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ABSTRACT

Monoclonal antibodies (MoAb) that recognize different surface membrane antigens have 
proven useful in classifying human leukocytes as different subsets. A recently developed murine 
MoAb 53.6 (IgG2a), raised against the HEL human erythroleukemia cell line has been shown to 
identify a p34 kDa surface membrane antigen that is associated with cell proliferation. The p34 
kDa antigen is a non-glycosylated acid polypeptide whose structural gene is encoded on human 
chromosome 11. Moreover, the p34 kDa antigen is expressed on different human hematopoietic 
cell lines that represent leukemic leukocyte subsets of T cells, B cells, and myelomonocytic cells 
that are in different stages of maturation and differentation.

Reported herein are studies that were undertaken to evaluate the utility of MoAb 53.6 for 
identifying proliferating leukocytes in the blood of patients with leukemia. It is anticipated that 
this MoAb 53.6 will prove to be a useful addition to panels of MoAb that are used currently for 
phenotypic analyses. Moreover, it is postulated that MoAb 53.6 will serve as a suitable 
substitute for the cumbersome DNA assay procedures employing propidium iodide.

The immediate research objectives were to: (a) define by flow cytometry and fluorescence 
microscopy the expression of p34 kDa on peripheral blood mononuclear cells (PBMC) of healthy 
subjects; (b) determine the expression of the p34 kDa antigen on PBMC that have been activated 
in vitro with a combination of MoAb anti-CD3 and human recombinant interleukin 2 (hrIL-2) to 
generate lymphokine-activated killer (LAK) T cells; (c) compare the binding of MoAb 53.6 to 
that of other MoAb (e.g. CD3, CD4, and CD8); and (e) correlate the expression of the p34 kDa 
antigen using both PBMC and whole blood assay procedures.

PBMC were isolated using Ficoll-Hypaque. The thoroughly washed PBMC were 
phenotyped using an indirect procedure incorporating a primary MoAb (usually MoAb 53.6, or 
its isotypic control) and a secondary heteroantibody (i.e., goat antimouse IgG-(Fab’)2 -FITC. In 
the whole blood assay method, the cells were labeled as described for the PBMC, and then 
exposed to ammonium chloride erythrocyte-lysing agent; the white blood cells (WBC; total 
leukocyte population) were then analyzed. Quantitative binding of the antibody was defined by 
flow cytometry and histograms were created that defined the cell relative number versus relative 
fluorescence intensity.

These studies have shown: (a) MoAb 53.6 was expressed, but at very low levels on the 
majority (75%) of normal PBMC; (b) MoAb 53.6 binding to normal PBMC was specific and was 
not inhibited by IgG-Fc blocking agents; (c) p34 kDa antigen was upregulated on PBMC that had 
been activated with anti-CD3 + hrIL-2; (d) MoAb 53.6 binding (i.e., relative fluorescence 
intensity) to LAK cells was comparable to that observed with CD3, CD4, and CD8; and (f) 
similar levels of p34 kDa antigen was expressed using PBMC and whole blood assay method.

These studies have identified the p34 kDa antigen on freshly isolated normal human PBMC, 
and have shown that this peptide is upregulated on PBMC that have been activated in vitro. Blast 
cells of patients with leukemia were also shown to display the p34 kDa antigen. In the future,
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studies will be conducted to characterize the expression of the p34 kDa antigen on the blood and 
bone marrow leukocytes of patients with different types of leukemia and who are in different 
phases of their disease.
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I. INTRODUCTION.

The early detection of cancer is required for successful treatment. Therefore, accurate 

diagnostic techniques are essential. Noninvasive in vitro diagnosis offers many advantages to in 

vivo diagnostic testing. In vitro techniques provide a diagnosis of lower cost, higher sensitivity, 

and greater specificity than in vivo testing. The use of molecular immunology has become 

especially helpful. Antibody based methods have become the most important development in the 

diagnosis of cancer (Kortschak, 1989). Cells are known to express a wide variety of antigens as 

they proliferate and differentiate. Monoclonal antibodies have been useful in identifying these 

cell surface molecules (Yagi, 1987). The availability of monoclonal antibodies specific for 

hemopoietic progenitors is of special importance since they allow for the direct identification of 

these cells (Papayannolpoulou, 1984).

Antigen p34 kDa, a novel surface proliferation associated antigen, has been identified 

using murine monoclonal antibody 53.6. It was termed a novel proliferation-associated antigen 

because it is distinct from other surface antigens in that it is the only one which is expressed 

solely on dividing cells and differs from other antigens both biochemically and in its distribution 

on activated cells (Yagi, 1987). This cell surface antigen is a non-glycosylated acid polypeptide 

of MW 34,000 and is encoded by a structural gene on human chromosome 11 (Yagi, 1987). 

MoAb 53.6 (Monoclonal Antibody 53.6) was first created and used by Dr. Th. Papayannopoulou 

of the University of Washington and a later follow up was performed by her graduate student, 

Mayumi Yagi. Recently, Dr. John Pauly of Roswell Park Cancer Institute has begun working
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with MoAb 53.6 obtained from Papayannopoulou’s lab in Washington. Along with Rich Streck, 

Pauly has labeled PBMC (peripheral blood mononuclear cells) and other cultured cell lines in 

order to investigate this proliferation-associated antigen in more detail. Streck (1989) concluded 

that the p34 kDa antigen was also expressed on normal non-dividing, cells but in low levels 

(75%).

