120mL of water. 80mL of methanol and

20% acetic acid. The solution was filtered and stored at room temperature.

De-staining solution (500mL): 25% methanol and 7% acetic acid were mixed in

water.

Sample preparation: 20uL of purified Mab B43.13. (or Mab B27.1) plus 20uL of
2xSDS/sample buffer were quickly mixed together in a microcentrifuge tube and
heated for Smin at 100°C. A quick transition to 100°C was required to inactivate
proteases that could degrade the sample protein. even after a few minutes at room

temperature.

2.2.4.2 Methods

SDS-PAGE was used to determine the purity of antibodies. The SDS-PAGE
sandwich was assembled and locked to the casting stand. The separating gel solution
was carefully added to the sandwich along an edge until the height was about 8cm.

followed by the slow addition of butanol saturated water (Icm thick) to cover the top
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of the gel. The gel was polymerized for lhr at room temperature. The butanol
saturated water was poured off, followed by the slow addition of the stacking gel
solution to fill the rest of the sandwich. A 0.75mm Teflon comb was inserted into the
layer of stacking gel solution, followed by adding additional stacking gel to
completely fill the spaces in the comb. The gel was polymerized for lhr at room

temperature

The Teflon comb was carefully removed and the wells were washed and filled with
tank buffer. The samples were loaded to the wells and the SDS-PAGE sandwich was
transferred to the chamber, followed by the filling of the chamber with tank buffer.
The samples were run under a 10mA electric field for 45min until the bromphenol
blue dye reached the bottom of the separating gel. The power supply was
disconnected and the gel was washed with water. The gel was dipped into staining
solution for 1hr to obtain color, followed by dipping it in a destaining solution for 2
days to remove the background. The gel was wrapped and dried using a porous

plastic.

2.2.5 Production of Biotinylated Monoclonal Antibodies

2.2.5.1 Materials

® [Omg/mL Long-armed biotin in _anhydrous DMSQ: Long-armed biotin

(biotinamidocaproic acid., 3-sulfo-N-Hydroxy-Succinimide ester.
C20H20N4OsS:Na MW = 556.6 Da. Figure 2.1a) was dissolved in anhydrous
DMSO. The Biotin/DMSO solution was prepared immediately before use.

Reagent was purchased from Sigma. St. Louis. MO

* DMSO (anhydrous dimethyl sulfoxide): DMSO was kept under dessication.

e Biotin labeling buffer: 0.1M NaHCO; (sodium hydrogen carbonate) and
0.1M NaCl (sodium chloride) were dissolved in distilled water and the pH

was adjusted to 8.4.
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e Dialysis buffer: 0.IM Tris-Cl and 0.2M NaCl were dissolved in distilled

water and the pH was adjusted to 7.4.

2.2.5.2 Methods

Mabs B43.13 and B27.1 were labeled with long-armed biotin for the in vitro
targeting studies. Img/mL of purified Mab B27.1 was dialyzed using IL PBS buffer
for 2-3 days in a cold room to remove the ammonium sulfate. Tris. and glycine that
may have been left behind by the purification procedure. The dialysis solution was
changed 3 times at 12hr intervals. The Mab B27.1 continued to be dialyzed overnight

using biotin labeling buffer at 4°C in order to adjust the pH to 8.4.

The protein concentration of Mab B27.1 was determined at 280nm using a
spectrophotometer (Beckman DU®640. Beckman Instruments Canada InC.
Mississauga, Ontario). The extinction coefficient of 1.4 (Coligan JE et al.. 1998)
was used to calculate the concentration of the antibody. 10uL of 10mg/mL biotin in
DMSO was added to each milligram of antibody. The tube was wrapped in
aluminum foil to protect the contents from light and incubated for 2hr at room
temperature and then overnight at 4°C. The unbound biotin was removed by
dialyzing against 1L of dialysis buffer or PBS buffer at 4°C for 2-3 days. The
dialysis solution was changed 3 times at 12hr intervals. Similar procedures were used

to label Mab B43.13.
2.2.6 Characteristics of Biotinylated Monoclonal Antibodies

2.2.6.1 Determination of the Biotin/Antibody Ratio Using a HABA Assay.

2.2.6.1.1 Materials

* 2ml HABA/avidin reagent: 0.121mg of 4-hydroxyazobenzene-2’-carboxylic acid
(HABA) (MW 242.2D) and 0.4mg of avidin were dissolved in 2mL of PBS
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buffer in a glass tube to obtain 0.25mM HABA in PBS containing 0.2mg/mL

avidin. This reagent was purchased from Sigma. St. Louis MO.

2.2.6.1.2 Methods

A HABA assay was used to evaluate the degree of biotinylation. PBS buffer was
used as a blank sample to establish the baseline in the spectrophotometer (Beckman
DU®640. Beckman Instruments Canada InC. Mississauga. Ontario) at 500nm. 1.0mL
of HABA/avidin reagent (0.25mM HABA with 0.2mg/mL avidin) was pipetted to a
lem cuvette and measured at 500nm to obtain the absorbance A; 50uL of
biotinylated antibodies at 1mg/mL concentration was added to this HABA/avidin
reagent and was again measured at 500nm to obtain the absorbance A,. The detailed

calculation of biotin concentration is shown in Chapter 3. Section 3.3.1.

2.2.6.2 Confirmation of Biotinylation Using an ELISA Technique

2.2.6.2.1 Materials

* 1% dialyzed BSA: 1mg of BSA was dissolved in 100mL of PBS and dialyzed

against 1L of PBS buffer. The dialysis solution was changed 3 times at 12hr

intervals.

® SA-HRPO solution: (streptavidin conjugated with horseradish peroxidase). The

original concentration was mg/mL. Original streptavidin conjugated with HRPO
solution was 1:1000 diluted using 1% dialyzed BSA. The reason for using 1%
dialyzed BSA to dilute the sample was to reduce biotin content in the BSA and to
avoid the SA-HRPO from binding to the glass wall.

2.2.6.2.2 Methods

Several different ELISA techniques were developed to confirm the immunoreactivity

and biotinylation of the biotinylated Mabs. A standard 96 well ELISA plate was
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coated with 100uL of CA-125 antigen at Ipg/well and incubated overnight at 4°C.
The plate was washed with 200uL of TPBS 3 times and blocked with 200uL of 2%
BSA for 2hr in a 37°C incubator. After washing, 100uL of biotinylated MAb B27.1
was added to the plate and incubated overnight at 4°C. After washing 3 times to
remove the unbound Mab. 100uL of streptavidin conjugated with HRPO at lug/mL
was added to the plate and incubated at room temperature for lhr. After washing 3
times to remove the unbound reagent. the color reaction was developed by adding
100uL of TMB+H;0, and monitored at 650nm. The positive controls and negative

controls are shown below.

o Experiment sample: The plate was coated with the CA-125 antigen followed by

adding biotinylated MAb B27.1 and then adding the SA-HRPO to develop the

color.

e Positive control I: The plate was coated with the CA-125 antigen followed by

adding biotinylated MAb B27.1 and then adding goat anti-mouse IgG conjugated
with HRPO to develop the color.

® Positive_control 2: The plate was coated with the CA-125 antigen followed by

adding MAb B27.1 without biotin and then adding goat anti-mouse lgG
conjugated with HRPO to develop the color.

e Negative control I: The plate was coated with the CA-125 antigen followed by
adding MAb B27.1 without biotin and then adding the SA-HRPO to develop the

color.

® Negative control 2: The plated was coated with CA-125 antigen followed by
adding the PBS buffer and then adding the SA-HRPO to develop the color.
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2.2.6.3 In Vitro Confirmation of Biotinylation Using CLSM
2.2.6.3.1 Materials

® HBSS solution: One package of HBSS powder (9.5g) (Sigma. St. Louis. MO) and
0.35g of NaHCO; were dissolved in IL of distilled water and the pH was
adjusted to 7.2. The solution was filtered through a 0.22um membrane to obtain a

sterile solution.
® Glycerol /PBS solution: The glycerol was 1:1 diluted using PBS buffer.

2.2.6.3.2 Methods

CLSM technique was used to further in vitro confirmation of immunoreactivity and
biotinylation of the biotinylated Mabs. OVCAR-3 cancer cells (CA125 positive cell
lines) were cultured in the 75¢m” flask in RPMI-1640 medium. When the cells were
in log phase growth. 5mL of trpysin-EDTA (GIBCO. Grand Island. NY) was used to
suspend cells and the cell suspensions were centrifuged at 1600rpm (260g) for 7
minutes. The supernatant was discarded and the pellet was resuspended using a fresh
RPMI 1640 medium. The cells were counted using 0.4% trypan blue and 10°
cells/well was transferred to the Lab-Tek slide (Nalge Nunc. Naperville. IL) to
culture for 2—4 days. After cells were firmly confluent on the bottom of the slide. the
cells were washed 3 times using a HBSS buffer. OVCAR cells were incubated with
2pg of biotinylated Mab B27.1 in 600uL HBSS buffer at 37°C for lhr. After
washing with the HBSS buffer 3 times to remove unbound Mab. 2ug of streptavidin
conjugated with FITC (SA-FITC) in 400uL. HBSS buffer was added and incubated at
37°C for 30 minutes. After washing 3 times, the 1:1 glycerol/PBS was dipped into
the cells and the slides were coverslipped. The results were monitored using a
confocal microscope (Zeiss. LSMS510, Jean, Germany). For the negative control. the
OVCAR cells were incubated with SA-FITC without adding biotinylated antibody.

The other steps were similar to the experimental sample.



2.3 RESULTS AND DISCUSSION
2.3.1 Growth of Mabs B43.13 and B27.1 Cell Lines

Mabs B43.13 and B27.1 hybridoma cell lines were kindly provided by Biomira Inc.
Edmonton. Canada. RPMI-1640 medium was developed by Moore GE er a. for
tissue culture of many types of the cell lines (Moore GE et al.. 1967: Moore GE er
al., 1976). It was an optimum time to collect supernatant harvested antibodies when
the medium began to turn yellow. Frequent splitting of cells at appropriate times
would benefit the production of high titre antibody. A moderate cell density is
beneficial in promoting a faster growth of cells. The optimum time to freeze cells
was at the time the cells were vigorously growing. The cell densities of hybridomas
B43.13 and B27.1 were 10°-10° cells/mL and viabilities were about 80%. Mab B27.1

always grew more vigorously than Mab B43.13.

2.3.2 Purification of Mabs B43.13 and B27.1

A Protein G column was an affinity chromatography column which was used in the
purification of IgG in our protocol. Normally 1mL volume of protein G can bind
20mg of antibodies. Approximately 30mL of 0.1M glycine at pH 2.8 was used to
elute the desired antibody and fractions were collected at a ImL/fraction. The

purification results are shown in Figure 2.4.

