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CHAPTER II

MATERIALS AND METHODS

2.1  Cell Cultures

Two lines of immortalized bovine mammary epithelial cells were maintained for the

experiments outlined in this thesis.  The MAC-T cell line (McGill University, Montreal,

Quebec) is the immortalized parental cell line that was used to represent a paracrine

system for IGF-I (Huynh, et al., 1991).  The SV40-IGF-I cell line developed in Dr. R. M.

Akers’ laboratory at Virginia Polytechnic Institute and State University, Blacksburg,

Virginia (Romagnolo, et al., 1994) is transfected with an IGF-I cDNA expression vector

resulting in the constitutive secretion of IGF-I.  The SV40-IGF-I cell line was used to

represent an autocrine system for IGF-I.

2.1-1  Reagents Used to Start and Maintain the Cell Cultures

One liter of complete media was prepared by adding 3.7 g NaHCO3 (Sigma) to

Dulbecco’s Modified Eagles Media (DMEM) (Gibco, Grand Island, NY) prepared with

sterile deionized water.  To this was added 10 ml Antibiotic-Antimycotic (Gibco) and 1

ml gentamycin liquid (Gibco).  The pH was then adjusted to between 7.2 and 7.3 to be

slightly acidic compared to the working pH of 7.4. (The media becomes more basic

during the filtration process.)  The media was then filter sterilized using a 0.2 um filter

(CoStar or Millipore) in a tissue culture hood and stored at 4°C.  Sterile fetal bovine

serum (FBS) (Gibco) stored in 25 ml aliquots was added as needed to prepare a 10% FBS

DMEM solution used during cell culture maintenance.

Washing media for rinsing cells was prepared from calcium-free Dulbecco’s Phosphate

Buffered Saline (DPBS) (Gibco) prepared with sterile deionized water.  This was also

filter sterilized in a tissue culture hood and stored in sterile containers at 4°C.
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Trypsin for harvesting and passing cells was prepared from lyophilized trypsin 2.5%

(10x) stock (Gibco).  The stock solution was diluted by first adding 20 ml DPBS to the

stock bottle in a tissue culture hood and then aliquoting 1 ml of the diluted stock to sterile

15 ml tubes containing 9 ml DPBS.  The final trypsin concentration was thus 0.25%.

Typically 1 ml of the 0.25% trypsin was used per 100 mm tissue culture plate (Corning,

Corning, NY).  To aid in cell splitting, Enzyme Free Cell Dissociation Solution

(Specialty Media, Inc.) was used without further dilution in equal amounts with 0.25%

trypsin.

Frozen cells for cultures used in these experiments were stored in a solution of DMEM

with 20% FBS, 5% DMSO, and 5% glycerol in cryogenic vials in liquid nitrogen in

Akers’ Laboratory.

2.1-2  Procedure: Initiation of Cell Cultures from Frozen Cells

Typically, cultured cells were started from vials of frozen cells which had been kept in

long-term liquid nitrogen storage.  Cell cultures for these lines are generally useable for

40 to 50 passages with weekly passages.  To thaw a vial, the vial was agitated by hand in

a 37°C water bath.  When thawed, the contents were transferred by pipette to a 50 ml

plastic centrifuge tube (Fisherbrand) containing 10 ml of pre-warmed DMEM plus 10%

FBS in a tissue culture hood.  The cells and media were mixed by aspirating and

releasing the contents by pipette. This was done to wash the storage solution from the

thawed cells.  The cell suspension was then centrifuged (Hermle Z320, Vanguard

International, Inc., Neptune, NJ) for 10 min at 1000 x g (2700 rpm) to form a pellet of

cells at the bottom of the centrifuge tube.  The liquid was then decanted from the cells by

gently pouring the liquid into a waste container in the tissue culture hood.  The pellet was

resuspended in 2 ml of DMEM plus 10% FBS using a pipette to mix the cells and media.

The resuspension was added by pipette to a 100 mm diameter tissue culture plate

containing 10 ml of pre-warmed DMEM plus 10% FBS.  The tissue culture plate of cells

were then placed in a 37°C with 5.0% CO2 incubator (Baxter Ultra-Tech WJ 301T,

Scientific Products) with a pan of deionized water for humidification.  The suspended
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cells in the tissue culture dish settled out of the media during the next few hours to form a

monolayer of cells adhering to the bottom of the dish.  After 24 hr, the media was

aspirated out and replaced with 12 ml DMEM plus 10% FBS.

2.1-3  Procedure: Maintenance of the Cell Cultures

The growing cells were maintained in culture by “splitting” or “passaging” the cells after

the monolayer of cells reached confluency on the 100 mm tissue culture plate.  Normally,

cells will continue to proliferate attached to the bottom surface of the tissue culture plate

in a monolayer until spaces between the cells are filled.  Cell mitosis will then essentially

stop due to the mechanism of contact inhibition.  Confluency is the term used to describe

the state in which the cells are surrounded on all sides by other cells.  At this point the

cells assume a “cobblestone” appearance when viewed using a phase contrast

microscope.

Figure 2.1 illustrates pre-confluent SV40-IGF-I cells (passage 11) growing on a tissue

culture plate.  Open spaces are visible between growing clusters of cells.  These cells

were seeded at 2x105 cells/ml 3 days before the photo was taken.  Figure 2.2 illustrates

confluent SV40-IGF-I cells (passage 11) plated with 2x106 cells/plate 3 days before the

photo was taken.  Figure 2.3 shows MAC-T cells (passage 10) seeded at the same time as

the SV40-IGF-I cells in Figure 2.1, but with a density of 5x105 cells/plate.  Figures 2.2

and 2.3 are not the same scale, however the SV40-IGF-I cells do appear to crowd to

higher numbers per unit area under the same experimental conditions as MAC-T cells.