My research objectives were to: a) define, by flow cytometry and fluorescence 

microscopy, the expression of the p34 kDa antigen on the surfaces of normal human freshly 

isolated PBMC in order to determine whether or not Streck was correct in his disagreement with 

previous literature which stated that the antigen was not expressed on non-dividing cells, b) 

determine the expression of the p34 kDa antigen on PBMC that had been activated in vitro with 

two potent stimulants CD3 and hrIL-2, c) use mouse serum as a blocking agent to test for the 

non-specific binding of the Fc portion of the MoAb 53.6 to Fc receptors on the cell surface, d)

compare the binding of MoAb 53.6 to other MoAb such as CD3, CD4, and CD8, and e) utilize 

the whole blood technique and compare the results to those found using the normal phenotyping 

procedure with Ficoll-Paque isolated PBMC.
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III. MATERIALS AND METHODS.

The following is a description of the protocol developed in our laboratory that I followed:

Thawing of Established Hematopoietic Cell Lines and Cell Culture Procedures.

Vials of cell lines were removed from liquid nitrogen storage tanks and placed immediately 

into styrofoam cups containing dry ice and then transferred to the laboratory.

The vials were placed in a 37°C water bath and monitored carefully. They remained in the 

water until all of the ice had disappeared from the vial. The vials were then wiped with 70% 

alcohol. The contents of the vials were transferred into a pre-labeled chilled 15 ml Falcon

conical shaped centrifuge tube (Becton Dickinson Labware, Lincoln Park, NJ) using a sterile 

pasteur pipette. The cell suspension was diluted slowly with pre-chilled RPMI 1640 medium 

(GIBCO; Grand Island Biological Co., Grand Island, NY). RPMI 1640 is an endotoxin-free 

culture medium containing 10% fetal calf serum (heat inactivated; 56°C, 45 min), penicillin (100 

Units/ml), streptomycin (50 ug/ml) and freshly thawed L-glutamine (2 mM). The cells were 

slowly diluted so as to reduce the degree of osmotic shock encountered by the cells. Water 

becomes more dense as it melts and the cell membranes may not be able to withstand the trauma 

of this physical change.

The cells were deposited by centrifugation at a slow speed (100 X g, 5 min) and the wash 

medium was discarded. A second wash was performed by resuspending the cells in fresh 

medium and depositing the cells using a higher speed centrifugation (150 X g, 12 min). The 

wash medium was discarded and the cells were gently dispersed in 10 ml of medium. A cell 

viability count was obtained (see below) and the cells were diluted with additional serum to give
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an optimal seeding density of 0.2 X IO5 cells/ml. Twelve ml of the cell suspension were then 

placed into 25 cm flasks (Coming Glass Works, Coming, NY). The flasks were loosely capped 

and placed in a 37°C incubator having a humidified atmosphere of 5 % CO2 and 95 % air.

The cultures were then monitored daily and cell viability counts taken. Additional growth 

medium was added, if necessary, to maintain log-phase growth of the cells in culture.

Cell Enumeration and Cell Viability.

Each day a cell count and viability determination was performed. This consisted of 

removing a small aliquot of cell suspension with a sterile Pasteur pipette and placing it into a 12 

X 75-mm glass tube. The cell suspension was mixed using the end of the pipette and 0.2 ml 

were removed and placed into another 12 X 75-mm glass tube. To this tube were added 0.2 ml 

of trypan blue dye (#630-5250; GIBCO). The contents were mixed thoroughly so as to produce 

a final dye concentration of approximately 0.2%. The cell suspension was transferred to an 

eosinophil counting chamber (#2-671-10; Fisher Scientific Co.) and the cells were observed using 

a standard light microscope. Cells were first observed under low power (20X x 10X) in order to

observe the general distribution of cells and then under intermediate power (43X x 10X) for cell

counts and morphology determination. Trypan blue, the dye used to stain the cells, is excluded 

by viable cells yet incorporated into dead or damaged cells. Cell viability for the KG-1 cell line 

was always very good and ranged normally from 89% to 98%. Cells selected for analysis by 

flow cytometry and fluorescence microscopy must have a high viability and therefore the KG-1

cells served well.
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Monoclonal Antibodies Used For Defining Surface Antigens.

Papayannopoulou created MoAb 53.6 by injecting mice with noninduced cells of a human 

erythroleukemia line. These HEL cells contain multilineage markers so that a large number of 

different antibodies are produced by the mouse in response to the foreign antigen. The spleens 

were removed from the mice and cell cultures were prepared. The cells were fused with a 

myeloma cell line obtained from other leukemic mice. Polyethylene glycol was then added in 

order to promote membrane fusion and to produce a successful hybridoma. The mixture 

containing the hybridomas was added to a medium containing HAT, a mixture of hypoxanthine 

aminopterin and thymidine. This HAT mixture kills all individual spleen and myeloma cells 

leaving only the hybridomas. Screening assays were performed to seperate the different 

hybridomas which were then cloned to produce a set of monoclonal antibodies. Papayannopoulou 

characterized the monoclonal antibodies by their ability to recognize normal cells and cells of 

hemopoietic lines using cell sorter analysis. She discovered that one particular monoclonal 

antibody had a high percentage of labeled cells. This monoclonal antibody was named 53/6 and 

was found to be strongly cytytoxic against CFU-E, BFU-E, and CFU-C, all rapidly proliferating 

cells undergoing maturation. MoAb 53/6 did not react with non-dividing cells or well 

differentiated cells such as platelets, granulocytes, or erythrocytes. It was also found to react 

with a small number of bone marrow cells, cells which proliferate slowly, yet reacted heavily 

with immature cells and progenitors (Papannopoulou: 1984). A continuation of

Papayannnopoulou’s work was done by Yagi who characterized MoAb 53/6 as recognizing a 

novel proliferation associated antigen. She also renamed MoAb 53/6 as 53.6. Yagi stressed the 

need for an understanding of the mechanisms that control proliferation for this would be the key 

to the transformation of cells and consequent tumor production. Yagi showed that the antigen
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specifically labeled by MoAb 53.6 was encoded on human chromosome 11 by a structural gene. 