The yield calculation was based on the Beer-Lamberts law. where the absorbance
was proportional to the concentration. From the document. the extinction coefficient
of 1.4 of antibody was used in my calculation (Coligan JE er al.. 1998). indicating
that an absorbance of 1.4 was equal to 1.0mg/mL IgG. The antibody concentrations
in the original supernatants of Mabs B27.1 and B43.13 were about 2.5mg/L. A total
of Smg of B27.1 and S5mg of B43.13 were harvested.
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Figure 2.4: Purification of Mab B43.13 using a protein G column. Two assays
were used to monitor the fractions. One was using UV240nm to monitor the protein
concentration. The other was using ELISA to monitor the immunoreactivity of the
monoclonal antibody at OD650nm. The fractions were eluted by 0.1M glycine bufter

at pH 2.8 and purified Mab B43.13 were harvested in fraction 2 (1mL/fraction).
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2.3.3 ELISA and Affinity Study

An indirect ELISA method was used to evaluate the specificity and the relative
affinity of Mabs. Two negative controls (PBS buffer and anti-PSA Mab B87) were
done together with the experimental samples and all negative controls gave low
absorbances. Experimental samples yielded a signal that was 10-15 times higher
than the negative controls. Different incubation times (overnight at room
temperature. 6hrs at room temperature and 2hrs at 37°C) were further studied to
evaluate the effects of a long incubation. The results are shown in Figure 2.5 and
Figure 2.6. One way ANOVA assay (p < 0.05) shows that increasing incubation time
significantly increases absorbance. resulting in high sensitivity. Additionally.
selecting proper concentrations of the Mab were also critical to achieve optimal
results in the ELISA technique. A concentration range from 10pg/mL-100pg/mL

was used to calculate the relative affinity.
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Figure 2.5 Comparison of different incubation times of Mab B27.1 with the
CAI125 antigen using an ELISA technique. When the incubation time increases.
the absorbance also significantly increases. Each data point is the mean + SD. Error

bars are not shown if they are smaller than the symbols.
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Figure 2.6 Comparison of different incubation times of Mab B43.13 with

CA125 antigen using an ELISA technique. When the incubation time increases.

the absorbance also significantly increases. Each data point is the mean + SD. Error

bars are not shown if they are smaller than the symbols.



ELISA is a popular technique for affinity measurements because of its simplicity.
Many different ELISA methods in the measurement of affinity have been studied by
several investigators (Friguet B er al., 1985: Beatty JD er al.. 1987: Nimmo GR er
al., 1984). The affinities of Mabs B27.1 and B43.13 had been measured by Capstick
V et al. before. where the affinity constants of Mabs B27.1 and B43.13 were
approximately 10° M™' and the relative affinity of Mab B27.1 compared to that of
Mab B43.13 was 1.6 (Capstick V ef al., 1991: Nustad K et al., 1996: McQuarrie SA
et al., 1998). In order to select the proper antibody with a high affinity and to
evaluate the characteristics of our antibodies for the future in vitro targeting study.
the relative affinity of our Mabs B27.1 and B43.14 were studied using the simple
modified ELISA method described in Section 2.2.3. Serial dilutions of the samples
were incubated with an antigen pre-coated plate at different time intervals. The result
is shown in Figure 2.7. Mab B27.1 had a 1.6 times higher affinity than Mab B43.13.
which confirmed the result (1.6 times) found in literature (Nustad K er al., 1996).
The longer incubation time resulted in a higher signal. indicating that the CA125
antigen needed a longer time to react with the antibody or that the CA125 antigen
may lose partial immunoreactivity during storage. The nominal sensitivities of Mabs
B27.1 and B43.13 in ELISA were 10ng/mL and 100ng/mL respectively.
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Figure 2.7 Comparison of the relative affinity of Mabs B43.13 and B27.1. The
absorbance of Mab B27.1 is higher than that of Mab B43.13 at all concentrations.
The relative affinity of Mab B27.1 is approximately 1.6 times higher than that of
Mab B43.13.



2.3.4 SDS-PAGE

Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) is an
electrophoresis technique, which is used to determine the purity of a protein. The
principle involves using SDS to denature the antibody and then attach charges to it.
The reducing reagent (2-mercaptoethanol) is used to break disulfide bonds between
heavy and light chains. Both the heavy and light chains migrate under an electric
field, resulting in separation by their sizes. The molecular weights of heavy and light
chains in our Mabs, B27.1 and B43.13. were 55KD and 25KD respectively. as
shown in Figure 2.8. The antibodies were relatively pure with only the two expected
bands found. The density of the band to background has been calculated by Image)J
image analysis programs (Research Service Branch. National Institute of Mental
Health. Bethesda. Maryland. USA) and results in approximately 88% and 91% for
Mab B27.1 and B43.13 respectively. The molecular weights of the Mabs B27.1 and
B43.13 were not significantly different. The supematants containing many other
proteins have many different bands. Since the hybridoma cell line only secretes one
specific Mab. we can assume that no other Mabs exist in the supernatant. After
purification using a Protein G column that can only bind IgG. the only Mab collected
will be our desired Mabs B27.1 or B43.13.
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Figure 2.8 SDS-PAGE result. S1 is Mab B27.1 supernatant and S2 is Mab B43.13
supernatant. The result shows relative purity of Mabs B43.13 and B27.1 with two
bands at about 55KD and 25KD. The molecular weights of the Mabs B27.1 and
B43.13 are not significantly different. The standards from top to bottom are
phosphorylase B (MW 104KD). bovine serum albumin (MW 81KD). ovalbumin
(MW 47.7KD), Carbonic anhydrase (MW 34.6KD). soybean trypsin inhibitor (MW
28.3KD), and lysozyme (MW 19.2KD).
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2.3.5 Production of Biotinylated Monoclonal Antibodies

The biotin-avidin system is the strongest known noncovalent biological interaction
between a protein and a ligand (Kd = 1.3 x 10°M at pH 5) (Green NM 1963).
Therefore. a biotin labeling technique is an important tool for many applications in
biochemistry and cellular biology. Many different biotinylation reagents can be used
to label the biotin to the antibody. My biotinylation protocol was modified on the
basis of a protocol described by Coligan and his colleagues (Coligan JE er al.. 1998)

and is described in section 2.2.5.

In order to effectively label the biotin to the antibody while preserving the biotin
binding ability to the avidin. a long-armed biotin was used. The long-armed biotin
has a spacer between the antibody-binding site (valeric acid side chain) and the
avidin binding site (bicyclic ring). Normally. water soluble and long-armed
biotinylation reagents are preferred for biotinylation (Gretch DR er al., 1987: Meier
T et al. 1996). Sulfo-NHS-LC-biotin (MW 556.58). a water-soluble. long-armed
NHS ester of biotin. was used in my biotinylation protocol for labeling antibodies
containing primary amino groups of lysine residues. The reaction of sulfo-NHS-LC

biotin with a primary amine is shown in Figure 2.2.

The biotinylation protocol is a simple and inexpensive protocol. It is optimal to have
an antibody concentration at 2-5 mg/mL because the higher the concentration. the
better the labeling efficiency. Normally a molar ratio higher than 15:1 of
biotinylation reagent to antibody is used (David WC er al.. 1998). If the antibody
concentration is lower than Img/mL, the amount of biotinylation reagent should be
increased to obtain a similar degree of biotinylation when the higher concentration of
antibody is used. Since the concentration of my Mab B27.1 was Img/mL. a 30:1
molar ratio of biotinylation reagent to antibody was used in my protocol. A formula
was used to calculate the amount of a 10mg/mL biotinylation reagent needed to
conjugate with the desired quantity of antibody (David WC er al., 1998: Coligan JE

et al, 1998). For example, the ratio of biotinylation reagent/antibody = 30:1.
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molecular weight of the antibody is 150,000, and the antibody concentration is
Img/mL. Therefore. the volumn of 10mg/mL biotinylation reagent is 11uL. The

calculation is shown below.

(mL of 10mg/mL biotin-NHS)

(mg antibody x 0.1 x R x mol wt of biotin-NHS)/mol wt of antibody
1 x 0.1 x 30 x 556.6 /150.000

= 0.01lmL

Note: R = molar ratio of biotinylation reagent/antibody
(David WC er al., 1998)

Due to the low concentration of Mabs B27.1 (1mg/mL) and the low binding ability. a
long incubation time (2hr at room temperature and overnight at 4°C) between sulfo-
NHS-LC-biotin and antibody was selected in my biotinylation protocol based on the
protocol described by Coligan JE er al. (Coligan JE er al.. 1998). The biotinylation
reagent is unstable in solution since the NHS esters hydrolyze quickly. Therefore.
once the biotinylation reagent is dissolved in DMSO. it should be used immediately
and the residual solution should be discarded. It is critical that the Tris. the glycine.
the sodium azide. and the other ions are completely removed from the antibody using
dialysis because the biotinylation reagent may react with them. This would result in
the reduction of the labeling efficiency of the antibody. It is also necessary to remove
gelatin or BSA. which are often used at 0.1-1% concentration to stabilize diluted
antibodies. These proteins will also react with biotinylation reagents. When the pH
increases. the reaction rate increases while the hydrolysis rate of the NHS ester
increases too. Therefore, the optimum pH for biotinylating primary amines is pH 7-9
(Meier T et al., 1996). Extra biotinylation reagents can be removed by dialysis or by
a Gel-filtration column. A quench buffer may be optionally used to obtain a better
degree of biotinylation. For instance, large amount of Tris or glycine can be used to
terminate the biotinylation reaction at an optimum point to achieve proper molar

ratio of biotin to antibody (Meier T et al., 1996).



A HABA assay was selected to determine the degree of biotinylation following the
protocol from Sigma, St. Louis MO. The HABA/avidin reagent was purchased from
Sigma, St. Louis MO. The principle of this HABA assay was that HABA interacts
with an avidin and provides a complex with maximum adsorption at 500nm.
Additional information is provided in Chapter 3. Section 3.3.1. The biotin has an
extremely high affinity with an avidin. thus replacing the HABA binding sites and
results in decreasing absorbance at 500nm. The decrease is proportional to the biotin
concentration. The degree of biotinylation of Mabs B27.1 and B43.13 are 7.4 and 5.9
respectively, which indicates that antibodies have been successfully labeled with

biotin.

2.3.6 Confirmation of Biotinylation Using an ELISA Technique

Several positive and negative controls were tested simultaneously with the
experimental samples. The results are shown in Figure 2.9. The ELISA method
confirmed that the Mab had been successfully labeled with the long-armed biotin.
The negative controls without biotinylated Mab did not show significant signals at
650nm. Comparing the positive control | with the positive control 2. the biotinylated
antibody loses partial immunoreactivity during this biotinylation Jrotocol (about
30%). Since we used an amine reactive biotinylated reagent, biotin is covalently
coupled to the primary amines (lysines) of IgG. Thus critical amino acid residues in
the antigen-binding site may be damaged with this kind of biotinylation reagent.
resulting in the loss of partial immunoreactivity. Additionally, only the epsilon amine
of the lysine residue can be effectively biotinylated with NHS esters (Lomant AJ er
al., 1976), which indicates that the epsilon amine bearing amino acid residue may be

a critical feature of our Mabs.
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Figure 2.9 Confirmation of biotinylation of Mab B27.1 using an ELISA
technique. The experiment sample is 15 times higher than the negative controls.
indicating that antibodies have been successfully labeled with biotin. Comparing the
positive control 1 with the positive control 2. the biotinylated Mab loses partial

immunoreactivity during the biotinylation protocals (about 30%).