To passage cells, the old media was removed from the tissue culture plate and cells were

washed with 5 ml of DPBS.  One ml of trypsin and one ml of Enzyme Free Cell

Dissociation Solution were added to the plate and the plate was placed in the incubator

for approximately 20 min.  Trypsinized cells ready for passaging appear to be suspended

as spheres and move freely across the field of view when the plate is gently agitated with

a side to side motion.  Since enlarged cells (see Figure 2.2 for an enlarged cell) in general

release more readily than the healthier cells, care was taken so that nearly all of the cells
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were released from the plate for passaging (P. Boyle, Virginia Tech, personal

communication).  Trypsinized cells were resuspended in 5 ml DPBS.  One to two drops

of the well mixed cell solution was removed to a microcentrifuge tube for cell counting.

Cell counts were performed using filtered trypan blue (Gibco) to stain the nuclei of dead

cells (trypan blue exclusion assay) and counting the live cells using a hemacytometer.

Figure 2.1  SV40-IGF-I cells (passage 11) with less than 50% confluency. Cells were

plated at 2x105 cells/plate 3 days before the photo was taken.  Cells grouped together are

clusters of cells that have divided.  Open spaces are visible which will fill with cells as

they continue to divide.

The 50 ml centrifuge tube containing the cell suspension was centrifuged for 10 min at

1000 x g (2700 rpm) to form a cell pellet.  The supernatant was decanted to a waste
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container, and the pellet of cells was resuspended in 1 to 2 ml of DMEM plus 10 % FBS.

Cells were less likely to clump when initially resuspended in 1 ml of media.  The

resuspended cells in the desired concentration were added to 100 mm tissue culture plates

containing 12 ml of pre-warmed DMEM plus 10% FBS.  The covered tissue culture

dishes were placed in the incubator.

Figure 2.2  SV40-IGF-I cells (passage 11) with 100% confluency.  Cells were plated with

2x106 cells/plate 3 days before the photo was taken.  Cells are crowded with no open

spaces.

Cells plated for use in Cytosensor® Microphysiometer (Molecular Devices, Sunnyvale,

CA) experiments were plated at a density of 1 million cells per 100 mm plate to be split

during the next 1 or 2 days for seeding on insert membranes.  This was to assure that the
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cells were at approximately the same growth state prior to the experimental runs and that

the cells were confluent or very nearly confluent prior to seeding.  Once in a lag phase,

which occurs when the monolayer becomes crowded, the cells did not initially divide as

quickly as cells which had just reached confluency.  Although the cells are still fine and

grow well, this lag phase was avoided so that cells would consistently grow to the same

concentration on the capsule cup membrane and give reproducible results.

Figure 2.3  MAC-T cells (passage 10) with 100% confluency.  Cells were plated at 5x105

cells/ml 3 days before the photo was taken.  The cells have divided to where the cell

edges are in contact.  An enlarged cell is visible just right of center.

Cells that were being plated to maintain the cell line between experimental runs were

plated at 200,000 to 500,000 cells per tissue culture plate.  Cells were observed every 1 to
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2 days for general appearance and possible contamination; and the media was changed

every 3 days by aspirating and discarding old media, washing the cells with 5 ml of

DPBS, and replacing the media with 12 ml of DMEM plus 10% FBS.  Cells were

maintained in this manner for approximately 7 days before requiring passaging.

These cell lines are known to be stable for 40 to 50 passages before morphological

changes occur (P. Boyle, Virginia Tech, personal communication).  It was noted that

decreased ECAR responses occurred during the microphysiometer studies when plates of

cells started to show increased numbers of enlarged cells.  This was thought to be due to

environmental stressors such as the deprivation of carbon dioxide which occurred during

incubation in one instance or during the transportation of cells to another locale during

building maintenance in another instance.  When this occurred, new cell cultures were

started from the frozen cells in liquid nitrogen storage.

2.2  Cell Counts

2.2-1  Hemacytometer Cell Counts

To count live cells, 20 µl of cell suspension was added to 20 µl of filtered trypan blue

(Gibco).  Dye crosses the cellular membrane of dead cells due to failure of the membrane

transport system and stains the nucleus a dark blue color.  Each grid square of the

hemacytometer slide (Figure 2.4) represents a volume of 10-7 m3. To avoid counting the

same cell twice, cells touching only the upper and left lines of each square as well as the

cells within each square were counted per square.  Cell number was calculated as

follows:

cells = count*df*(1x104)*vol

cells = total number of cells in original suspension

count = average cell count per hemacytometer square

df = 2 = dilution factor from suspension + dye



28

(1x104) = hemacytometer square/volume = 1 square/10-4 ml

vol = total volume of original suspension in ml

For total cell counts, (not differentiating the distinction between live and dead cells) the

dye was omitted and the dilution factor was omitted (i.e. df=1).

Figure 2.4  Cells are counted in five squares (as circled) of the nine square counting grid

of the hemacytometer slide.  An average cell count/hemacytometer square is computed.

2.2-2  Coulter® Counter Cell Counts

The Coulter® Counter (Model Z1, Serial No. Z1203298, Coulter Electronics Limited,

England) was zeroed by flushing out the disinfectant Coulter Clenz (Coulter Corp.) with

ISOTON-II (Coulter Corp.) and sampling ISOTON-II solution until readings fell below

70.  To count cells in a cell suspension using the Coulter® Counter, 0.5 ml samples of the

cell suspension were added by micropipette to sample cups containing 10 ml of

ISOTON-II.  Measurement of the sample was taken in triplicate using the digital display

keypad.
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Calculation of cell number was computed as follows:

cells= vol*(count*10.5) ÷ (0.5*0.5)

Where

cells = total number of cells

vol = volume of original suspension in ml

count = cell count on Coulter® Counter display

10.5 = mls of cell suspension + ISOTON-II in counter cup

0.5 = mls of original cell suspension sample

0.5 = mls sampled by counter

2.3  DNA Assays

DNA assay of samples of cell suspensions of different densities were performed.  These

measurements of DNA concentration were correlated to cell density so that approximate

cell counts in subsequent experiments could be determined from measurement of DNA

alone.