Chromosome 11 is known to contain genes for the production of many cell surface antigens.

This antigen was also found to be an acidic polypeptide lacking carbohydrate modifications and 

having a molecular weight of 34,000 (Yagi: 1987).

Selection of Healthy Blood Donors.

Healthy adult blood donors were used in this research. The participation of these individuals 

was approved by the Clincal Investigations Committee at Roswell Park Cancer Institute, Buffalo, 

NY (Protocol #84-47). All subjects signed a statement acknowledging their participation and the 

potential health risks involved.

Collection of Blood from Healthy Donors.

In most instances, six 10 x 100-mm Becton-Dickinson ’Vacutainer’ tubes of blood (10-ml 

draw) were collected from each donor by a registered plebotomist. Of these six tubes, four were 

used for obtaining peripheral blood mononuclear cells (PBMC) (lavender top tube, #6457, 

containing 15 mg K3-EDTA anticoaggulant; Becton Dickinson, Inc., Rutherford, NJ). The other 

two red top tubes were used for procuring serum (red top tube, #5430, no anticoaggulants,

Becton Dickinson).

Collection and Processing of Serum.

The two red top tubes stood at room temperature for 45 min to allow the blood to clot 

completely. For this purpose, I allowed the blood to stand upright and undisturbed at room

_ temperature for 1 hr. Then the two red top tubes were placed in a bath of crushed ice and water
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for 2 hr to permit the blood to retract and express entrapped serum. After chilling for 2 to 24 

hr, the tubes were centrifuged at 1,2000 rpm for 12 min to deposit the blood clot. The serum 

was then collected with a sterile 9-inch cotton-plugged Pasteur pipette and transferred to a sterile 

15-ml Falcon conical shaped centrifuge tube and centrifuged a second time at a higher speed 

(2,400 rpm for 20 min) to deposit any debris. The serum was then collected, tranferred to 

another clean centrifuge tube, and heated at 56°C for 45 min. Thereafter, the heat-inactivated 

serum was allowed to cool to room temperature. The serum was stored in pre-labeled 15-ml 

Falcon conical shaped centrifuge tubes. This heat-inactivated normal human serum (NHS-HI) is 

often used as a nutrient supplement for medium 1640 RPMI containing the antibiotics penicillin 

and streptomycin. The serum-supplemented medium, designated as RPMI 1640 + 5% NHS-HI 

+ P/S, was used to cultivate the normal human PBMC that were isolated from the blood samples 

obtained from the plebotomist. Any remaining serum to be stored was refrigerated at 4°C for a 

period of less than two weeks or stored frozen at -20° C for a period of several months.

Isolation of Blood Leukocytes.

The four lavender top tubes were centrifuged at 1,2000 rpm for 12 min; this resulted in the 

formation of a buffy coat consisting primarily of white blood cells and all the leukocyte subsets: 

polymorphonuclear leukocytes such as neutrophils, basophils, and eosinophils, as well as the 

mononuclear leukocytes such as monocytes, T and B lymphocytes, and NK cells. The reason 

this first centrifugation step was incorporated into the protocol is that it conserves on the amount 

of Ficoll-Paque that is used in processing a given volume of blood.

A sterile Pasteur pipette was then used to remove the leukocyte-poor plasma. A sample of 

this plasma was examined to make sure that it contained very few leukocytes. If a large number
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of leukocytes were present, then the 50-ml tube was centrifuged again and the pelleted cells 

collected. If only a few leukocytes were present, the tube was discarded into a Biohazard 

Disposal Bag.

Another pipette was then used to collect the buffy coat cells, and these were transferred to 17 

x 100-mm snap-cap polystyrene tube (Falcon #2051, 12-ml capacity, Becton-Dickinson). The 

total volume of buffy coat cells was recorded and the cells were transferred to a 50-ml Falcon 

conical centrifuge tube. The snap-cap tube from which the cells were just removed was flushed 

several times with 2 to 3-ml volumes of HBSS + EDTA and the contents pooled into the 50-ml

tube. HBSS + EDTA consists of calcium-free, magnesium-free, and phenol red-free Hank’s 

balanced salt solution (#310-4175AK; Grand Island Biological Co.) containing 15 mg K3- 

EDTA/50 ml and is therefore known as HBSS + EDTA. The Calcium and Magnesium-free 

saline is required to prevent clotting of residual plasma. The presence of the EDTA also assists 

in safeguarding against plasma clotting as well as preventing the aggregation of platelets and 

leukocytes which would greatly reduce the purity of the PBMC population recovered from the 

Ficoll-Paque procedure. The buffy coat cells were then diluted 1:3 with HBSS + EDTA.

The buffy coat cells and HBSS + EDTA were thoroughly mixed using a sterile Pasteur 

pipette and the diluted suspension was carefully layered onto a 4.0-ml cushion of chilled Ficoll- 

Paque leukocyte isolation medium (Pharmacia Co., Piscattawy, NJ). This medium had been 

placed in a 16 x 125-mm round bottom tissue culture tube (#3033, Becton-Dickinson, Co.).