Experiment sample: CA-125 antigen + biotinylated Mab B27.1 + SA-HRPO

Positive control I:  CA-125 antigen + biotinylated Mab B27.1 + goat anti-mouse I8G-HRPO
Positive_control 2: CA-125 antigen + Mab B27.1 + goat anti-mouse IgG-HRPO

Negative control I: CA-125 antigen + Mab B27.1 + SA-HRPO

Negative control 2: CA-125 antigen + PBS + SA-HRPO
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2.3.7 In Vitro Confirmation of Biotinylation Using CLSM

Streptavidin conjugated with SA-FITC instead of SA-HRPO was used to confirm
biotinylation in an in vitro setting. Although losing partial binding activity of Mab.
the biotinylated Mab B27.1 still had enough binding ability to the CA125 antigen on
the surface of the OVCAR cancer cells, resulting in localization of the SA-FITC
(green label) to the surface of the OVCAR cells (Figure 2.10). Without the
biotinylated antibody. SA-FITC could not label the OVCAR cells directly by itself.
Thus. the green label on the cell surface confirmed that the biotinylated antibody
successfully targeted the OVCAR cells and that the biotinylation protocol was
successful. Compared to the long incubation time (6hr or overnight) in the ELISA
technique, only a lhr incubation time was enough to achieve biotinylated Mab
targeted the CA125 antigen in vitro. This indicates that the CA125 antigens on the
living cells may have enhanced Ab binding ability (O’ Brien TJ er al.. 1986: Masuho
Y et al. 1984: Matsuoka Y 1987). The concentration of the Mab in my CLSM
experiments was 3.3ug/mL. compared with the 10ug/mL for the antibody in the
ELISA technique. This indicates that the CLSM with fluorescence labeled technique

was more sensitive than a normal ELISA technique (Coligan JE er al.. 1998).

In summary, biotinylated antibodies were evaluated by HABA assay. ELISA. and
CLSM techniques. which indicates that antibodies were labeled with the biotin. The
ratio of biotin/Mabs B27.1 and B43.13 are 7.4 and 5.9 respectively. Although losing
partial binding activity of Mab (about 30%) during this biotinylation protocol with
the amine reactive biotinylation reagent, the biotinylated antibodies still had enough
affinity to bind the OVCAR cells at low concentrations and short incubation time
(1hr) in in vitro targeting study. Long-armed carbohydrate directed biotinylation
reagents that conjugate biotin to carbohydrate groups are particularly suitable for
biotinylating antibodies because carbohydrate groups are located on F¢ region that is
far away from antigen-binding sites. Thus long-armed carbohydrate directed
biotinylation reagents may be better to preserve immunoreactivity and avidin-

binding sites of biotinylated Mabs.
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Figure 2.10. In vitro confirmation of biotinylation of Mab B27.1 using CLSM.

The green label on the surface of the ovarian cancer cells confirms that the
biotinylated Mab B27.1 targets OVCAR cells and directs SA-FITC (green label) to
the surface of ovarian cancer cells via biotin-streptavidin cross-linking. Without the
biotinylated antibody, the SA-FITC could not bind to the OVCAR cells by itself.
resulting in no green fluorescence. Although losing partial binding activity (about
30%), biotinylated Mab B27.1 still targets the OVCAR cells under low concentration
(3.3ug/mL) and short incubation time (1hr). indicating that the fluorescence

technique is more sensitive than the normal ELISA technique.
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CHAPTER 3

BIOTIN TRANSPORT IN OVARIAN CANCER CELLS

3.1 INTRODUCTION

Since the bispecific monoclonal antibody was under development. we planned to use
a biotinylated monoclonal antibody as a pretargeting agent. followed by adding
streptavidin conjugated with FITC and biotinylated liposomes to demonstrate the in
vitro targeting. Thus exogenous free biotin may compete for the biotin binding sites.
resulting in inhibition of liposome targeting. In order to estimate the effect of
exogenous biotin and investigate the alternative transport mechanism of biotinylated
liposomes to ovarian cancer cells, we first designed and studied a biotin transport
experiment in ovarian cancer cells. Additionally, a simple ELISA method was
developed to monitor very low biotin concentrations in mouse ascites for the future
in vivo application to estimate the exogenous biotin effect on the inhibition of

targeting.

3.1.1 Quantitative Measurement of Biotin Content

Several techniques are reported to determine biotin content, including radioassays.
enzymatic assays, fluorescent assays, and chemiluminescent immunoassays (Lin HJ
et al., 1977; McCormick DB er al., 1970; Mock DM e al., 1985, 1996). The 2-(4'-
hydroxyazobenzene)-benzoic acid (HABA) assay is a very common and traditional

assay to determine biotin content with better reproducible results (Green NM 1970).
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However. a HABA assay is not useful for determining biotin content in human
plasma or mouse ascites with very low biotin concentration. Therefore. we
developed a sensitive and simple ELISA method to determine biotin content at low

concentration for the future in vivo application.

3.1.2 Biotin Transport

Biotin concentration in human plasma is very low (0.5nM—-10nM. Guilarte TR 1985-
Mock DM er al, 1992; 1996). However. biotin plays an important role in
carboxylase enzyme systems that catalyze metabolic reactions to produce
carbohydrate. amino acid, and lipid. Thus biotin is a critical element for cellular
function. Biotin transport mechanisms have been studied by many investigators in
the intestine, kidney, and liver cell lines (Said HM e al.. 1998: Ma TY ef al.. 1994:
Debra W er al.. 1991: Ramaswamy K er al., 1990; Chatterjee NS er al, 1999).

resulting in the following conclusions:

* Biotin uptake mechanism is Na’, temperature, and energy-dependent. a carrier
mediated mechanism. and is saturable as a function of concentration.

* Biotin uptake inhibitors. including biotin analogs (biocytin. biotin methyl ester.
diaminobiotin) with a free carboxy! group at the valeric acid moiety will greatly
inhibit the biotin uptake.

® The Vmax value is changed with different cell lines. However. the Km value is
relatively stable as listed in Table 3.1.

e If the cells are grown in a biotin-deficient medium. the Vmax is 258% higher
than the cells that are grown in a biotin-sufficient medium. perhaps due to
upregulation of biotin transport. However. there are no significant differences

between the Km values.
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Organs Km Value

Intestine 5-15uM
Liver 1.2-20uM

Kidney 28-50uM

Placenta 21-26uM

Table 3.1 Km values of biotin transport in different cell lines. Sources: Said HM
etal, 1998: Ma TY etal, 1994; Debra W et al.. 1991: Ramaswamy K er al.. 1990:
Chatterjee NS er al.. 1999

Not much research has been done related to cancer cell lines with respect to biotin
uptake. In our project, we plan to test if the same transport mechanism exists in
ovarian cancer cells. to benefit further studies on the transport mechanism of

biotinylated liposomes.

The simple way to determine the biotin kinetic data is to make a Michaelis-Menten
plot. a commonly used method in enzyme kinetics. An enzyme catalyzes the
chemical (the substrate) to produce another chemical (the product). The reaction

equation is shown below.

E+S—AH s ES S L E4p

S
K.

v

E=Enzyme S=Substrate ES=E and S binding together P= Product

At the beginning of the reaction, the concentration of product increases quickly with
the time and finally reaches a plateau. Some assumptions are identified to simplify
analysis. For example, ES concentration is stable during the reaction. and the
concentration of a substrate exceeds the concentration of an enzyme. On the basis of
these assumptions, the Michaelis-Menten equation is used to plot a curve with

enzyme velocity against the substrate concentration (see Figure 3.1).
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Vmax

Enzyme Velocity

Concentration of The Substrate

Figure 3.1 Enzyme velocity as a function of the concentration of a substrate

Velocity =V = Vma [S]
[S1+ K,
[S] = Concentration of a substrate
Vmax = The largest velocity that substrate concentration can reach as it is shown in
Figure 3.1. Usually Vmax is expressed in mol/mg protein/min
Km = The concentration of substrate that leads to half-maximal velocity. Usually

Km is expressed in molar units.

To further simplify the procedure for calculating the Vmax and Km., Figure 3.2 is
used for many kinds of enzymes and the parameters are shown in it. A plot of
l/velocity against 1/[substrate] is linear. Since a biotin is analogous to an enzyme. its
transport kinetics can also be analyzed using the above approaches shown in Figure
3.1 and 3.2.
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1/Velocity
44— Slope = Km/Vmax

-1/Km

I'Vmax

1/[Substrate]

Figure 3.2 The 1/velocity as a function of the 1/[substrate]

3.2 MATERIALS AND METHODS

3.2.1 Determination of Biotin Content Using HABA Assay

3.2.1.1 Materials

* 2mL HABA/avidin reagent: 0.121mg of 4-hydroxyazobenzene-2-carboxylic acid

(HABA) (MW 242.2D) and 0.4mg of avidin (one unit will bind 1.0pg of D-

biotin) were dissolved in 2mL of PBS buffer in a glass tube to obtain 0.25mM

HABA in PBS buffer containing 0.2 mg/mL of avidin. This reagent can be
purchased from Sigma St. Louis MO.

* Serial biotin concentrations as standard samples: 1mg of biotin was dissolved in

ImL of PBS buffer as a stock biotin solution. Serial standard biotin

concentrations were prepared in the range of 0-400uM.
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o  Unknown samples: RPMI-1640 medium. biotin-free medium and 4 samples from

mouse ascites.

3.2.1.2 Methods

A HABA (4 - hydroxyazobenzene - 2’ - carboxylic acid) assay was used to
determine biotin contents in unknown samples. PBS buffer was put in a cuvette as a
blank sample to establish the baseline in the spectrophotometer at 500nm. ImL of
HABA/avidin reagent was pipetted to Icm cuvette and measured at 500nm to obtain
absorbance A; Subsequently. 50uL of serial biotin standard samples (range
0-400uM) were added to this HABA/avidin reagent to obtain the biotin test
concentration at G—20uM range. These test concentrations were measured at 500nm
again to obtain absorbance A,. In the meantime. unknown samples and the negative
control (PBS bufter) sample were monitored using the same method as for standard
biotin samples. The biotin concentrations in unknown samples were calculated by

interpolating from the biotin standard curve.

An alternative method to obtain a biotin standard curve is described below. After
using a blank sample to establish the baseline in the spectrophotometer at 500nm.
2mL of HABA/avidin reagent was added to a lcm cuvette and measured at 500nm to
obtain A;. This HABA/avidin reagent was pipetted back to a glass tube and 1l
biotin stock solution at Img/mL was added using SuL syringe (biotin test
concentration is 2uM). After mixing it completely. this HABA/avidin reagent was
pipetted to lcm cuvette and measured to obtain A, This HABA/avidin reagent was
pipetted back to the glass tube again and another 1uL biotin stock solution at
Img/mL was added (biotin test concentration is 4uM). After a thorough gentle
mixing, this HABA/avidin reagent was pipetted to Icm cuvette and measured to
obtain A;. The procedure was repeated until biotin standard curve was finished to
produce a 1-20uM range. The advantage of this procedure was that smaller amounts
of HABA/avidin reagents were used and it was a simple operation. The disadvantage

was that the error of small volume pipetting could be higher. However, the results
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were quite similar, indicating this method was desirable and a HABA assay method

was reproducible when sample volume was small.

3.2.2 Determination of Biotin Content Using an ELISA Technique

3.2.2.1 Materials

10ug/mlL_Biotin-BSA solution: Original biotin-BSA solution (Img/mL) was

1:100 diluted using a PBS buffer to obtain 10ug/mL biotin-BSA solution.

1% dialyzed BSA: Img of BSA was dissolved in 100mL of PBS and dialyzed

against 1L of PBS buffer to reduce the biotin content. The dialysis solution was

changed 3 times at 12 hr intervals.

SA-HRPO_ solution: (streptavidin conjugated with horseradish peroxidase).
Original SA-HRPO solution (Img/mL) was 1:1000 diluted using 1% dialyzed
BSA. 1% dialyzed BSA was used to dilute the sample and avoid SA-HRPO

binding to the glass wall.

TPBS buffer: 0.05% Tween was added to the PBS buffer to obtain a surfactant
based phosphate-buffered saline solution (TPBS).

Biotin standard samples (serial concentrations)

» 4pM-0.4uM series
Stock biotin solution: 1mg of biotin was dissolved in ImL of PBS buffer to

obtain biotin concentration at Img/mL.