2.3-1  Solutions Used for DNA Assays

2X buffer was prepared by adding 14.2 g Na2HPO4 (Sigma), 234 g NaCl (Sigma), and 1.5

g Na2EDTA•2H2O (Sigma) to 800 ml of deionized water in a flask on a stir plate.  After

the additives were dissolved, deionized water was added to bring the total volume of

solution to 1 liter.  The pH was then adjusted to 7.4.

To prepare the 1X buffer solution, either a solution one half the amounts of substances

above were added to 800 ml of deionized water and the total brought to 1 liter before

adjusting the pH, or 2X buffer was mixed with deionized water in equal parts.
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Standard DNA solution was prepared by diluting 1 part calf thymus DNA (Sigma)

dissolved in sterile deionized water at a concentration of 1 mg/ml and stored at -70°C

with 99 parts DPBS for a 1:100 dilution.

Dye solution for use with the fluorometer was prepared by adding 100 µl of concentrated

dye stock solution to 4.9 ml of deionized water.  Concentrated dye stock consisted of 10

mg Hoechst 33258 dye (Sigma) in 10 ml deionized water and stored at 4°C in a foil

shielded bottle to protect from light degradation.  Working dye solutions were prepared,

shielded with aluminum foil, and added to samples as the last step before DNA analysis

by fluorometer.

2.3-2  Calibration of Fluorometers for DNA Analysis

The fluorometer was calibrated prior to each run using the dilutions of the DNA standard

solution shown in Table 2.1.  For use with the TKO 100 Mini-fluorometer, all samples

Table 2.1

DNA Concentrations for Standard Curve

DNA Concentration Volume DNA Standard Volume 1X Buffer

(µg/sample) (µl) (µl)

0 0 1900

0.1 10 1890

0.2 20 1880

0.4 40 1860

0.8 80 1820

1.6 160 1740

3.2 320 1580
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in Table 2.1 were used to graph a standard curve to correlate µg DNA to values of

absorbance from the fluorometer.  Sample readings were displayed as absorbances.  The

DyNA Quant 200 Fluorometer automatically recorded DNA content in ng/ml from two

DNA standard concentrations, so two points were measured:  the zero point of 0 µg DNA

and an endpoint of 1.6 µg DNA.  Figure 2.5 shows a sample standard curve using the

concentrations showed in Table 2.1.

DNA Standard Curve

Absorbance = 446.48 (DNA) + 5.312
R2 = 0.9996

0

200

400

600

800

1000

1200

1400

1600

0 1 2 3 4

DNA (ug/well)

Figure 2.5  Sample DNA standard curve: each concentration of standard DNA was

sampled in duplicate (m, u).  All sample points are plotted. Trendline was determined

with Microsoft® Excel.

2.3-3  Preparation of Samples for DNA Assay from Cell Monolayers Growing in the

Wells of 24 Well Tissure Culture Plates

After discarding old media, the cells in each well were washed with 1 ml of DPBS.  To

each well, 250 µl of 0.25 % trypsin solution and 250 µl of Enzyme Free Cell Dissociation

Solution were added by pipette.  The plate was then incubated for at least 20 min. (In
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later experiments the plate was incubated overnight as this seemed to give more

consistent results for analyzing insert membranes to be described later.)  500 µl of 2X

buffer for DNA assay were added to each well and the content of each well was removed

by pipette to a microcentrifuge tube.  The content of each tube was then sonicated for 15

sec using a Fisher Sonic Dismembrator Model 300 (Fisher Scientific) at 35% to break the

cell membranes and release the intact DNA to the solution.

2.3-4  Preparation of Samples for DNA Assay from Cell Monolayers Growing on

Capsule Cup Membranes

Membranes were removed from capsule cups (CoStar) by tracing the outer membrane

perimeter with a 22 gauge needle and allowing the membrane to fall into a

microcentrifuge tube.  250 µl of 0.25 % trypsin and 250 µl of Enzyme Free Cell

Dissociation Solution were added to each tube.  The tube content was sonicated for 15

sec.  Samples for DNA analysis were prepared as for the 24 well tissue culture plate

samples, using 200 µl of the solution surrounding each capsule cup membrane for DNA

analysis.

To prepare the samples for the fluorometer, each microcentrifuge tube was vortexed

briefly, and 200 µl of the content of each microcentrifuge tube were removed by pipette

to a 12 x 75 mm borosilicate glass tube.  To each of these glass tubes was added 1.7 ml of

1X buffer and 100 µl of the working dilution of Hoechst 33258 dye.  After all the

samples were prepared in duplicate, they were measured sequentially on the fluorometer.

2.4  Cytosensor Microphysiometer System Studies

The Cytosensor Microphysiometer detemines the response of cells to stimulation by

measuring minute changes in the extracellular pH from a monolayer of cells grown on a

capsule cup membrane exposed to some stimulus.
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2.4-1  Seeding of Capsule Cups for Use on the Microphysiometer

Cell suspensions were prepared by trypsinizing 1 to 2 day old plates of cells as previously

described (Section 2.1-3) and resuspending the cell pellet in the appropriate amount of

DMEM plus 10% FBS to obtain the desired cell concentration.  Each capsule cup was

placed in an individual well of a 12-well tissue culture plate (CoStar) under sterile

conditions.  Cell suspensions were prepared in 50 ml centrifuge tubes and, periodically

during seeding, capped and gently rotated while holding the cylinder end to insure good

distribution of the cell suspension.  To seed the insert membranes, 900 µl of cell

suspension was applied dropwise to the center of the each insert porous membrane to

insure development of a confluent monolayer of cells.  After seeding the inserts, 2 ml of

DMEM plus 10% FBS was added to each well outside the capsule cup chamber.  The

tissue culture plate was covered and placed in a 37°C 5.0% carbon dioxide, water

humidified incubator.  Media was replaced with DMEM plus 10 % FBS or plain DMEM

(no FBS) by aspirating the old media with a plastic pipette tip to avoid the possibility of

scratching and tearing the membrane with glass, and replacing the media.  No rinse step

was done.