Each tube contained about 6.0 ml of H-BSS + EDTA-diluted buffy coat cell suspension. These 

tubes were then centrifuged at 1,400 rpm for 40 min at room temperature. This resulted in the 

formation of an erythrocyte-free layer (interface band) of peripheral blood mononuclear cells 

(PBMC) on top of the Ficoll-Paque layer. Erythrocytes appeared as a dense pellet of cells at the
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bottom of the tube. The uppermost part of the tube consisted of platelets and a few

polymorphonuclear leukocytes in the HBSS + EDTA which were discarded into the Biohazard 

Waste container. The interface band of PBMC was collected with a sterile Pasteur pipette and 

transferred to a 15-ml conical polystyrene tube. To this was added 10 ml of HBSS + CM +

P/S which contained calcium, magnesium, and the antibiotics penicillin and streptomycin (#310-

4040AK, GIBCO). The cells were well mixed and the tube filled to capacity with HBSS + CM 

+ P/S, capped, and inverted several times. The tubes were centrifuged at 1,200 rpm for 12 min. 

The HBSS + CM + P/S wash solution was collected making sure not to disturb the pelleted 

cells. This wash solution was discarded. The pelleted cells then resuspended, the tube was filled 

to capacity with HBSS + CM + P/S, and centrifuged for another 12 minutes at 1,200 rpm in 

order to perform a second wash. The wash solution was discarded and the pelleted cells 

resuspended in 5.0 ml of HBSS + CM + P/S, a cell viability count performed, and the cells 

phenotyped in preparation for analysis by flow cytometry or fluorescence microscopy.

Phenotyping of Isolated PBMC and Hematopoietic Cell Lines,

Prior to phenotyping, cell viability counts and viability determinations were performed.

A volume of cells was added to a 10 X 75-mm round bottom glass centrifuge tube (Kimble, 

Owen/Illinios Co.) that would provide a total of 1.5 million viable cells per tube. The total 

volume that this type of tube holds is 3.0 ml. If necessary, the cell suspensions could be diluted 

with calcium-free, magnesium-free, and phenol red-free HBSS.

Each tube was then filled to capacity with the washing solution, Dulbecco’s phosphate- 

buffered saline (D-PBS; with calcium and magnesium, but no phenol red, #19N2597 GIBCO).

The tubes were centrifuged at 200 X g for 5 min in order to deposit the cells. The tubes were
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then transferred to a laminar flow hood and the D-PBS wash removed without disturbing the 

pelleted cells. In order to remove the wash solution, an aspirator device was constructed to 

safeguard against aspirating the pelleted cells. For this purpose, a black heavy duty rubber hose 

connected to a conventional sink aspirator was used. The end of the hose was adjoined to a 9- 

1/2 inch glass Pasteur pipette and to this was added a safety guard made of a 1/2-inch piece of 

black rubber tubing positioned to exclude the pipette from entering the tube to be aspirated at a 

depth that would disturb the pelleted cells.

After the D-PBS wash was removed, the cells were resuspended by use of a vortex mixer set

at medium speed for about 5 sec. A second wash was conducted in which the tubes were again 

filled to capacity with D-PBS, centrifuged for 5 min, and the wash solution removed by use of 

the aspirator. The primary antibody, MoAb 53.6, was then added. 50 uL of MoAb 53.6 were 

added along with 50 uL of D-PBS by use of a variable volume microliter pipette with a sterile 

plastic micropipette tip (Pipetman System). The primary antibody may be either the test antibody 

(e.g., MoAb 53.6) or its isotypic control (e.g. immunoglobin of the same type, IgG2a). In the 

case of the isotypic control IgG2a, 20 uL of IgG2a were added along with 80 uL of D-PBS. The 

antibody must be added to the bottom of the tube and not hang up on the inside wall of the tube 

After adding the primary antibody and corresponding amount of D-PBS, the tubes were vortexed 

so as to completely mix the solutions. The tubes were placed in a Nalge plastic test tube rack 

placed in a plastic wash box containing ice-cold water and ice chips. This box was then placed 

on an orbital shaker at low speed to prevent the cells from settling during the antibody labeling 

procedure. The primary antibody was allowed to react for 30 min and the tubes were then 

placed on a vortex mixer to insure that all cells were resuspended. The tubes were filled to 

capacity with D-PBS, centrifuged, and aspirated twice as stated above.
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The secondary antibody was then added to each tube (100 uL of a 1:20 D-PBS dilution of 

FITC-labeled secondary antibody [catalog #62-6311, FITC-F(ab’)2 of Goat Anti-Mouse IgG]). 

The tubes were vortexed so as to mix the cell suspension and secondary antibody. The tubes 

were placed in the plastic box containing ice water and ice chips on top of the orbital shaker 

and a cardboard box was placed over to top because the GAM-FITC is light sensitive and must 

be protected. The secondary antibody was allowed to react for 30 min. The tubes were vortexed 

and washed twice as stated above. After the cells were aspirated a second time, 1.0 ml of sterile 

D-PBS + P/S was added. The tubes were vortexed and transferred form the glass tube to a 

Falcon 12 X 75-mm sterile snap-cap plastic tube (#2054) readying them for analysis by flow

cytometry.

After analysis, 1.0 ml of 10% methanol-free formaldehyde (PolyScience) was added to each 

tube and mixed to provide a desired final formaldehyde fixative concentration of 1%. The tubes 

were stored in the refrigerator overnight so that they could be observed by fluorescence 

microscopy the following day.