The stock biotin sample was 1:1000 diluted to obtain the concentration at
Img/L=4uM. Series were prepared using 10 fold dilutions to obtain biotin

concentrations of 0.4uM, 0.04uM, until 0.4pM.



» 0.4nM-51.2nM series

128uL of 0.4uM biotin sample was dissolved in 1mL of PBS buffer to obtain
the biotin concentration at 51.2nM. A series was prepared using doubling
dilutions to obtain biotin concentrations of 51.2nM. 25.6nM. 12.8nM. until
0.4nM.

» 10nM-27.5nM series: 2.5 intervals
Biotin concentrations of 10, 12.5, 135, 17.5. 20, 22.5. 25. 27.5nM series were

prepared.

» 10nM—45nM series: 5 nM intervals

» I1nM-8nM series: 1nM intervals

Unknown samples

» Regular RPMI medium samples
1:1. 1:10, 1:100, 1:1000, 1:10000 dilution series
1:30, 1:50. 1:80 dilution series for the detailed studies
» Four mouse ascites samples named 2-1. 2-2. 3-1. 3-2

1:1. 1:10. 1:100 dilution series

Positive control:
PBS buffer 160uL. instead of biotin samples. was incubated with 180uL of SA-
HRPO and the other procedures were done the same as for the experimental

samples.
Negative control:

PBS buffer was used as a negative control. All the other procedures were done

the same as for the experimental samples.
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3.2.2.2 Methods

An ELISA technique was used to determine biotin contents in unknown samples. A
standard 96-well ELISA plate (NUNC, Naperville. IL) was coated with 100uL of
biotin-BSA at 10pg/mL and incubated overnight at 4°C. The plate was washed with
TPBS buffer 3 times and blocked with 200pL of 1% BSA for lhr at room
temperature. After washing with TPBS buffer 3 times. 160uL of biotin standard
samples or unknown samples were incubated with 180uL of SA-HRPO at room
temperature for lhr to ensure that biotin binding sites had already been completely
bound to SA-HRPO. This mixture was added to the biotin-BSA pre-coated ELISA
plate with 100uL/well in triplicate and incubated for 1hr to facilitate the free SA-
HRPO to bind pre-coated biotin-BSA. After washing 3 times to remove the unbound
SA-HRPO. the color was developed by adding TMB + H>O» and monitored at
650nm using an ELISA reader. The absorbance has an inverse relationship with the
biotin concentration. The biotin concentrations of unknown samples were

determined by manually interpolating from the standard biotin curve.
3.2.3 Biotin Uptake As a Function of the Biotin Concentration
3.2.3.1 Materials

d-[8,9->H(N)]-biotin_reagent: *H-biotin reagent was purchased from NEN Life

Science Inc, Boston, MA with an activity of 1.0mCi/mL. Specific activity was
51.1Ci/mmol and total volume was 250pL. 50uL of aliquots were made and stored at
-80°C. The concentration of this reagent was 20uM and molecular ratio of
tritium/biotin was 1.8. This calculation is shown below. To confirm its value. we use
the relationship between radioactivity and number of radioactive atoms.

Immol = 6.02 x 10%° atom biotin

51.1Ci equal to 1.06 x 10*' atom *H.
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= ——==51.1x3.7x10" x12.3x365 x 24 x 60 x 60 / 0.693

=1.06x10?%

Where:
A = activity in dps
A = decay constant for °H (sec™') = In 2/;»

Thus the atom ratio H : biotin = 1.06 x 10%' /6.02 x 10 = 1.8

HBSS buffer (Hanks ' Balanced Salt Solution): One package of HBSS powder (9.5g)
(GIBCO BRL. Grand Island. NY) and 0.35g of NaHCO; were dissolved in 1L of

distilled water. The pH was adjusted to 7.2 and the solution was filtered through

0.22um membrane to obtain a sterile solution.

500nM _*H-biotin reagent: 50uL of original reagent was diluted 1:40 using a HBSS

buffer to obtain 2mL of 500nM *H-biotin reagent. The activity in this 2mL aliquot

was 50uCi = 1.85 x 10° dps.

50nM *H-biotin reagent: 500nM H-biotin reagent was 1:10 diluted.

3nM ’H-biotin reagent: 50nM *H-biotin reagent was 1:10 diluted.

3.2.3.2 Methods

Experiment |:

. OVCAR-3 (CA125 positive) and SK-OV-3 (CA125 negative) cell lines (ATCC.
Rockville, MD) were grown using RPMI 1640 medium in 75cm’ flasks for 5—10

days until the cells were in their log phase of growth and confluent on the
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bottom. 4mL of 0.25% trypsin-EDTA reagent (GIBCO. Grand Island. NY) was
used to suspend the cells and cell suspension was then centrifuged at 1000rpm
(95g) for 5 min. The cells were counted and viability was determined using 0.4%
trypan blue. Approximately 10’ cells/well were transferred to a 24-well plate to
grow for about 2—4 days until the cells were firmly confluent to the bottom.
During this time. a inverted light microscope was used to monitor cell growth
and the medium was changed if necessary. Three wells of cell samples were
reserved for future protein assays and the others were used to perform biotin

uptake experiments at 37°C.

2. The cells were gently washed twice using a 4°C PBS or HBSS buffer. 200uL of
cold biotin at 50nM—40uM range plus 200uL of 50nM *H-biotin reagent were
added to prepare serial biotin concentrations in a 50nM-20uM range (50nM.
500nM, 5uM, 10uM. 20uM). Thus 400pL of different concentrations
(50nM-20uM) of biotin containing 0.5uCi/well of radioactivity were incubated

with OVCAR or SKOV cells for 1hr.

3. At the end of incubation, the incubation medium was pipetted out and the cells
were gently washed with a 4°C PBS or HBSS buffer three times. The cells were
digested using 0.5mL of IN NaOH and incubated at 70°C for lhr. The cells
were then neutralized with concentration HCL (about 50-60pL) and 200uL of
cell suspension was transferred to a liquid scintillation vial. 10mL of scintillation
cocktail was added and the radioactivity was determined by a liquid scintillation

counter (TRI-CARB 2000CA/LL. Canberra Packard. Canada).

Negative controls are listed below
e The Cells were incubated with no radioactivity. followed by counting in a liquid
scintillation counter. All the other procedures were done the same as for the

experimental samples.
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e The wells with no cells were incubated with 0.5uCi radioactivity. followed by
counting in a liquid scintillation counter. All the other procedures were done the
same as for the experiment samples.

e The wells with no cells were incubated with 1uCi radioactivity. followed by
counting in a liquid scintillation counter. All the other procedures were done the

same as for the experimental samples.
Experiment 2:

Step 1 and step 2 procedures were done the same way as outlined for Experiment 1.
At the end of incubation. the cells were washed three times using PBS or HBSS
buffer. The cells were then resuspended using 0.5mL of 0.25% trpsin-EDTA and
200puL of cell suspensions were transferred to 96-well plate immediately. The
Harvester 96 (TOMTEC INC., Hamden. CT) was used to harvest cells on a liquid
scintillation film. followed by counting in a 1450 Microbeta (Liquid scintillation

luminescence counter. Wallac TRILUX).

Experiment 3:

3H-biotin (5nM. 50nM. 500nM) without any cold biotin was incubated with ovarian
cancer cells. Activities were 0.05uCi/well. 0.5uCi/well and SuCi/well respectively.

The other procedures were done the same as in Experiment 1.

3.2.4 Protein Assay

3.2.4.1 Materials

Dye reagent: 1 part of original dye reagent (Bio-Rad, Hercules. CA) was diluted with
4 parts of distilled water.
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BSA standard samples (30ug—-3500ug/mL serials): BSA serial concentrations were

prepared using a PBS buffer at range 50ug-500ug/mL.

Unknown samples: The OVCAR or SKOV cells were resuspended using 0.5mL of

PBS to obtain 1:1 dilution samples. 1:10 and 1:100 dilution samples were also

prepared.
3.2.4.2 Methods

10uL of BSA standard samples and unknown samples were added to a 96-well
ELISA plate. followed by addition of 200uL of dye reagent to develop the color.
After 10min incubation on a shaker at room temperature, the color was determined at

595nm using an ELISA reader.

Five agents (0.25% trypsin-EDTA, 0.4% EDTA. HBSS. PBS or cell scraper) were
tested to resuspend the cells respectively and monitored under a light microscope.
Since 0.25% trypsin-EDTA and HBSS need to centrifuge to remove the extra
protein, PBS buffer with the help of a scraper was chosen for protein assay in my

experiment because of simplicity.
3.2.5 Calculation of the Counting Efficiency of a Liquid Scintillation Counter

Standard known activities (111dpm. 1110dpm and 11100dpm) of *H-biotin reagent
were added to 10mL scintillation cocktail and counted using a liquid scintillation

counter to calculate the counting efficiency.

3.2.6 Calculation of the Counting Efficiency of a Microbeta

Standard known activities (111dpm, 1110dpm and 11100dpm) of *H-biotin reagent
were pipetted with a SuL. Hamilton syringe to the liquid scintillation film and

counted using a 1450 Microbeta to calculate the counting efficiency.
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3.2.7 Biotin Uptake As a Function of the Incubation Time

Experiment |:

OVCAR cells were cultured and transferred to a 24-well plate in the same way as
above. Biotin uptake experiments were performed at 37°C. Serial concentrations of
biotin (50nM-500uM) containing 0.5uCi *H-biotin were incubated with OVCAR
cells for 1Thr—4hr. At the end of incubation, the medium was removed and the cells
were gently washed 3 times using PBS or HBSS buffer. The cells were resuspended
using trypsin-EDTA and transferred to a 96-well plate. The Harvester 96 (TOMTEC
INC, Hamden. CT) was used to harvest cells on a liquid scintillation film. followed
by counting in a 1450 Microbeta (Liquid scintillation luminescence counter. Wallac

TRILUX). Negative controls were same as before.

Experiment 2:

*H-biotin 5nM-500nM without any cold biotin was incubated with OVCAR cells for
0.5, 1.5. 4. 24 hr respectively. The other procedures were done the same as in

Experiment 1.

Experiment 3:

SKOV cells were cultured and transferred to 24-well plate in the same way as
described above. Biotin uptake studies were performed at 37°C using serial
concentrations of *H-biotin (5SnM, 50nM) and incubated with SKOV cells for 0.5hr.
1hr. 2hr, 4hr respectively. At the end of incubation, the cells were washed. digested.
neutralized. and counted using a liquid scintillation counter. Negative controls were

same as before.
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3.2.8 Determination of Vmax and Km

OVCAR and SKOV cell lines were cultured in the same way as above. However.
10°cells/well were transferred to a 6-well plate and were grown for 2-4 days. Biotin

uptake experiments were performed at 37°C.

The cells were washed three times using PBS or HBSS buffer at 4°C. 400uL of
different concentrations of biotin (50nM. 100nM. 200nM. 400nM. 800nM. 1600nM.
10puM. 20uM) with activity (1uCi/well) were incubated with OVCAR and SKOV
cells for 10min. At the end of incubation. the cells were washed. digested.
neutralized, and counted in a liquid scintillation counter using the same method as

described before.

3.3 RESULTS AND DISCUSSION

3.3.1 HABA Assay

The HABA assay is commonly used to detect biotin at uM concentration. HABA can
bind to avidin with an affinity constant of 6 x 10° M to produce a maximum
absorption at 500nm. When biotin exists in this HABA/avidin complex solution.
biotin-avidin complex with high affinity (10"*M™) replaces the HABA binding sites
and results in decreasing the absorbance proportionally to the biotin concentration.
Thus a biotin standard curve is obtained by plotting absorbance against the biotin
concentrations. The biotin concentration of the unknown sample was determined by
interpolating the biotin standard curve. Without a biotin standard curve. biotin
concentration of unknown samples can also be calculated using formula (1) below

(Green NM 1970).
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_ 2 I
4-A4WV+2)2 (1)

biotin] = M
[biotin] 34

A; = absorbance of HABA/avidin reagent
Az = absorbance of adding biotin samples

V= volume of biotin samples
If V <0.2mL, the factor (V+2)/2 may be ignored and formula (2) 1s obtained.