Control wells for the capsule cups were prepared by adding 900 µl of cell suspension to

the center of each well of a 24-well tissue culture plate in a dropwise manner.  The

treatment of cells in these control wells paralleled that of the cells in the capsule cups in

that the media was changed at the same time and cells were trypsinized for DNA analysis

at the same time that capsule cups were removed for experimental runs on the

microphysiometer.  Although the support structure for the monolayer of cells differed

slightly in size (1.5 cm vs. 1.2 cm) and in substance (solid polycarbonate surface vs.

porous polycarbonate membrane) between the control wells and the capsule cups, a

quantitative relation between the two was sought to estimate cell count on the membrane

surface on the basis of DNA measured from the trypsinized control wells.
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2.4-2  Preparation of Running Media Used on the Microphysiometer

Since the microphysiometer detects small changes in pH, a low buffer media was used as

a running media.  Small pH changes would be masked by the buffering capacity of the

media normally used for the cell culture in an incubator.  The media used in our work

was low buffer Roswell Park Memorial Institute (RPMI) media as recommended by

Molecular Devices.  To prepare this medium, 1 container Cytosensor® Microphysiometer

Modified RPMI 1640 for 1 liter was added to approximately 800 ml of deionized water in

a flask along with 1 g bovine serum albumin (BSA) (Fraction V, Sigma) to prevent the

sticking of IGF-I to the microphysiometer tubing surface.  (To test the need for BSA in

the system, we ran a test on the microphysiometer using IGF-I with and without BSA.

Cells did not respond with stimulation to IGF-I in buffer prepared without BSA).  The

solution was stirred until the additives were dissolved.  Deionized water was used to

bring the total volume to 1 liter.  The mixture was then filter sterilized under a tissue

culture hood and stored in sterile bottles at 4°C. RPMI was prepared no more than 3 days

in advance.  On the day of a run, the pH of the media was checked and NaOH or HCl was

added as needed to bring the solution to a pH of 7.4.  The media was treated as clean but

not sterile at this point and any remaining at the end of the day was discarded.

2.4-3  Preparation of Capsule Cups in Sensor Chambers for Experimental Runs

Sensor chambers containing sterilant were taken to the tissue culture hood and the

sterilant aspirated out by bulb pipette, taking care not to scratch the chip on the chamber

bottom.  Each chamber was rinsed 5 times by pipetting sterile water into the chamber and

then aspirating to waste.  This step removed sterilant which is toxic to the cells.  The

chambers were then rinsed with RPMI once using the same method. RPMI was added by

pipette to the point where the sloping walls became vertical, taking care not to introduce

bubbles.  The chambers were then set aside.

The capsule cups containing the seeded cells were prepared by dropping a spacer ring

(Molecular Devices) using tweezers into each cup (Figure 2.6).  The spacer ring was then
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submerged through the media to the cell monolayer by gently tapping in a circle around

the ring with the tweezers.  A capsule cup insert (Molecular Devices) was then placed

into each capsule cup above the spacer and submerged by pipetting RPMI into the insert.

At all times it was imperative to prevent bubbles from being introduced to the system.  If

bubbles were noted, they were tapped to the surface and removed by bulb pipette.  At this

point each capsule cup with its contents was lifted by tweezers into a sensor chamber.  A

final check was made for bubbles, and the chambers were transported in a covered

container to the microphysiometer.

Figure 2.6  Schematic of the assemblage of a capsule cup with seeded cells which is

placed in  the sensor chamber of the microphysiometer.  (Reproduced with permission,

Molecular Devices, Sunnyvale, CA.)
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2.4-4  Preparation of Solutions to Use on the Microphysiometer

Test solutions were prepared at the desired concentrations in dilutions with running

buffer.  When comparing different concentrations or different agents, test concentrations

of diluents (such as HCl or acetic acid) for each added agent were replicated in every test

agent and in the running buffer.  This was done to insure any pH response was solely due

to a biological effect of the agent under investigation.

2.4-5  Cytosensor Microphysiometer Experimental Runs

Running buffer was placed at each sipper tube, and the sensor chambers containing the

prepared capsule cups were placed on the microphysiometer.  The Cytosoft® software

was activated and the calibration part of the program was initiated.  Tracings of cellular

pH raw and rate data were observed for disturbances caused by trapped bubbles or

cellular response during a one hour equilibration period.  Evidence of bubbles or

electrical connection problems were corrected, and channels were recalibrated as

necessary until cell responses were stabilized.

Figure 2.7 shows how a bubble appears on the rate data.  Bubbles appear at 14, 28, and

78 min.  If the bubble is successfully cleared as in these instances, the signal on the graph

is resumed.  The first 60 min or so of an experimental run is the equilibration period.

During this time, disturbances from bubbles or electrical contact are corrected as the

signal achieves a stable baseline.  The characteristic peaks that result from the IGF-I

challenges begin at 88 min in this figure.  This illustrates how clearly disturbances from

bubbles can be distinguished from the cell response to IGF-I.

After at least 20 minutes of stable signals, a “sham switch” in which a valve switch from

one running media solution to a second running media solution was performed.  This was

done to identify any change in cell response due to the mechanical switching of solutions

before a different agent was introduced for testing.  In initial experiments, the next

challenge was with the agent in question.  In later experiments, another valve switch was
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Figure 2.7  The disturbances at 14, 28, and 78 min are due to bubbles that are

subsequently cleared from the sensor chambers during the equilibration period.  IGF-I

peaks begin at 88 min.  The data is not normalized.

performed to return the cells to the first running media solution before challenging the

cells with the agent in question.  Data from all runs were saved by the Cytosoft software

for later analysis.

2.4-6  Staining of Capsule Cup Membranes Used in Cytosensor® Microphysiometer

Experiments

After experimental runs on the microphysiometer were completed, the capsule cup

membranes were stained as recommended by Molecular Devices. Staining was done to

verify confluency and even surface coverage of cells, as the growing monolayer on the

polycarbonate membrane cannot be visualized under the microscope using light

microscopy.
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2.4-6a  Reagents

Crystal violet stain was prepared by adding 20 mg crystal violet to 10 ml of 100% ethanol

for a 0.2 % solution of crystal violet.  Solutions of 70 % and 95 % ethanol were also

prepared.