Generation of Lymphokine-activated Killer Cells

In order for the PBMC to enter a log-phase of growth, and for the expression of p34 kDa to 

be upregulated, the cells were incubated in the presence of two potent growth factors. The 

combination of both hrIL-2 (T cell growth factor) and anti-CD3 (mitogenic monoclonal antibody) 

provided a high level of activation. Prior to activation, cells were phenotyped and analyzed by 

flow cytometry. Cell viability counts were performed and the cells were then seeded in normal 

human autologous serum to give a final cell density of 1.0 million cells/ml. One of the stimulant
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culture (hrIL-2 l@100 units/ml + anti-CD3 monoclonal antibody at 1:20) was added to the cell 

susensions. The LAK cells were then analyzed by flow cytometry on days 1, 2, and 13.

Use of a Blocking Antibody to Prevent IGgFc-mediated Non-specific Binding.

Many cells constitutively express a surface membrane receptor for the Fc portion of an

immunoglobulin. Therefore, in the use of a specific antibody, the antibody may bind to the cell 

through its Fc receptor. In order to test for non-specific binding to the Fc receptor, a blocking 

agent known as whole mouse serum was used to block all of the Fc receptors present on the cel! 

The whole mouse serum was heat inactivated for 30 min at 56°C to prevent complement cell 

killing and to induce a moderate degree of IgG aggregation which facilitated binding to the Fc 

receptor. One hundred uL of the whole mouse serum were added and allowed to react with the

cells for 30 min in an ice-water bath on an orbital shaker. The cells were then washed twice

with D-PBS as described above and the regular phenotyping procedure followed.

Whole Blood Phenotyping.

It was hoped that a quicker method of phenotyping other than that described above 

could be used in phenotyping blood. Therefore, the whole blood technique was used. Two 

hundred uL of freshly-collected whole human blood in a lavendar Vacutainer tube that had been 

thoroughly mixed and inverted several times were added to a 12 X 75-mm round-bottom 

disposable glass tube containing 2.0 ml of HBSS having no Calcium, Magnesium, or phenol red. 

A black rubber stopper was affixed to the tube and the tube was inverted several times to 

thoroughly mix the blood and HBSS. The tubes were centrifuged for 5 min at about 1,200 rpm.
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The HBSS was removed by use of the standard sink aspirator apparatus as described above. The 

primary and secondary antibodies were added as described above. The only difference in 

procedure in the addition of the antibodies was that they were allowed to react in the cold for 

only 20 min and the cells were washed only once in each step with HBSS. In most phenotyping 

procedures, the cells are washed twice, but in the whole blood method, the large volume of wash 

fluid and the relatively small number of cells requires only one wash. After the cells had been 

washed after the addition of the secondary antibody and the wash fluid aspirated, 1.0 ml of 

NH4C1 lysing agent was added, the tube was mixed thoroughly to re-suspend the cells and filled 

to capacity with the lysing agent (the lysing agent was made in Dr. Pauly’s lab from a recipe 

obtained from his files and consists of the following: 8.3 gms NH4C1 ammonium chloride, 1 gm 

KHO potassium bicarbonate, 16.8 mg Na2EDTA disodium ethylenediamine tetraacetate, and 1000 

ml distilled H20). The tube was allowed to stand for 5 min and in this time almost all of the 

RBC’s were destroyed. The solution in the tube acquired a red color due to RBC lysis. The 

leukocytes were then deposited by centrifugation for 5 min at 1,200 rpm and the tube aspirated 

leaving the pellet of leukocytes on the bottom. The cells were resuspended in exactly 1.0 ml of 

HBSS solution and' transferred to a Falcon 12 X 75-mm snap-cap tube for flow cytometry 

analysis. The samples were protected from light, and stored at 4° C until analysis.

Phenoptypic Analysis by Flow Cytometery.

In order to quantify the number of cells labeled with the primary and secondary

antibodies, the cell suspensions were passed through a flow cytometer (Children’s Hospital: 

Buffalo, NY). Cells enter the nozzle of the flow cytometer and pressure produced by the sheath 

fluid on the sample fluid containing the cells causes a sequential flow of individual cells through
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the stream where they intersect the laser light. When a cell labeled with fluorescein dye 

intersects the laser beam, light is emitted from the excitation of the dye. The fluorescence is 

measured and recorded on a histogram as cell number-vs-fluorescence intensity. The degree of 

fluorescence intensity is directly proportional to the amount of p34 kDa expressed on the surface

of the cell.

Phenotypic Analysis by Fluorescence Microsocpy.

For fluorescence microscopy, cells were mounted on standard microscope slides and then

viewed using a conventional fluorescence microscope. The microscope I used was a DIASTAR 

hooked up to a PHOTOSTAR automatic camera system (Cambridge Instruments Co., Buffalo, 

NY). Cells were noted for their varying degrees of fluorescence intensity and photographs were 

taken of the KG-1 cell line because they had a high level of fluorescence and would emit enough 

light to create a good image.