[biotin] = (A|- A;)/34 = AA/34 (mM) = 10°AA/34 (uM) ()
Normally, when V is smaller than 0.2mL. formula (2) can be used to simply

calculate biotin concentration. 1uM biotin decreasing absorbance 0.034 can be

figured out from formula (2). The biotin standard curve is shown in F igure 3.3.

0.9
y =-0.0335x + 0.8872

0.8
2 = 0.9921
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Figure 3.3 Biotin standard curve using HABA assay




HABA assay is used to detect biotin range at 1-20pM. When biotin concentration
increases to 18uM, the color of HABA/avidin reagent is changed from orange to
yellow, indicating that most of the HABA binding sites have been replaced by the
biotin. The curve is linear at range 1-20uM and biotin concentration has a reverse
relationship with the absorbance. The slope of the standard curve is 0.0335
indicating that 1uM biotin will decrease absorbance 0.0335. which matches with the

result (0.034) from the formula (2).

The sensitivity of this method is IuM (Green NM 1970) indicating that AA should
be greater than 0.034 to be accurately calculated using this method. If 50uL of the
biotin sample is added to 2mL of HABA/avidin reagent. then original unknown
sample concentration should be greater than 40uM for accurate calculation. The
calculation is shown below.

Original Con.C = 2mL x 1uM/50uL = 40uM

Thus the lower detectable limit is 40uM in the 50uL sample volume.

If the AA is below 0.034 or if the biotin concentration of unknown samples is below
the sensitivity (40uM), what will happen if we still use the HABA assay? Table 3.2
shows the results of unknown samples in mouse ascites using a HABA assay.
Although we can obtain AA and calculate the biotin concentration using the formula
(2). the results are not reliable compared with the following ELISA results (Table

3.4). An ELISA method was developed for low biotin concentrations.
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Method Mouse Ascites Samples Mean Biotin ConC. (uM)

ImL 2-1 35
HABA/avidin 2-2 9
reagent 3-1 40
3-2 27
2mL 2-1 23
HABA/avidin 2-2 14
Reagent 3-1 18
3-2 13

Table 3.2 Determination of the biotin concentration in unknown samples using
a HABA assay. Although the biotin concentrations can be theoretically calculated.
the results are not reliable compared with the following ELISA results (Table 3.4)
because the biotin concentrations are below the sensitivity. Even the same method.
different HABA/avidin reagent, we will obtain different results. indicating that the

biotin content in mouse ascites are below the sensitivity of this HABA assay.
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3.3.2 Determination of Biotin Content Using an ELISA Technique

Since the ELISA technique was found to be more sensitive than the UV
spectrophotometer. a simple ELISA technique was developed to monitor the low
biotin concentration in mouse ascites for the planned future in vivo applications. For
this assay, biotin-BSA was used as a solid phase to capture agents. After blocking.
the mixture of biotin samples with SA-HRPO were added. where only free SA-
HRPO could bind to a precoated ELISA plate. After a washing step to remove the
unbound reagent. the color was developed by adding TMB + H-0,, in which TMB
reacts with HRPO to produce a deep blue color in the presence of H.0» Thus the
absorbance was proportional to free SA-HRPO and had an inverse relationship with
the biotin content in the original samples. The method was simple and the results

were reliable.

Figure 3.4 shows the first results of a standard curve with a wide range
(4pM—-0.4uM). When the biotin concentration was higher than 40nM. the absorbance
had a low plateau. Similarly, when biotin concentration was lower than 4nM. the
absorbance had a high plateau. Based on this preliminary data, narrow increasing
ranges at 0.4nM-51.2nM, 10-30nM, 1-8nM were studied and the 10-30nM results
are shown in Figure 3.5 and Figure 3.6. The figures show that biotin concentrations
in the range of 17.5-25nM may be linear (Figure 3.6 and Table 3.3). A linear
regression analysis was performed by selecting different data sets from the biotin
concentration range of 17.5-30nM to find the linear portion of the curve. The R*
value was used to locate the linear part of the curve. where R> is more close to 1.

indicating that it is more linear.
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Figure 3.6 Biotin standard curves using an ELISA technique for biotin

concentrations ranging from 17.5-27.5nM.
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Linear Range (nM) Formula R’

ELISA 1 17.5—25 Y =-0.058 X +2.60 0.9141
17.5—27.5 Y =-0.066 X +2.75 09518

17.5—30 Y =-0.091 X +3.27 0.8963

ELISA 2 17.5—25 Y =-0.064 X +3.11 0.9452
17.5—27.5 Y =-0.093 X +3.70 0.8991

17.5—30 Y=-0112X+4.08 0.9249

Table 3.3 Comparison of the formula and R’ value in different range of biotin

standard curve using an ELISA technique.

Biotin contents in the unknown samples were estimated by extrapolating from a
biotin standard curve in Figure 3.5. The average results are listed in Table 3.4. The
concentration of biotin in the RPMI-1640 medium was determined using serial
dilutions to move the biotin concentration into the linear portion (17.5-27.5nM) of
the curve (Figure 3.6). The mean biotin concentration in RPMI-1640 medium was
825 £ 9.2 nM. which matched with the expected result 0.2mg/L = 819.7 nM biotin in
Sigma Chemical Company. When comparing biotin in mouse ascites using a HABA
assay and an ELISA technique, the results of the HABA assay were not reliable
because the biotin in mouse ascites was below the sensitivity of the HABA assay.
Even using the more sensitive ELISA assay. the ascites levels were found to be

<10nm in all four samples. where the sensitivity of the ELISA was 10nM.

Sample Average Biotin Concentration
RPMI-1640 medium 825+9.2 1M
Mouse ascites samples

2-1 <10nM

2-2 <10nM

3-1 <10nM

3-2 <10nM

Table 3.4 Determination of biotin concentration in unknown samples using an
ELISA technique.
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In summary, the HABA assay is a simple method for biotin assay at the range of
1-20uM. The sensitivity or minimum detectable limit for this method was 1uM.
Formula (2) can be directly used to calculate the biotin concentration in unknown
samples instead of extrapolating a biotin standard curve. If the sample concentration
IS near to sensitivity limit (40uM) or AA is iess than 0.034. the results of this HABA
assay are not reliable. Biotin concentration in unknown samples should be above

40uM for accurate measurement.

The ELISA method is a more sensitive method than HABA assay. The sensitive
region of the standard cure (Figure 3.5) range was 10-30nM. One disadvantage of
this method is that the biotin standards should be run at the same time as the

unknown samples because the ELISA is very sensitive method.

3.3.3 Biotin Uptake As a Function of the Biotin Concentration

The counting efficiencies of a liquid scintillation counter and 1450 Microbeta are 44.4 +

2.1% and below 20% respectively. The results are shown on Table 3.5.

Measured activity(cpm) Input activity(dpm) Counting efficiency(%)

513 1110 46.2
528 1110 476

4701 11100 42 4

4716 11100 42.5

49132 111000 443

48358 111000 43.6

Mean 44 4 + 2 1

Table 3.5 Calculation of the counting efficiency of liquid scintillation counter.
Mean counting efficiency is 44.4 + 2.1%. All samples have been corrected for

background (15 cpm).
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In Table 3.6. absolute uptake amounts are 218. 470. 1772 cpm and relative uptake percents
are 0.414%, 0.092% and 0.036% respectively. The biotin uptake rates as a function of
biotin concentration are shown in Figure 3.7. With the addition of cold biotin. the uptake
of *H-biotin is reduced to near background levels when total biotin concentrations are
greater than SuM. Therefore, only the first 2 data points for the *H-biotin plus cold biotin
concentrations from Table 3.6 are plotted in Figure 3.7. The extra cold biotin
concentration (> 5uM) can inhibit the uptake of *H-biotin and the effect was observed by
others (Said HM er al., 1998: Ma TY et al., 1994: Debra W et al.. 1991). If we use the
specific activity ratio to calculate the rate of biotin transport. the rate was found to increase
similarly to research studies using intestine cell lines. The results are shown in Table 3.7

and Figure 3.8. The uptake percentage (0.2-0.4%) is low in ovarian cancer cells.

It appears that biotin uptake in ovarian cancer cells is a saturable and carrier mediated
mechanism increasing as a function of concentration and inhibited by extra unlabeled
biotin (>5uM). The ratio of cold biotin to hot biotin (no more than 20) was used for Vmax
and Km determination. Biotin uptake amounts were corrected for counting efficiency and

protein amounts. The biotin uptake rate vs. biotin concentration in SKOV cells is shown in

Figure 3.7.
Uptake Activity Activity Added Uptake efficiency
cpm dpm %
218 111000 0414
470 1110000 0.092
1772 11100000 0.036

Table 3.6 Calculation of the uptake efficiency in SKOV cells
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""Biotin concentration
Activity (without cold biotin)

5nM

50nM 500nM

196 416 1764 - - -
average activityl 218 470 1772 -- - --
SD| 31.1 76.4 11.3 -- - -
Activity (with cold biotin) - 260 216 132 120 180
- 244 96 188 108 192
average activity| - 252 156 160 114 186
SD| - 113 849 39.6 8.5 8.5
Activity (based on correction - 504 1560 16000 22800 72000

for specific activity)

NOTE: The unit of activity is cpm

Table 3.7 Original data for biotin uptake amount vs. biotin concentration in SKOV

cells using a liquid scintillation counter. Without cold biotin. when the concentration of

*H-biotin increases. the uptake of biotin increases as well.
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Figure 3.8 Biotin uptake vs. biotin concentration in SKOV cells (with cold
biotin). Biotin uptake ratio with biotin concentration corrected for the cold

biotin/hot biotin ratio.
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3.3.4 Protein Assay With Bio-Rad Reagent

The protein assay standard curve is shown in Figure 3.9. The equation was obtained by a
linear regression analysis (Microsoft, Excel 1997). Since this assay is sensitive. the
standard curve was prepared for individual experiment instead of using an extinction

coefficient.

The protein concentration and cell numbers were monitored using a protein assay and
hemacytometer before and after the biotin uptake experiments. The protein concentrations

were in the range of 0.1-0.2 mg protein/well and cell numbers were 10°~10° cells/well.

0.7 -
0.6 -
£ y =0.0011x + 0.0266
c 0.5 - R? = 0.9925
n
(o]
wn
w 0.4 -
3
& 0.3 -
£
2
2 0.2 -
<
0.1 - ;
0.0 T T T T T 1
0 100 200 300 400 500 600

BSA concentration (ung/mL)

Figure 3.9 Standard curve for protein assay using Bio-Rad reagent.

95



3.3.5 Biotin Uptake As a Function of the Incubation Time.

The original data of biotin uptake amount vs. incubation time is shown in Table 3.8 and

results are shown in Figure 3.10 for the OVCAR cells. The uptake amount of 1.5hr

incubation was significantly different from that of 0.5hr incubation in OVCAR cells

(ANOVA, p < 0.05). However. 4hr incubation was not significantly different from 1.5 hr

incubation (ANOVA. p > 0.05). Increasing incubation time up to 24hr. uptake amounts

were not significantly different compared to 1.5 hr incubation (ANOVA. p > 0.05).