2.4-6b  Procedure

The capsule cup inserts were carefully removed from the capsule cups with the cell

seeded membranes using tweezers to avoid disrupting the cell monolayer.  The capsule

cups were then removed from the well plates and placed in a 100 mm culture plate.

Remaining media was carefully aspirated out of the capsule cups using a plastic tipped

pipetter.  The blue spacer rings were left in place on the membrane surface.  A Kimwipe

was use to wick moisture from the underside of the membrane, and the capsule cup

returned to the flat surface of the tissue culture plate.  0.5 ml of 70 % ethanol was added

by plastic pipette to the inner wall of each capsule cup so that the alcohol ran down the

wall to the membrane surface.  The membranes were allowed to stand for 15 min.  The

70 % ethanol was aspirated out of each capsule cup and replaced with 0.5 ml 95 %

ethanol.  This was allowed to stand for 5 min.  (The purpose of the stepwise alcohol

addition was to replace the cellular water with ethanol prior to the introduction of the

crystal violet stain.)  The ethanol was then aspirated by pipette and the capsule cups were

placed on a paper blotter to absorb excess moisture for 1 min.  250 µl of the crystal violet

solution was added to each capsule cup on the blotter paper.  After 15 min, the capsule

cups were rinsed with deionized water to remove excess stain.  Once again, the liquid

was introduced to the inner wall to avoid disrupting the cell monolayer, and the water

was allowed to drain to the laboratory sink.  The capsule cups were then placed on a

tissue culture plate and inspected under the microscope for stain distribution and any

holes or tears in the cell monolayer.
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2.5  Harvesting of Proteoglycan from Cultured Cells

To harvest proteoglycans from cultured cells, 10 to 30 confluent plates of cells were

prepared.  The cells were washed by removing the old media and replacing it with plain

DMEM (no FBS) to remove traces of serum.  After incubation for 1 to 24 hr with the

plain DMEM wash, the media was replaced with fresh DMEM which became the

conditioned media from which cell secreted proteoglycans were isolated.  Radiolabeled

proteoglycan was prepared by adding 0.25 to 0.50 mCi 35SO4 tracer (NEN Life Science

Products, Boston, MA) to each plate to label the glycosaminoglycan chains.  Conditioned

media was collected by aspiration from the plates and centrifuged for 10 min at 1000 x g

to remove cell debris (thereby eliminating the possibility of secreted proteases from

digesting proteoglycan).  The proteoglycan fraction was separated from the conditioned

media by anion exchange chromatography.

2.6  Purification of the Proteoglycan Fraction of Conditioned Media Using Anion

Exchange Chromatography

2.6-1  Reagents

Tris buffered saline (TBS) solutions were prepared with different salt concentrations for

use on the column: Basic TBS plus urea (0.15 M NaCl, 1 M urea, pH 8.0) was prepared

with 1 liter de-ionized water, 4.44 g tris-HCl (American Bioanalytical, Natick, MA), 2.65

g tris-base (Gibco), 8.77 g NaCl (Mallinckrodt), 60.06 g urea (Fisher Scientific).

Preparation with higher NACl content (0.3 M NaCl, 1.5 M NaCl, and 3.0 M NaCl) were

also made by adding the appropriate amounts of NaCl.  The solutions were de-aerated for

10 to 20 min to prevent the introduction of air bubbles into the Q-Sepharose column.

2.6-2  Preparation of Column

Approximately 2.5 ml of Q-Sepharose gel (Sigma) was added to a 10 ml graduate

cylinder.  Three ml of TBS (0.15 M NaCl, 1 M urea, pH 8.0) were added to the gel.  The
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top of the graduate cylinder was covered with parafilm and the cylinder inverted to rinse

ethanol from the gel beads.  The gel beads were allowed to settle in the solution to about

3 ml, and the clear eluant above the gel surface was decanted to waste.  This was repeated

once with additional TBS (0.15 M NaCl, 1 M urea, pH 8.0).  The gel was slowly poured

into the 1.0 x 2.5 cm column (Sigma) secured on a ring stand and filled three fourths of

the column height with TBS.  As the poured gel reached the water, the stopcock was

opened to allow good packing of the gel beads.  The assembled column was placed in a

4°C refrigerator on a plastic tray (because of radioactive isotope labeled proteoglycans in

the conditioned media), and the height of a 50 ml centrifuge tube (Fisherbrand, Fisher

Scientific) containing TBS (0.15 M NaCl, 1 M urea, pH 8.0) was adjusted to allow flow

through the column at a rate of 1 ml/min.  The column was packed and equilibrated by

running through 30 ml of the solution.

Urea was added to the conditioned media to make a 1 M urea solution.  The conditioned

media was then mixed gently by turning the capped 50 ml tube to minimize the

introduction of air to the column and refrigerated at 4°C for 30 min.  The urea was added

to disrupt any aggregation of proteoglycan or protein and proteoglycan in solution and

improve sticking of the proteoglycan to the Q-Sepharose beads during loading.  During

fractionation the urea helps prevent the proteoglycan from reaggregating downstream

from the column.

The 1M urea solution of conditioned media was loaded onto the column by switching the

tube of TBS (0.15 M NaCl, 1 M urea, pH 8.0) with the tube of conditioned media.  The

column was watched as the conditioned media flowed through the column at

approximately 1 ml/min so that once the column became saturated with the red from the

media (as evidenced by the line of fluid exiting the column changing from colorless to

pink), the flow could be stopped.  The exiting “flow-thru” was collected and stored at

4°C.

Once the column was fully loaded, flow from conditioned media was stopped and the top

removed from the column so that fluid could drain from the column until the fluid level
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was flush with the top of the gel.  Care was taken not to allow the fluid to drop below this

level, as drying of the gel would cause immediate fissures in the body of the gel column,

compromising the effectiveness of the column by forming tunnels through which fluid

would pass.  For effective fractionation, it is imperative that the liquid pass down the

bead column as a bolus to achieve plug flow, with the proteoglycans released from the

beads at the appropriate concentration of salt solution.