Freezing Established Hematopoietic Cell Lines,

Cells were poured from their tissue culture flasks into a centrifuge tube large enough to hold 

all of the solution. The cells were then centrifuged for 12 min at 1200 rpm in the large table top 

centrifuge. The top layer of the solution was aspirated leaving the deposited cells in the bottom 

of the tube. A glass pipette with a black rubber safety stopper on the aspirator was used to make 

sure that the pelleted cells were not accidentally disturbed. The cells were transferred into a pre

labeled 50-ml Falcon shaped centrifuge tube. The cells were then centrifuged at 1200 rpm for 12 

min. The rest of the medium remaining in the tube was aspirated and the remaining cells were 

resuspended in freezing medium to give a final cell density of 1x10s to 5xl07. The ingredients of
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the freezing medium were added in the following order: 1) 8 ml of RPMI 1640, 2) 1 ml of Fetal 

Calf Serum, and 3) 1 ml of dimethyl sulfoxide (D-128). The tubes were mixed on a vortex mixer 

after steps 1 and 2, then 1.8 ml of the newly-made mixture were added to a sterile cryogenic 

polypropylene vial. The vials were placed in a styrofoam box and set in the freezer. After the 

cells had frozen in the freezer for two days, they were transferred to the cold room on the fourth 

floor of the Cancer Cell Building.
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V. RESULTS AND DISCUSSION

Analysis by Flow Cvtomtetry: MoAb 53.6 -vs- Isotypic Control Antibodies.

Flow cytometry analysis allowed for the quantification of the amount of the antibody

probe which interacted with the cells. This method also allowed a large number of cells to be 

analyzed very rapidly. The cell number-vs-fluorescence intensity was recorded on histograms 

(Fig. 1, p.31). The gates were established by the operator of the flow cytometer. The leukocyte 

population of cells produce a relatively homogeneous fluorescence signal, whereas cellular debri 

and dead cells produce a lower level of fluorescence intensity. Therefore, in order to delete the 

unwanted lower levels of fluorescence produced by the debri and dead cells, these populations 

were electronically gated out so that only the leukocyte population was analyzed. Gate 1 in 

Figure 1 represents the leukocyte population after gating has been established.

Before any true experimentation could begin, it was necessary to establish the appropriate

controls. Controls were established in order to determine whether or not the fluorescence

intensity displayed on the histogram was due to specific binding of the MoAb 53.6 to the p34 

kDa surface antigen or due to non-specific binding of reagants used in the experiment. The 

fluorescence intensity of the controls was then subtracted from that observed by the specific 

binding of the MoAb 53.6 to arrive at an actual value. First, Phosphate Buffered Solution (PBS) 

was added to the cells in order to measure the degree of "normal glow" of the cells without any 

antibodies. Fluorescence exhibited by the unlabeled cells (Fig. 2a, p.32). PBS + GAM~FITC 

was then tested to observe the degree of non-specific binding and consequent fluorescence of the 

secondary antibody. The secondary antibody was found to be responsible for 0.4% of the non

specific labeling of the cells (Fig. 2b, p.32). This same amount was also bound on the cells by 

IgG2a, the control used for MoAb 53.6 to test the non-specific binding of the monoclonal
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(Fig. 2c, p.32). These values were then subtracted from the number of positively labelled cells 

by MoAb 53.6 to arrive at a degree of 76.2% positively labeled PBMC. Fig. 3, p.33, shows the 

same controls and binding of MoAb 53.6 on the rapidly dividing KG-1 cell line. The KG-1 cells 

showed 96.9% positive labelling after the controls were subtracted.

Reproducibility of Cytofluorometric Assay Procedure.

In order to make sure that variations in data were not due to variations in lab procedure, a 

comparison was made between the results obtained using MoAb 53.6 and KG-1 cells on three 

different days. The percentages of positively-labeled cells found on these days were 99.5%, 

98.3%, and 98.5% (results not illustrated). The data were fairly consistent and the differences 

were not statistically significant.

Results of Initial Studies Characterizing the Expression of Antigen p34 kPa on the Surface 

Membrane of Freshly Isolated Normal Human Blood Leukocytes,

Antigen p34 kDa has previously been identified by Yagi as a novel proliferation associated 

antigen, an antigen not expressed on nondividing cells. Pauly and Streck have found it to exhibit 

a low level of expression on peripheral blood leukocytes of healthy donors. They claim that a low 

level of binding sites exist on normal PBMC.

My study confirmed the findings of Pauly and Streck that a low level of p34 kDa is indeed 

expressed on freshly isolated normal human PBMC in comparison with the appropriate controls 

(Streck, 1989). Fig. 2, p.32, shows that 76.2% (the controls have already been subtracted) of 

the PBMC were positively-labeled with MoAb 53.6 + GAM-FITC.
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Comparision of the Expression of d34 kPa Antigen on KG-1 -vs- Unstimulated PBMC.

The KG-1 cell line was selected because it is a permanent human cell line that retains 

in vitro the granulocytic characteristics of acute myelogenous leukemia. The cultured cells 

resemble the acute myelogenous leukemic cells morphologically. The KG-1 cell line provides a 

comparison of a rapidly dividing cell line to that of normal human cells represented by the 

freshly isolated PBMC. As can be seen by comparing the histograms (Fig. 2d, 3d, p.32-33) a 

remarkable shift in fluorescence intensity was noticed. The KG-1 cells which were actively 

dividing are expressing more of the p34 kDa antigen and have in turn bound more of the 

fluorescence marker, therefore displaying a higher level of fluorescence intensity. Upon 

comparison to the KG-1 histogram, it can be concluded that the percentage of positively labelled 

PBMC (76.2%) does not seem so large when compared to the 100% positively-labeled KG-1

cells.

Expression of p34 kPa Antigen on Normal Human Blood Leukocytes that had been Activated

with Interleukin-2 and Antibody CD-3.