Therefore. the 1.5-2hr incubation was used for the uptake experiment. As shown in Table

3.9 and Figure 3.11. an incubation 1.5-2hr appeared adequate for the SKOV cells as well.

Conc. of 5 50 500 5000 | 50000 {500000
biotin (nM
Radioactivity Cold biotin -- 325 30 52.5 35 20
(dpm) 0.5hr
With cold biotin |Cold biotin - 325 27.5 425 15 25
1.5hr
Radioactivity 0.5hr 17.5 45 70 -- -- -
(dpm) 1.5hr 75 72.5 112.5 -- - --
Without cold biotin 4hr 35 60 117.5 - - --
23hr 70 92.5 1125 - - -

Table 3.8 Original data for biotin uptake amount vs. incubation time in

OVCAR cells. Background is about 8 cpm. These data repesent the mean of

duplicate sample repeats.
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Biotin uptake amount fmol/mg protein/h

30.0

-x-0.5hr -~ 1.5hr

20.0 -
15.0 -

10.0 +

5.0

I

0.0 -
1 10 100 1000

Concentration of Biotin (nM)

Figure 3.10 Biotin uptake rate vs. incubation time in OVCAR cell lines using a

1450 Microbeta. The 1.5-2hr incubation was enough for this uptake experiment.
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Experiment (cpm) Time 1 2 3 mean SD

Indication
‘Experiment |50nM 4hr 702 892 856 874 255
785 37.0

samples 2hr 826 754 775
thr 632 531 516 560 63.1
0.5hr 187 136 88 137 495
5nM 4hr 80 - -- 80 0.0
2hr 52 - - 52 0.0
1hr KR 74 -- 53 0.0
0.5hr 14 23 - 19 6.4
Negative cell+no radioactivity | 1hr 13 16 -- 15 -
controls no cells + 5nM 1hr 13 12 - 13 -
no celis + 50nM 1hr 10 15 -- 13 -

Table 3.9 Original data for biotin uptake amount vs. incubation time in SKOV

cells using a liquid scintillation counter.
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Biotin uptake (fmoles/mg protein) for 50nM biotin

400 1 T35
350 h + 30
300 A
T 25
250 A
T 20
200 A
T 15
150 A
-
50nM Lo
100 - 5nM
m - T 5
0 T T T 0
0 2 Time (hr) 3 4 5

Figure 3.11 Biotin uptake kinetics vs. incubation time in SKOV cells using a

liquid scintillation counter.
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3.3.6 Determination of Vmax and Km

On the basis of previous studies, biotin concentration (50nM-800nM). | puCi/well activity.
10min incubation, and 6-well plates were chosen for Km and Vmax determination. The
original counting activities were significantly higher than background (20cpm). The
results are shown in Figure 3.12 and 3.13 for SKOV and OVCAR cells. The uptake
activities were corrected for counting efficiency and protein assay results. The statistical
analysis for linear regression was performed using the statistics program (Microsoft. Excel
1997). Vmax and Km are 51 + 7.1 pmol/mg protein/10min and 1.9 + 0.2 UM respectively
in OVCAR cell lines and 8.5 + 1.3 pmol/mg protein/10min and 1.3 + 0.4 uM respectively
in SKOV cell lines. The biotin accumulation in OVCAR cell is higher than that in SKOV
cell using shown by their Vmax values. Additionally. the concentration of biotin that leads
to half-maximal velocity in OVCAR cell is a little higher than that in SKOV cell. The
transport mechanism appears to be a carrier mediated and saturable as a function of
concentration as shown in Table 3.6. Biotin uptake amount was dependant on incubation

time and biotin concentration.
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CHAPTER 4

BIOTINYLATED LONG-CIRCULATING LIPOSOMES
AND IN VITRO TARGETING STUDIES USING
CONFOCAL LASER SCANNING MICROSCOPY

4.1 INTRODUCTION

In this chapter, we propose to confirm the specific binding ability of biotinylated
long-circulating liposomes to human ovarian cancer cells using biotinylated anti-
CA125 monoclonal antibody as a pretargeting agent. The biotin-streptavidin system
was used to connect this biotinylated Mab to the biotinylated liposomes and confocal
laser scanning microscopy (CLSM) was used to monitor the binding characteristics
(McQuarrie SA er al.. 2001: Xiao Z et al., 2001).

4.1.1 Liposomes

Normally. phospholipids, cholesterol, and charged lipids are the main components of
liposomes. Several methods have been used to prepare liposomes, including
sonication (Zhang L er al., 1997), French pressure (Brandl M er a/.. 1990). detergent
dialysis (Schwendener RA 1986), ether injection, ethanol injection (Betageri GV er
al., 1993), and extrusion (Hope MJ et al., 1984). Many studies demonstrate that

extrusion is a better protocol to prepare liposomes over the other techniques as
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summarized below (Mayer LD et al., 1985; Mayer LD er al.. 1986: Hope MJ et al..
1984).

The disadvantage of sonication is moderate overheating. The disadvantage of French
pressure is elevated pressures. These disadvantages result in degradation of
phospholipids and problems in the stability of liposomes. Ether injection. ethanol
injection, and detergent dialysis include organic solvents. detergents. surfactants. and
emulsifiers. which cause problems in the stability and homogeneous size distribution

of liposomes. Some advantages of extrusion are listed below:

e Lipid solutions are maintained in mild conditions. low pressure. with no organic

solvents to damage the liposomes.

® The pore size of the polycarbonate filters is defined. facilitating homogeneous
size distribution in a simple and rapid way.
® Extrusion can be used over a wide range of lipid concentrations (0-400mg/mL

lipid) with high loading efficiencies (80%).

Different liposomes have specific targeting ability to different cell lines as described
more completely in Section 1.6.2. In this chapter. we plan to comfirm the specific
binding ability of our biotinylated long-circulating liposomes to human ovarian

cancer.

4.1.2 Confocal Laser Scanning Microscopy

Confocal laser scanning microscopy (CLSM) was first described by Marvin Minsky
in 1957 (Marvin Minsky 1957). This invention did not obtain wide recognition until
about 30 years later when CLSM was accepted as a potential tool in biological

research on subcellular structure, function, and physiology (Marvin Minsky 1988).

Conventional light and electron microscopy have their own limitations. Light

microscopy can view living cells, but with low resolution. The planes below and
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above the focal plane are also illuminated. This wide focal plane obscures important
structures of interest. particularly in thick specimens with overlapping structures.
Electron microscopy can view ultrastructural details. but damages specimens and the

samples need to be fixed (Brian M er al., 1993).

CLSM has several advantages over conventional light microscopy and different uses

than electron microscopy. The principles of CLSM are shown in F igure 4.1.

Confocal pinholes

Dichroic mirror

Detector

Objective lens

__ Focal plane
------- Not in focal plane

Figure 4.1 A schematic representation of confocal laser scanning microscopy



A laser provides the excitation light to pass through a dichroic mirror and objective
lens, resulting in illumination of a small spot of a fluorescent dye-labeled specimen
(focused spots as small as 0.25 um in diameter and 0.5 um deep). The fluorescent
dye absorbs the excitation light and emits fluorescent light at a higher wavelength.
The desired fluorescent light from the focal plane returns through the objective lens
and is reflected by the dichroic mirror, passed through a pinhole, and collected by a
photomultiplier detector. The scattered light outside the focal plane is reflected by
the dichroic mirror but is obscure to the photomultiplier. since it does not pass
through the pinhole. Thus. the light signals from the out-of-focus planes do not

contribute to the image, resulting in high clarity and resolution.

The light signals are transformed into electrical signals by the photomultiplier
detector. The photomultiplier has a photocathode that absorbs the photons and results
in emission of electrons. The electrons are then accelerated under the high voltage to
strike a series of dynodes resulting in production of a shower of electrons. Thus the
light signals are amplified by the photomultiplier and subsequently converted into
digital signals for display on a computer screen. The software programs allow us to
analyze objects by their sizes. location and fluorescence intensity (Shotton DM 1989:
White JG er al., 1990). Additionally, CLSM can sequentially scan different paraliel
planes within the specimen with the help of the laser and objective lens. Stored
images may be reassembled to obtain a three dimensional view of the specimen.

Therefore. we can summarize the advantages of CLSM as shown below.

e It increases image resolution and clarity. especially for the thick specimens.

® CLSM can directly successively scan the specimen without resorting to thin
sectioning and tissue fixation. Specimens can be optically scanned not only in the
xy plane, but also in the xz and yz planes (Shotton DM 1989; Wilson T 1989).
Thus a three dimensional view of the specimen can be reconstructed. which

provides better observation of the structural components of living cells.
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e The CLSM images can be analyzed by their sizes. fluorescence intensity.
numbers of objects in the image, etc. With the help of the computer. quantitative

studies are possible (Centroze V et al.. 1995).

4.1.2.1 Fluorescent Dyes

When a molecule is activated by light. it may emit photons of higher wavelength.
Normally. the molecule absorbs energy and emits a lower energy, resulting in a
longer emitted wavelength than the excitation wavelength. Many different kinds of
fluorescent dyes can be used in confocal laser scanning microscopy (CLSM) if their
emission wavelengths are sufficiently different. Among these. fluorescein and

rhodamine are commonly used.

Fluorescein isothiocyanate (FITC) (excitation/emission at 490/520 nm) is a green
fluorescent dye that is widely used in CLSM because its excitation maximum is close
to the 488 nm spectral line of many lasers. Additionally, it may be highly purified
and it has a high extinction coefficient (Goldsby RA er al., 2000). Many fluorescent
dyes are marketed by Molecular Probes. including fluorescein and sulforhodamine
101 (excitation/emission at 578/593 nm). Sulforhodamine B (excitation/emission at
565/586 nm) was selected for our studies. It has red fluorescence. strong absorbance.
and good photostability (Torchilin VP er al.. 1992). When fluorescent dyes are
coupled to antibodies, the emitted light can be detected by CLSM and the location of

antibodies within biological specimens can be visualized.
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4.2 MATERIALS AND METHODS

4.2.1 Preparation of Biotinylated Liposomes Encapsulated with Sulforhodamine
B

4.2.1.1 Materials

30mM DSPC solution: 1.2-Distearoyl-sn-glycero-3-Phosphocholine (MW 790.15.

Alabaster. AL) 790.15mg was dissolved in 20mL of chloroform to obtain 50mM

DSPC clear solution.

I0mM Cholesterol solution: Cholesterol (MW 386.66) 386mg was dissolved in

20mL of chloroform to obtain 50mM cholesterol clear solution.

ImM DSPE-PEG »q_solution: 1.2-Distearoyl-sn-Glycero-3-Phosphoethanolamine-
N-Polyethylene glycol)-2000 (MW 2748.07. Alabaster. AL) 274mg was dissolved in

20mL of chloroform to obtain SmM DSPE-PEG clear solution.

ImM_DSPE-biotin _solution: 1.2-Dioleoyl-sn-Glycero-3-Phosphoethanolamine-N-
Biotin (MW 992.32, Alabaster, AL) 99mg was dissolved in 20mL of chloroform to

obtain SmM DSPE-biotin clear solution.

Sulforhodamine B solution: Sulforhodamine B 2 mg (Molecular Probes. Eugene.

OR) was dissolved in 4mL water.

All above reagents were stored at 4°C.