With the fluid level even with the top of the gel column, TBS (0.3 M NaCl, 1 M urea, pH

8.0) was pipetted onto the top of the column.  Flow was then resumed with the TBS (0.3

M NaCl, 1 M urea, pH 8.0).  The exiting fluid carried the dye fraction from the column

and is referred to as “0.3 M wash”.  When the exiting fluid became colorless and the gel

column once again appeared white, the entering flow was stopped and fluid was allowed

to continue to drain as before to the level of the top of gel column.  The flow was then

stopped and TBS (1.5 M NaCl, 1 M urea, pH 8.0) was gently added 1 ml at a time by

pipette to the sidewall of the column to bring up the fluid level.  The column incoming

line was flushed with TBS (1.5 M NaCl, 1 M urea, pH 8.0) and the column top with

incoming line carrying TBS (1.5 M NaCl plus 1 M urea) was re-attached.  The exit line

was attached to a fraction collector (BioRad Model No. 2110) set to accumulate 1 min

samples.  The column stopcock was opened at the same time collection by the fraction

collector was initiated.

At the salt concentration of TBS (1.5M NaCl, 1 M urea, pH 8.0), proteoglycan is released

from the Q-Sepharose gel, and appears in its most concentrated solution in several

fractions.  Fraction collector samples were capped and refrigerated until analyzed by

DMB spectrometry assay for presence of proteoglycan.

At the end of fractionation, the column was flushed with TBS (3.0 M NaCl, 1 M urea, pH

8.0) for at least 30 min or 30 mls of fluid to wash any residues from the beads prior to

subsequent experimental runs.  The column was occluded with this solution or flushed

with TBS (0.15 M NaCl, 1 M urea, pH 8.0) in preparation for another sample load.
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2.7  Detection of Glycosaminoglycan Fraction using DMB (Dimethylmethylene Blue)

Dye Binding Assay for Proteoglycan

The dimethylmethylene blue assay is specific for the quantitative analysis of sulphated

glycosaminoglycans in solution (Farndale, et al., 1986).

2.7-1  Reagents

DMB dye was prepared by mixing 500 ml de-ionized water, 470 µl HCl (stock 36-38%

HCl, EM Science, Gibbstown, NJ), 1.185 g NaCl, 1.520 g glycine (American

Bioanalytical), and 0.008 g dimethylmethylene blue (Aldrich Chemical Co.) in a brown

bottle (due to light sensitivity of the mixture).  Dye was stored away from light and had

an absorbance of approximately 0.34 when measured at a wavelength of 525 nm on the

spectrophotometer zeroed to deionized water.

2.7-2  Procedure

The procedure was essentially the same whether the Hitachi U-2000 Spectrophotometer

(Hitachi Instruments, Inc., Danbury, CT) or the Spectronic Genesys 5 Spectrophotometer

(Spectronic Instruments, Inc.) was used. The spectrophotometer was set to read at the

wavelength of 525 nm. The absorbance of the DMB dye alone was checked to be in the

near vicinity of 0.34 angstroms. Cuvettes were then prepared by adding a small sample

(such as 20 to 40 µl) from each fraction collection tube to a corresponding cuvette.

The spectrophotometer was zeroed to an equal amount of sample diluent (i.e. TBS (0.15

M NaCl, 1 M urea, pH 8.0) for undialyzed samples from the fraction collector) plus 1 ml

of dye.  Two additional cuvettes with diluent and dye were sampled to check the zero.

The fraction samples were then read one at a time by adding the dye just before sampling

to avoid degradation of the dye.  Using this method, the absorbance readings reached a

peak in the tubes containing the most proteoglycan, and gradually trailed back down to
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zero or undetectable levels of proteoglycan with subsequent samples.  Figure 2.8 shows

an example of fractionated samples tested on the spectrophotometer.

DMB Assay of Unlabeled SV40-IGF-I Proteoglycan  
(Day 1, Run 1)
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Figure 2.8  An example of proteoglycan samples analyzed by DMB assay shows a peak

at fractionator sample tube 5 with reduced amounts of proteoglycan in the next few

sample tubes.  Analysis on the Hitachi U-2000 Spectrophotometer.

2.7-3  Standard Curve for Computing Amount of Proteoglycan (Glycosaminoglycan

Concentration) via DMB Assay

Using the procedure described in the previous section, a standard curve was prepared by

assaying known quantities of heparan sulfate (Sigma) in the same diluent used in the

samples investigated.  Concentrations of samples for the standard curve are shown in

Table 2.2; a sample standard curve is shown in Figure 2.9.
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Table 2.2

Amounts of Heparan Sulfate and Diluent Mixed to Prepare

20 µl Samples for a Standard Curve

µl Heparan Sulfate (1 µg/µl) µl Diluent (for a 20 µl sample)

0.25 19.75

0.5 19.5

1.0 19.0

2.0 18.0

4.0 16.0

5.0 15.0

DMB Assay Standard Curve for 
Heparan Sulfate

Absorbance = 0.0723(ug Heparan sulfate) - 0.0031
R2 = 0.9857
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Figure 2.9  The standard curve using the DMB assay was found for heparan sulfate in

TBS (1.5 M NaCl, 1 M urea) with the concentrations listed in Table 2.2. Trendline was

determined with Microsoft® Excel.
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2.8  Detection of Core Protein Fraction Using the Bio-Rad Protein Assay

The procedure for determining the quantity of protein in our proteoglycan sample was the

same as for detecting glycosaminoglycans using the spectrophotmeter except that instead

of DMB dye, a solution of Bio-Rad Protein Assay Dye Reagent (Bio-Rad) was used

(based on the Bradford Assay).  Unlike the DMB dye solution which is light unstable, the

Bio-Rad dye solution may be added to all of the cuvettes prior to analysis.