In order to create lymphokine activated killer (LAK) T cells and to observe the cells in an 

active stage of proliferation, the cells were activated using two common growth factors. These 

two factors were hrIL-2 (T cell growth factor) and anti-CD3 (mitogenic monoclonal antibody) 

and when used in combination, these potent stimulants provided for a high level of activation. 

The stimulated human PBMC were analyzed by flow cytometry on days To, 1, 2, and 13 as seen 

in Fig. 4, p.34. A remarkable shift in fluorescence intensity was observed as the days progress. 

Days To, 1, 2, and 13, displayed 76.2%, 92.2%, 94.3%, and 99.4% positively-labeled cells, 

respectively. The increase in fluorescence intensity was due to a large number of cells being
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activated by the stimulants, and therefore, beginning to proliferate and express the p34 kDa 

antigen on their cell surfaces.

Effect of Mouse IgG2a and Mouse Whole Serum on the Binding of MoAb 53.6 to Different

Populations of Human Blood Leukocytes.

Consideration was given to the fact that the low level of expression of the p34 kDa antigen on 

the freshly isolated PBMC could be due to non-specific binding of the Fc receptor of the 

monoclonal antibody. Hence, mouse serum was used to block any binding of the Fc receptor.

The mouse serum was added before the addition of the MoAb 53.6 to block areas in which its Fc

receptor would bind. The blocking solution had no significant effect on the binding of MoAb 

53.6: the blocking solution labeled 88.0% of the cells and the MoAb 53.6 used without blocking 

agent labeled 86.6% of the cells (Fig. 5b, 5c, p.35), respectively. Fig. 5d, p.35, displays the 

histogram produced when the isotypic control IgG2a was added before the addition of the MoAb 

53.6, and likewise, no significant effect was observed with respect to the binding of the MoAb 

53.6 to the p34 kDa antigen (85.8% positively-labeled cells). Therefore, blocking solutions were 

not required in future experiments as its presence produced no change in data.

Comparison of the Fluorescence Intensity of MoAb 53.6 with MoAb CD3. CD4 and CD8

Defining Different T Cell Antigens As Defined Using Human LAK Cells,

The possible utility of MoAb 53.6 would lie in its use as a diagnostic reagent for identifying

dividing cells in patients with leukemia. The MoAb 53.6 would not be used alone, but in 

addition to a panel of MoAbs. Therefore, MoAb 53.6 was analyzed in addition to other common
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MoAb (CD3, CD4, and CD8) in order to compare the magnitudes of fluorescence intensity.

Fig. 6g-j, p.36, displays the histograms of the freshly isolated PBMC-labeled with the various 

MoAbs. MoAb 53.6 labeled 16.3% of the cells, CD3 labeled 83.7%, CD4 labeled 51.0%, and 

CD8 labeled 32.1%. Confusion may arise due to the fact that only 16.3% of the cells were 

labeled by MoAb 53.6 versus 76.2% as stated previously. This difference is due to the fact that 

different gates were established in this analysis, therefore the degree of labeling of the MoAbs 

must be considered only in relation to one another and not separately. MoAb 53.6 does not seem 

to label as many cells when compared especially to CD3 but a much cleaner peak or graphic 

representation was observed with MoAb 53.6. In relation to the other MoAbs when diagnosing 

an individuals blood, a more obvious shift in fluorescence intensity would be observed with 

MoAb 53.6 when the patient’s leukocytes began to actively divide in comparison to their normal 

state. The isotypic control, IgG2a, used for all of the MoAb displayed no significant level of 

non-specific binding (0.4%).

Yet, in order for the use of MoAb 53.6 to be favorable to hospital laboratories as a 

diagnostic reagent in cancer detection, the laborious method of isolating the PBMC through the 

use of Ficoll-Hypaque would have to be replaced. Therefore, a method incorporating the use of 

whole blood was used. This new technique involved phenotyping whole blood and then lysing it 

with ammonium chloride to provide a population of white blood cells for analysis. Fig. 6b-e, 

p.36, shows the histograms achieved with the use of the whole blood. MoAb 53.6 labeled 

85.8% of the cells, CD3 labeled 75.3%, CD4 labeled 54.7%, and CD8 labeled 29.6%.

Although the number of positively-labeled cells for each MoAb was different with the whole 

blood technique than that observed when the cells were isolated with Ficoll-Hypaque, the shapes 

of the graphs between the two methods were nearly equal. Therefore, it is hoped that in the
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future, the whole blood technique will replace the Ficoll-Hypaque isolation of the PBMC.

Expression of Surface Membrane Antigen d34 kPa as Defined by Fluorescence Microscopy.

• For freshly isolated cells to be phenotyped using primary and secondary antibodies and the

appropriate controls and then observed with a UV microscope the following day, they needed to 

be preserved or fixed to remain alive overnight. I questioned whether adding 1.0 ml of 

formaldehyde solution to the cell solutions after being analyzed by flow cytometry would 

preserve the cells. Yet, upon analysis the following day after being fixed with formaldehyde, the 

cells were viable and ready for observation with the UV microscope. Fig. 7, p.37, shows a 

photograph of cells labeled with MoAb 53.6 and observed with fluorescence microscopy. The 

cells pictured here are KG-1 cells which are a rapidly dividing hematopoitic cell line and 

therefore displayed a high level of fluorescence due to a high level of expression of the p34 kDa 

antigen.
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V. CONCLUSION

The experiments presented in this paper demonstrate that p34 kDa is indeed expressed on 

freshly isolated normal PBMC. Yet, this level of expression of p34 kDa is very low (75% 

positively-labeled cells) compared to a rapidly dividing KG-1 cell line (100% positively-labeled 

cells). Expression of the antigen increased drastically as the cells enter an active stage of cell 

proliferation as exhibited by the CD3 -I- hrIL-2 stimulated PBMC.