4.2.1.2 Methods

Sulforhodamine B labeled liposomes were prepared using a commercial extruder

(Lipex Biomembranes Inc, Vancouver BC, Canada). An 0.8mL aliquot of 50mM
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DSPC solution and 0.4mL of 50mM cholesterol solution were mixed together to
obtain a uniform lipid solution (molar ratio DSPC to cholesterol = 1:2). An extra
4mL of chloroform was added to facilitate formation of a thin film during
evaporation. This homogeneous lipid mixture was transferred to a round bottom
flask and organic solvent was removed under negative pressure by rotary evaporation
for 2hr. A thin uniform lipid film was formed on the bottom of the flask and was
stored in a refrigerator overnight to remove all chloroform solvent. Under heating
and frequent vortexing, the lipid film was completely resuspended with 2mL of
sulforhodamine B solution to produce multilamellar vesicles (MLV). This solution
was stored in a refrigerator overnight to maximize encapsulation of sulforhodamine
B prior to extrusion. The lipid suspension was extruded four times through 0.2um
polycarbonate filters (Nuclepore Corp. Pleasanton. CA). followed by extrusion 10
times with 0.1um and 0.08um polycarbonate filters stacked to facilitate production
of homogeneous unilamellar vesicles (ULV) with an average diameter of about
100nm as determined by dynamic light scattering (BI-90 Particle sizer. Brookhaven

Instruments Inc.). The extrusion temperature was controlled at approximately 50°C.

Biotinylated long-circulating liposomes containing sulforhodamine B were prepared
using similar method as described above. A 1.6mL aliquot of 50mM DSPC solution.
0.8mL of 50mM cholesterol solution. 0.8mL of SmM DSPE-PEG solution. and
0.16mL of 5SmM DSPE-Biotin solution were mixed to obtain a uniform solution
(molar ratio DSPC:Cholesterol: DSPE-PEG:DSPE-Biotin = 2:1:0.1:0.02). The other

procedures are same as above.
4.2.2 Purification of Liposomes Using a Sephadex G50 Column

A Sephadex G50 column is used to separate molecules ranging from 1.5 x 10°- 3 x
10° Da. HEPES buffer (25mM HEPES in 140mM NaCl. pH 7.4) was used to
equilibrate a Sephadex G50 column (bead height 7.5cm. diameter 2.8cm). The
liposome suspension was carefully added to the top of column using a Pasteur

pipette. HEPES buffer was layered on the column immediately after all liposome
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suspension had completely flowed into the bead matrix. The liposomes were
completely separated from unencapsulated dye due to their large size. Fractions were

collected in ImL aliquots and absorbance was monitored at 543nm.

4.2.3 Stability of Liposomes

Liposome fractions were diluted 10 fold using 25mM HEPES buffer and the size
distribution of liposomes was monitored by dynamic light scattering (BI-90 Particle
sizer, Brookhaven Instruments Inc.). Liposome leakage was quantified by Sephadex
G50 column chromatography and ultracentrifugation. Liposome solutions were
stored at room temperature for 4 days, followed by passage on a Sephadex G350
column. The procedure was the same as the purification procedure described above.
Fractions were collected ImL/tubes to quantify the liposome and free dye peaks at
543nm and to estimate the leakage of sulforhodamine B from the liposomes.
Ultracentrifugation was used to separate the liposome suspension and quantify the

absorbance of both supernatant and pellet.
4.2.4 In Vitro Targeting via the Biotin-Streptavidin System Using CLSM

4.2.4.1 Materials

® HBSS solution: one package of HBSS powder (9.5g) (Sigma. St. Louis MO) and
0.35g of NaHCO; were dissolved in IL of distilled water and the pH was

adjusted to 7.2. The solution was filtered through a 0.22pum membrane filter.
¢ Glycerol /PBS solution: glycerol was 1:1 diluted using PBS solution.
4.2.4.2 Methods
OVCAR-3 cell lines (CA-125 positive cell lines) were cultured in 75cm? flasks using
RPMI-1640 medium containing 8% FBS and 1% penicillin-streptomycin. When the

cells were in log phase growth, 4mL of 0.25% trpysin-EDTA (GIBCO, Grand Island.
NY) was used to detach the cells followed by centrifuging at 1000rpm (95g) for
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Smin. The supernatant was discarded and the cell pellet was resuspended using fresh
RPMI 1640 medium. Vortexing was used to resuspend the cell pellet if necessary.
The cells were counted using 0.4% trypan blue and 10’ cells/well were transferred to
a Lab-Tek slide (Nalge Nunc. Naperville IL) to culture for 2—4 days. Cell growth
was monitored with an inverted microscope and the medium was changed as
necessary. After the cells were firmly adherent to the surface of the slide. the cells
were carefully washed 3 times with HBSS to remove exogenous biotin. OVCAR-3
cell lines were incubated with 2ug of biotinylated Mab B27.1 in 600uL of HBSS at
37°C for 1hr to facilitate anti-CA 125 Mab binding to CA125 antigen on the surtace
of the ovarian cancer cells. After washing 3 times with HBSS. 2ug of SA-FITC
solution in 400uL of HBSS was incubated with OVCAR cells at 37°C for 30min to
facilitate SA-FITC binding to the biotinylated Mab B27.1. After washing 3 times
with HBSS. 400uL of biotinylated liposome solution were incubated at 37°C for 2hr.
resulting in biotinylated liposomes binding to SA-FITC. After washing as above. one
drop of 1:1 glycerol/PBS solution was added and the slides were coverslipped.
Fluorescence distribution was monitored by CLSM (Zeiss LSM510. NLO. Jena.
Germany). SKOV cells (CA125 negative cell line) were used as a negative control.
All labeling procedures were the same as above. Another negative control was that
OVCAR cell lines were incubated with SA-FITC and liposomes in the absence of the
pretargeting biotinylated Mab B27.1. The settings of CLSM are listed below:

Beam Splitters MBS: HFT 488/543 primary beam splitter

DBSI: NFT 545 second beam splitter
488/543 excitation wavelengths

Chl LP 560
Ch2 LP 505

Scan mode: Plane 8 bit

Objective: Plan-Neofluar 40 x 1.3 Qil

Pixel image format: 512 x 512

Pixel Time: 2.24us
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4.3 RESULTS AND DISCUSSION

4.3.1 Preparation of Liposomes

Several techniques are used to prepare liposomes and extrusion is the most
advantageous one as described above. We used the extruder (Lipex Biomembranes
Inc. Vancouver BC. Canada) to prepare liposomes. Several factors need to be

optimized to produce the good characteristics of liposomes.

¢ Liposome constituents were dissolved completely in organic solvent to achieve a
uniform lipid solution. The organic solvent was removed by rotary evaporation to
obtain a lipid film as thin as possible. The residual solvent was completely
removed by storing under vacuum or in a fume hood overnight. This is a critical
procedure to achieve stable liposomes.

e The lipid film was resuspended by addition of an aqueous solution under
vortexing and warming. The temperature of resuspension should be above the
transition temperature (Tc or Tm) to facilitate encapsulation of an aqueous
interior. Transition temperature is an important property of a phospholipid
because phospholipid becomes fluid when the temperature is above the Tc point.
Normally. vortexing and maintaining lipid suspensions overnight prior to
extrusion are suggested to achieve homogeneous multilamellar vesicles (MLV)
with high loading efficiency. Resuspending lipid in an ice bath or water bath
alternatively may also increase the loading efficiency.

® MLV are forced through a defined polycarbonate film to yield homogeneous
large unilamellar vesicles (LUV) and small unilamellar vesicles (SUV). Size
distribution is close to that of the polycarbonate film, if multiple extrusions are

done. For example, more than 10 times was used.



Stability is an important characteristic of liposomes. Some factors may compromise
the stability of liposomes, including phospholipid degradation. hydrolysis or
oxidation. liposome aggregates, fusion or leakage. Neutral buffers (HEPES buffer)
are used to reduce lipid hydrolysis. Negatively or positively charged lipids are used
to reduce liposome aggregation and fusion. Saturated fatty phospholipids with high

Tc (DSPCrc = 55°C) can be used to reduce leakage of the aqueous interior.

On the basis of the above considerations. biotinylated liposomes encapsulated with
Sulforhodamine B were prepared by extrusion for in vitro targeting studies.
Liposomes were purified using a Sephadex G50 column. Figure 4.2 shows the
purification profile. indicating that liposomes were completely separated from the

free dye peak. The loading efficiency is 14% and the calculation is shown below.

Loading efficiency (%)

= (Total absorbance of liposome peak / Total absorbance of dye) x 100
=(2.96/21.3) x 100

=14

Figure 4.3 shows the degree of leakage of liposomes after incubation of liposome
suspension at room temperature for 4 days. The Sephadex G50 column was used to
separate any free dye from the liposomes. The leakage was less than 2%. The

calculation is shown below.

Leakage (%)

= (Total absorbance of free dye / Total absorbance of liposomes) x 100
=(0.014/0.74) x 100

=19
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Figure 4.2 Purification of liposomes using a Sephadex G50 column. The first

peak is the liposome peak and the second peak is free dye.
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Figure 4.3 Stability of liposomes during storage at room temperature for 4
days. The free dye peak indicates that dye leakage is less than 2% after

incubating at room temperature for 4 days.



4.3.2 In Vitro Targeting Study

The main project is a novel multistep radioimmunotherapy (RIT) for ovarian cancer.
The long-term goal is to use bispecific monoclonal antibody (BsMab) with two
paratopes (anti-CA125 and anti-biotin) to direct radionuclides encapsulated in
liposomes to ovarian cancer micrometastases. Since the BsMab remained under
development, we first used biotinylated anti-CA125 Mab to direct biotinylated
liposomes to ovarian cancer cells in the in vitro study. Streptavidin was used to

bridge two biotinylated reagents.

In the in vitro targeting study. biotinylated anti-CA125 Mab B27.1 targeted the
CA125 antigen on the surface of OVCAR cells (CA125 positive cells). Streptavidin
conjugated with FITC (SA-FITC. green label) was added as a second step in
targeting. Green fluorescence was used to monitor the binding localization of the
antibody (Figure 4.4). Since biotin has an extremely strong binding affinity to avidin
(Ka =13 x 10°M at pH 5) (Green NM 1963). SA-FITC strongly bound to
biotinylated Mab and resulted in green fluorescence on the surface of ovarian cancer
cells (Figure 4.4). Streptavidin. the bacterial analog of avidin. is an analogous
reagent of avidin to reduce nonspecific binding in many applications. Without
biotinylated Mab B27.1. SA-FITC did not bind to the surface of ovarian cancer cells.
resulting in no fluorescence (data not shown). Therefore, the green fluorescence on
the surface of OVCAR cells indicated that biotinylated Mab specifically targeted the
CAI125 antigen on the surface of cells and SA-FITC bound to biotinylated Mab via
biotin-streptavidin bridging. This result was confirmed by a sensitive ELISA as

described in Section 2.2.6.2 and by flow cytometry.
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Figure 4.4 Biotinylated antibody specifically binds to the surface of OVCAR
cells. The green label on the surface of OVCAR cells confirms that the
biotinylated Mab B27.1 targets the OVCAR cells and directs SA-FITC (green

label) to the surface of ovarian cancer cells via biotin-streptavidin cross-linking.

The scale is shown on the image and average diameter of the cells is

approximately 16um.
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Following binding of biotinylated Mab and SA-FITC to ovarian cancer cells.
biotinylated liposomes containing sulforhodamine B (red label) bound to SA-FITC
via the biotin-streptavidin bridge, resulted in red fluorescence on the cells’ surfaces
(Figure 4.5). The red dye was used to monitor the binding localization of the
liposomes, as a surrogate for radionuclides, upon which the therapy was predicated.
Without biotinylated antibodies. biotinylated liposomes do not bind to OVCAR cells.
resulting in the lack of red fluorescence at the cell membrane (data not shown). Since
the red dye signal was weak, a long incubation time (1hr, 2hr. overnight) was used to
monitor liposome binding. The red dye shows a stronger signal with increasing
incubation times (2hr and overnight). Additionally. biotinylated liposomes were
incubated with SA-FITC for 2hr, following by monitoring this mixture by
fluorescence microscopy. The green and red fluorescence at the same sites indicated
that biotinylated liposomes could target SA-FITC via biotin-streptavidin cross-
linking.