For a 1 ml solution in each cuvette, 200 µl Bio-Rad dye and 600 µl de-ionized water were

added to 200 µl of sample plus diluent. Samples were then analyzed in a

spectrophotometer as described for the DMB assay (Section 2.7) with the wavelength set

at 595 nm and the spectrophotometer zeroed with a solution of 200 µl Bio-Rad dye, 600

µl deionized water, and 200 µl of diluent.

2.8-1  Standard Curve for Calculating the Amount of Core Protein on the

Proteoglycan Using Bovine Serum Albumin

A standard curve for the spectrophotomer was made by preparing cuvettes with BSA

dilutions from a 100 µg/ml solution of BSA as shown in Table 2.3.
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Table 2.3

Amounts of BSA and Diluent Mixed to Prepare

200 µl Samples for a Standard Curve

µl BSA solution µg BSA µl Diluent

0 0 200

15 1.5 185

25 2.5 175

50 5.0 150

75 7.5 125

100 10.0 100

A plot was made of absorbance at each concentration of BSA as seen in Figure 2.10.

Bio-Rad Assay Standard Curve 
for BSA

Absorbance = 54.376(BSA) - 0.16
R2 = 0.9929
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Figure 2.10  Standard curve for BSA using the Bio-Rad assay with the concentrations of

BSA listed in table 2.3.  Trendline was determined with Microsoft® Excel.
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2.9  Dialysis of Proteoglycan Sample

Samples of proteoglycan isolated by fractionation from the conditioned media were

further processed by dialysis to remove excess NaCl, urea, and, for radioisotope labeled

proteoglycan, free 35SO4
-2.  The sample in TBS (1.5 M NaCl, 1 M urea, pH 8.0) was

dialyzed against TBS (0.15 M NaCl, pH 8.0) without urea.  The dialysis took place at

4°C.

Two products were used: Spectra Por CE cellulose ester molecularporous dialysis

membrane (Spectrum, Houston, TX) with molecular weight cut off (MWCO) of 1,000

and Tube-o-dialzer with MWCO = 8000.  Both products were packaged in a 0.1 % azide

preservative solution which was rinsed thoroughly from the products prior to use.

To wash the Spectra Por tubing of this preservative, cut lengths of the flat tubing were

placed in a bath of TBS on a rocker platform for 30 min.  One end of each tube was

knotted by gently twisting one end without damaging the membrane until the twisted area

was narrow enough to knot.  The other end was opened by rubbing the end between the

thumb and forefinger of a gloved hand until the cut end opened.  TBS was added with a 1

ml pipette to the tube to fully open the tubing and aspirated back out.  Sample was then

added to the open end of the tubing and the open end knotted.  The filled dialysis tubing

was submerged in a liter of TBS.  With radioactively labeled samples, dialyzing fluid was

checked periodically for radioactivity in order to follow the progress of dialysis of free
35SO4

-2 from the samples.  Dialyzing fluid was periodically replaced with fresh solution

with a minimum of three changes.

The Tube-o-dialyzer was washed by allowing at least 2 ml of the TBS to drain through

the membrane cap and by thoroughly rinsing the container.  Sample was then added to

the container, and the membrane cap was screwed into place.  The container was then

inverted with a float holding the membrane just below the dialyzing fluid surface.

Additional floats were added to the fluid surface to prevent the container from tipping
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over and exposing the membrane to air.  A stir rod was added to the beaker for gentle

mixing of the outer fluid.

2.10  Characterization of the Proteoglycan Fraction Using Gel Filtration

Chromatography

The principle behind the technique of gel filtration chromatography is that the molecules

in a solution may be separated as they traverse the gel based on size alone.  The gel is

chosen to be relatively inert so that temperature, ionic strength of solution, urea, and pH

do not affect the stability of the gel beads.  The gel beads are packed on a column with a

known range of pore size through which the solution travels.  Smaller molecules enter

into the pores of the solid gel phase and are thus hindered in their passage through the

column.  Larger molecules are unable to enter into the small pores of the gel beads and

remain in solution.  The larger molecules thus exit the column first.  By collecting exiting

solution in one minute samples using a fraction collector, peaks of relative molecule size

can be determined.

2.10-1  Procedure: Preparation of the Gel Column

The gel was prepared by adding 70 ml of Sepharose Cl-6B (Sigma) to a 100 ml graduated

cylinder.  Approximately 35 ml of deaerated TBS was added and the cylinder was

inverted with parafilm held over the opening to allow mixing.  The beads were allowed to

settle, and the clear fluid was decanted.  This was repeated twice to wash the ethanol

from the beads.

The column, secured on a ring stand, was filled with approximately two thirds to three

fourths the height with deaerated TBS.  The bead solution was then poured slowly into

the column with the column stopcock open.  (The stopcock was opened as soon as the

first beads reached the top of the TBS solution in the column.)  After all of the bead

solution was in the column, the stopcock was closed and the beads were allowed to settle.

The stopcock was then opened to allow TBS solution to drain from the bottom of the
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column, however the solution was not allowed to drop below the upper surface of the gel.

The height of the solution source bottle was adjusted to achieve a flow speed of 1 ml/min

through the column.  The column then packed for at least 20 min before running a

sample.

2.10-2  Experimental Run Using Gel Filtration Chromatography

The introduction of TBS was stopped to allow the fluid in the column to drop to the level

of the top of the gel.  Sample was then introduced by pipette to the sidewall at the top of

the column to minimize disturbance of the gel surface.  The stopcock was opened to

allow the sample to fully load onto the gel.  When the fluid surface was once again even

with the top of the gel, TBS was added by pipette to the top of the gel.  The top of the

column was re-attached, the exiting fluid line was connected to a fraction collector, and

the stopcock was opened at the same time that the LKB-RediFrac Fraction Collector

(Pharmacia) was initiated.  To quantify the amount of 35S-labeled proteoglycan per

sample, 1 ml of scintillation fluid (Econo-Safe biodegradable counting cocktail, Research

Products International Corp, Mount Prospect, IL) was added to each fraction collector

sample tube.  The tubes were analyzed using a Tri-carb 2100 TR Liquid Scintillation

Analyzer (Packard Instrument Co., Downers Grove, IL).