I found that the use of whole mouse serum as a blocking agent had no effect on the binding of 

MoAb 53.6 to the p34 kDa antigen. The fluorescence intensity observed was due solely to the 

expression of the antigen and not to any non-specific binding of the Fc portion of the MoAb.

When compared to other common MoAb such as CD3, CD4, and CD8, MoAb 53.6 labels 

fewer cells, but the graphic representation presented on the histogram is more compact and 

displays a sharper peak compared to the others. Therefore by using MoAb 53.6 and analyzing a 

patient’s blood, a shift in fluorescence intensity would be more noticeable.

It was concluded that the whole blood technique still needs more work. Perhaps a different 

formula for the lysing agent needs to be found or different reaction times used. A comparison of 

the histograms between the whole blood and Ficoll-Hypaque technique shows similar graphic 

representations, but the number of positively-labeled cells differs significantly.

My studies were an attempt to begin to accumulate MoAb 53.6 profiles of PBMC from 

normal healthy adult blood donors to define statistically (two standard deviations) the cut-off for 

defining a donors blood sample as being representative of leukemic blood. The clinical utility of 

MoAb 53.6 is in the follow-up of leukemic patients in which upon regular visits their blood could 

be analyzed by flow cytometry and, if a shift in fluorescence intensity was noted, proper
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treatment would follow. In the future, MoAb 53.6 may be incorporated into a standard panel of 

MoAb and used in hospital laboratories for the diagnosis of Leukemia or its remission.
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Figure 1

Fig.l. A histogram is shown in which electronic gating is demonstrated. In order to obtain an 
accurate level of fluorescence intensity for the leukocyte population, it was necessary to establish 
gate 1 to delete the unwanted lower levels of fluorescence intensity produced by cellular debri 
and dead cells included in gate 2. Gate 2 shows a level of 100% positively-labeled cells whereas 
gate 1 shows 98.4% positively-labeled cells.
LFL1 = Level of Fluorescence Intensity
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Figure 2

Non-Specific Immunofluorescence of Primary and 
Secondary Antibodies Defined Using PBMC

(a) PBS + PBS (b) PBS + GAM-F1TC
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k___
Fluorescence Intensity

Fig.2. The results are shown of a representative experiment performed to determine whether the 
observed reactivity of MoAb 53.6 to freshly isolated PBMC was due to non-specific binding of 
the reagants used in the experiment. As can be seen by panels a. 0.0%, b. 0.4%, and c. 0.4% 
positively-labeled cells, there was a very low level of non-specific binding. Panel d., the true 
test, shows that a relatively large number (76.2%) of cells reacted with MoAb 53.6.
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Figure 3

Non-Specific Immunofluorescence of Primary and 
Secondary Antibodies Defined Using KG-1 Cells

(a) PBS + PBS ((b) PBS + GAM-FITC
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Fig.3. The non-specific binding of reagents used in the experiment was observed using the KG-1 
cell line. Little non-specific binding was seen as observed in panels a. 1.7%, b. 0.5%, and c. 
3.1% positively-labeled cells. However, when MoAb 53.6 was added to the cell population, 
100% of the cells were positively labeled. When comparing the level of fluorescence intensity to 
that seen in Fig. 2d of the PBMC, the level of fluorescence intensity was very high.
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Figure 4

Expression of p34 kDa Antigen Recognized by MoAb 53.6 
on Human PBMC Stimulated in Vitro with CD3 + hrIL-2
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Fig.4. A comparison of the binding of MoAb 53.6 (test antibody) on freshly isolated PBMC to 
PBMC that had been activated with anti-CD3 + hrIL-2 is shown. These cultures were observed 
on days 1,2,and 13. The binding of IgG2a (isotypic control antibody) is pictured in the top row 
and shows a very low level of non-specific binding. The panels pictured on the bottom row 
display a remarkable shift in the peaks of fluorescence as more cells were upregulated and 
underwent cell division. Hence, more of the proliferation-associated p34 kDa antigen was 
expressed as more T lymphoblasts progressed through the cell cycle. Percent MoAb 53.6 
positively-labeled cells of histograms in panels e, f, g, and h were 76.2%, 92.2%, 94.3% and 
99.4%, respectively.
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Figure 5

Effect of Mouse Serum and IgG2a on the Binding 
of MoAb 53.6 to Normal Human PBMC

Fig.5. Results of studies are shown in which testing of non-specific binding of the Fc receptor of 
MoAb 53.6 was performed. Hence, mouse serum was added as a blocking agent. As seen in 
panels b, c, and d which recorded 86.6%, 88.0%, and 85.8% positively labeled cells 
respectively, no binding of MoAb 53.6 was due to the Fc receptor. The isotypic control 
antibody IgG2a showed little fluorescence intensity.

Fluorescence Intensity
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Figure 7

Expression of p34 KDa Antigen Using Fluorescence Microscopy

Fig.7. Expression of the p34 kDa antigen viewed using a fluorescence microscope. The cells 
shown are KG-1 cells that had been labeled with MoAb 53.6 + FITC-conjugated goat anti-mouse 
antibody. Note that a large number of cells appear to be "capped” indicating the polar 
mobilization of the surface membrane proliferation associated p34 kDa antigen.
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