Thus the red fluorescence on the surface of OVCAR cells demonstrated that
biotinylated anti-CA125 Mab could attract biotinylated liposomes to OVCAR cells
via biotin-streptavidin cross-linking. Some preliminary images of internalized
liposomes are shown in Figure 4.6 on the basis of a 12hr incubation. Uptake of
liposomes is possibly due to receptor-mediated endocytosis. or by merger of the
liposomes with the cell membrane. Since some radionuclides can achieve therapeutic
efficacy from outside the cells, internalization of liposomes is not necessary in our

radioimmunotherapy approach.
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Figure 4.5 Biotinylated liposomes specifically bind to the surface of OVCAR

cells. The red fluorescence on the surface of OVCAR cells is used to monitor the
localization of liposomes, indicating that biotinylated liposomes encapsulated
with sulforhodamine B (red dye) target the OVCAR cells via the cross-linking of
the biotin-streptavidin system. The scale is shown on the image and average

diameter of the cells is approximately 16pm.
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Figure 4.6 Preliminary images of biotinylated monoclonal antibody and
biotinylated liposomes. The biotinylated liposomes may be internalized to
OVCAR cells after 12hrs incubation in images 1-3. The green fluorescence is
used to monitor the location of biotinylated Mab and the red fluorescence is used
to monitor the location of biotinylated liposomes. Image 4 is surface labeled after
2hrs incubation. The scale is shown on the image and average diameter of the

cells is approximately 16—18um.




CHAPTERS

SUMMARY AND FUTURE WORK

SUMMARY

Our overall program is on the use of radioimmunotherapy approach as an adjuvant
treatment for ovarian cancer. My specific project in this program is to mainly address
if a) there is a biotin transport system in ovarian cancer cells that could be a potential
alternate mechanism of uptake of biotinylated liposomes and b) free biotin in ascites
and other body fluids would be a competitive inhibitor of the
radioimmunotherapeutic strategy. Since the BsMab is under development. we first
used biotinylated anti-CA125 monoclonal antibody as a pretargeting agent to tag the
ovarian cancer. following by specific targeting of biotinylated long-circulating
liposomes to the ovarian cancer cell in vitro. The following tasks have been

completed in this thesis.

The Mabs B27.1 and B43.13 were successfully produced and subsequently purified
using a Protein G column. Their immunoreactivity and relative affinities were
confirmed by a modified ELISA technique and their purity was characterized by
SDS-PAGE. The relative purity of Mab B27.1 and B43.13 are 88% and 91% as
determined by “ImageJ image analysis™ of SDS polyacrylamide gels. The relative
affinity of Mab B27.1 for CA 125 was approximately 1.6 times higher than that of
Mab B43.13. This is similar to the literature result of 1.6 times (Nustad K er al..
1996).



Mabs B27.1 and B43.13 were biotinylated. The characteristics of biotinylated Mabs
were determined using HABA assay. ELISA. and CLSM techniques. Since the
concentrations of our Mabs were low (about 1mg/mL). a long incubation procedure
(12hr) was used to biotinylate Mabs which is a modification of a previously
described method (Coligan JE et al.. 1998). The HABA assay. ELISA. and CLSM
all confirmed that antibodies had been labeled with biotin. The conjugation ratios of
biotin/antibody are 7.4 and 5.9 for Mabs B27.1 and B43.13 respectively. The
immunoreactivity of our biotinylated antibody was compromised by biotinylation
(about 30%). but it was functional in the in vitro targeting studies. The NHS-LC-
Biotin derivatizes the epsilon lysine residues and some of these may reside in the
antigen-combining region of the antibody. This could be one possible explanation for
the reduced immunoreactivity. Long-armed carbohydrate directed biotinylation
reagents. such as biotin-LC-hydrazide. may be preferable for the future biotinylation

protocol for our Mabs B27.1 and B43.13.

Since we use BsMab, the exogenous biotin may engage the biotin binding site of
BsMab and result in inhibition of liposome targeting. In order to know if exogenous
biotin has effects on our liposome targeting. we developed a sensitive method to
determine the biotin content in ascites fluid. Since the HABA assay has low
sensitivity (1uM. Green NM 1970). a more sensitive ELISA method was developed
to determine biotin content. The biotin standard curve however had a narrow range
of 10-30nM for determining biotin concentrations in unknown samples. The
experimental limits of the biotin detection of the HABA assay and ELISA techniques
were 40uM and 10nM biotin respectively in SOuL samples. Since the concentration
of biotin in the mouse ascites bearing OVCAR cells was less than 10nM. it appears

that free biotin will not be a problem with the targeting design.
Biotin transport was studied to estimate the effect of exogenous biotin and
nonspecific binding of liposomes. Biotin transport kinetic constants were determined

by a Michaelis-Menten plot. The Vmax and Km were 51 + 7.1 pmol/mg protein
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/10min and 1.9 + 0.2uM respectively in OVCAR cells and 8.5 + 1.3 pmol/mg
protein/10min and 1.3 * 0.4 pM respectively in SKOV cells. The transport
mechanism was carrier-mediated and saturable as a function of biotin concentration.
Uptake amounts were dependent on incubation time and biotin concentration. Biotin
uptake was inhibited significantly by a 100-fold excess of exogeneous unlabeled
biotin (5uM). The free biotin in human plasma (0.5nM-10nM. Guilarte TR 1985:
Mock DM et al., 1992, 1996) and my studies with mouse ascites (below 10nM) are
quite low. Therefore, free biotin may not be a significant factor in inhibiting the

targeting of biotinylated liposomes in therapeutic applications.

Biotinylated long-circulating liposomes encapsulated with sulforhodamine B were
prepared using a commercial extruder. After incubation for 4 days at room
temperature. the leakage of the free dye was less than 2%. CLSM images confirmed
our hypothesis, indicating that biotinylated anti-CA125 Mab can specifically target
CA125 antigen on the surface of ovarian cancer cells. Through the biotin-
streptavidin  system, biotinylated anti-CA125 Mab could attract biotinylated
liposomes to specifically bind to the surface of ovarian cancer cells. Hence. this
pretargeting concept can be used to deliver therapeutic drugs and radionuclides to
ovarian cancer intraperitoneally. Biotinylated antibody is essential to mediate
liposomal binding. Since biotinylated liposomes did not bind the OVCAR cells in the
absence of biotinylated Mab and streptavidin. we can reach a conclusion that
biotinylated liposomes specifically bind to ovarian cancer cells via biotinylated Mab
and probably there is no nonspecific binding in this in vitro targeting study. It
appears that the biotin transporter is not an alternative route for nonspecific uptake of

the therapeutic entity.
FUTURE WORK
Radioimmunotherapy is really on its early stage. During the past two decades, many

investigators have directed their attention to this field and many advances have been

reported, indicating that RIT is a promising therapeutic approach in selectively
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killing cancer cells (Nicholson S ef al.. 1995; Meredith RF ef al.. 1996; Andersson H
et al.. 2001). However, there are still no clinical applications of RIT. The most
promising indication, non Hodgkin’s lymphoma, is still in clinical trials and close to
approval (Abrams PG et al.. 2000). Many challenges still exist in this approach.
Among these challenges. the antigen accessibility maybe the greatest problem to
make this approach fail in clinical trials (Mann BD er al.. 1984). Although
monoclonal antibody has high affinity and specific binding ability to specific
antigen. less than 0.1% antibody targeting could be found in several clinical trials no
matter what administration modality is used (Mann BD er al.. 1984: Abrams G ¢t af..
2000). The reason is due to many combined factors, including HAMA (human anti-
mouse antibody) response. antigen may be shed or not expressed on all malignant
cells, poor vascularization in the solid tumor. and high interstitial pressure (Strand
SE et al.. 1993; McQuarrie SA et al.. 2000). Since streptavidin is immunogenic and
not ideal for therapy, the bispecific monoclonal antibody should be developed to
cross-link biotinylated long circulating liposomes to ovarian cancer cells. However.
the affinity of BsMab could be lower than that of the biotin-streptavidin
system.which is the strongest noncovalent biological binding between a protein and a
ligand. Currently, the most emergent project is to determine if our bispecific
monoclonal antibody has a high tumor uptake. Some experiments should be

conducted as described below.

® Bispecific monoclonal antibody with anti-CA125 and anti-biotin paratopes. or
its fragment or chimeric or humanized BsMab should be developed and
evaluated. Its affinity to CA125 antigen and biotinylated liposomes and its
immunoreactivity can be evaluated using different ELISA techniques. including
a fluorescent ELISA technique. If the affinity of BsMab is less than 10’ M. it
will be inadequate for in vivo targeting. Two-dimensional gel electrophoresis
should be used to evaluate its purity.

® lts in vitro targeting ability and its ability to cross-link biotinylated liposomes
should be determined using CLSM. The nonspecific binding of BsMAb and
biotinylated liposomes to other cells should be determined using CLSM. If the



nonspecific binding exists, the BsMab or biotinylated liposomes should be
modified until there is no nonspecific binding in vitro. Additionally. the
internalization and shedding kinetics of BsMab should be determined to assure
that BsMab remains on the surface of ovarian cancer cells for some time to
facilitate the second step of therapy.

® lItsin vivo targeting ability and its cross-linking biotinylated liposomes should be
determined using animal experiments. Tumor uptakes of radiolabeled BsMab or

radiolabeled liposomes should be higher than 20%.

If we can obtain a BsMab with high tumor uptake and also high aftinity to cross-link
radiolabeled liposomes in vitro and in vivo, our approach may be successful. Clinical
trials are more complicated. Although some research data of IP RIT indicated good
results in vivo. favorable clinical trial results with IP RIT are not numerous.
especially for advanced stages of ovarian cancer (Epenetos AA ef al. 1987:
Andersson H er al.. 2001: Markman M 1998). One possible explanation is that the
tumor uptake ratio is approximately 20% in mouse and less than 0.1% in human
beings (Abrams G et al.. 2000). There may be different CA125 levels on the surface
of ovarian cancer cells and in body fluids in mouse compared to that in human
beings. For our project. we used the liposomes to encapsulate the radionuclide.
which may greatly benefit this approach to IP RIT for ovarian cancer. Liposomes
were recognized as a potential drug delivery system and developed as a potential
therapeutic vehicle within the past 20 years. However. more than 100 liposomal
formulation are already on the market. which indicates their great potential in
delivering different drugs. The advantages and different types of liposomes have
been discussed in Section 1.6. Liposomes can load more radionuclides than Mabs
and their inherant targeting ability should greatly improve the tumor irradiation of
this IP RIT. Therefore. future work also includes preparation of ditferent liposomes

to achieve the best distribution in ovarian cancer with [P administration in vivo.

Since 5 year survival of early stage is high up to 50-90% while 5 year survival of

advanced stage is only 15-20% with current therapeutic approaches (Landis SH er



al., 1999: Michaele C et al.. 1994), we may explore techniques of early detection to
provide the best chance for recovery from ovarian cancer. We can develop methods.
including HPLC. SDS-PAGE, ELISA, etc to see the difference in the ascites of
normal people, early stage ovarian cancer patients. and advanced stage ovarian

cancer patients to further progress on diagnosis and therapy of ovarian cancer.
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