2.10-3  Calibration of Gel Filtration Columns

Columns were calibrated by introducing molecules of known molecular weight such as

carbonic anhydrase and blue dextran.  To normalize the data of solutes on gel filtration

columns Kav is calculated:

Kav = (Ve-Vo) ÷ (Vt-Vo)

Where

Ve = elution volume = volume measured from the start of the elution graph to the center

of the peak of the solute
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Vo = void volume = volume measured from start of the elution graph to the center of the

peak of a high molecular weight standard

Vt = total volume of the packed bed = volume measured from the start of the elution

graph to the end of the peak of a low molecular weight standard

This is not a true partition coefficient, but it is easy to calculate compared to Kd which is

the true fraction available to the solute and takes into account the volume of the gel

matrix:

Kd = (Ve-Vo) ÷ (Vt-Vo-Vgel matrix)

The denominator in the equation for Kd is difficult to determine because the volume of the

gel matrix is not easily determined.

Table 2.4

Calculated Kav Values for Second Peaks*

Column SV40-IGF-I MAC-T

Sepharose CL-6B 0.07 0.17

Sepharose Cl-4B 0.27 N/A

Calibration curves can be drawn relating Kav values to the log of the MW. Second peaks

were chosen because the first peaks fell at or before the high molecular weight dextran.

2.11  Binding Assays

Binding studies to compare IGF-I and IGFBP-3 binding on SV40-IGF-I and BAE

(bovine aortic endothelial) cells were performed.  Cells were plated at given

concentrations in 24 well tissue culture plates.  SV40-IGF-I cells were seeded and media

was changed to mimic the conditions of growth followed by serum starvation of control



51

wells used in the microphysiometer studies.  BAE were seeded and serum fed or starved

as these cells would tolerate prior to the binding studies.

2.11-1  Reagents

IGF-I and IGFBP-3 were iodinated by Dr. R. M. Akers at Virginia Tech.  Dilutions of

these radioisotope tracers were prepared by adding 1 ml of the iodinated stock (0.5 ng/ul)

to 9 ml of receptor binding buffer for a 0.05 ng/ul solution.  Excess IGF-I and IGFBP-3

solutions were prepared by diluting solutions from Dr. Akers’ stock with receptor binding

buffer to concentrations of 800 ng/ml.  Receptor binding buffer of 0.5 % bovine serum

albumin (Sigma), 120 mM NaCl, 5 mM KCl (Sigma), 1.2 mM MgSO4•7H2O (Sigma), 15

mM NaAcetate (Sigma), 100 mM Hepes, and 10 mM dextrose with the pH adjusted to

7.4.  DPBS was used as a rinse.  A 0.3 N NaOH solution was used to harvest the cells.

2.11-2  Procedure

Media was aspirated from the tissue culture well plates prepared for binding studies

under the tissue culture hood.  Cells were washed with 1 ml per well of DPBS, and the

DPBS aspirated to waste.  Except for wells to be treated with excess IGF-I or IGFBP-3 to

which 1 ml of binding buffer was added to each well, receptor binding buffer was added

in amounts that would total 1 ml after tracer was added.  The plates were covered and

placed in a 4°C cold room or refrigerator for 15 to 30 min to bring down the temperature

of the cells, thereby stabilizing the receptors (i.e. slowing receptor internalization) for the

binding studies.  The plates were removed to a work table at room temperature to aspirate

out the buffer from cells to receive excess IGF-I or IGFBP-3.  One ml of excess reagent

was added to each of these wells.  Radioactive tracer was then added to each well. The

following volumes were used:



52

Table 2.5

Amounts of Receptor Binding Buffer and I125  Labeled IGF-I or IGFBP-3

Added to Each Well for Binding Studies

Volume of Receptor Volume of 0.05 ng/ul Amount per well

Binding buffer per well I125IGF-I or I125 IGFBP-3 I125IGF-I or I125 IGFBP-3

(µl) (µl) (ng)

995 5 0.25

990 10 0.5

980 20 1

960 40 2

920 80 4

840 160 8

680 320 16

360 640 32

To find the non-specific binding of IGF-I or IGFBP-3 to the cells, wells with excess cold

IGF-I or IGFBP-3 were prepared.  Instead of the receptor binding buffer at the given

concentrations, 1 ml of 800 ng/ml of IGF-I or IGFBP-3 was added to each well before

addition of the labeled agent. I125IGF-I or I125 IGFBP-3 were then added in the same

volumes listed in Table 2.4.

The tissue culture well plates were then incubated for 3 hr at 4°C.  After incubation, the

well plates were taken to the room temperature work table and the liquid aspirated to

radioactive waste.  Each well plate was washed twice with 1 ml DPBS per well.  The

DPBS wash was aspirated to radioactive waste.  The washes were done quickly so that

bound tracer would not have the chance to dissociate in significant amounts.  To each

well was added 1 ml of 0.3 N NaOH to harvest the cells, and the well plates were covered

and returned to 4°C overnight.  The content of each well was then aspirated by pipette
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and placed in individual 75x100 mm plastic or borosilicate glass tubes for analysis using

the COBRA II Auto-Gamma counter (Packard Instrument Company Downers Grove,

IL, Model D5002).

2.12 Statistical Analyses of Data

Data from multiple microphysiometer experimental runs were analyzed using regression

analysis of the combined data at individual challenge agent concentrations.  Microsoft®

Excel software was used to find the regression trendline for the data, and analysis of the

resultant regression curve was used to determine significance of the trendline slope

compared to zero.  Comparison of small samples of one condition with small samples of

another condition were achieved using an asymptotic test on StatXact software.  For these

comparisons, P-values based on a chi-squared distribution were computed for a two-sided

test.  P-values less than 0.5 were considered significant.  Standard error was calculated

for all averaged data where 3 or more points were averaged.  Where only 2 data points

were averaged, standard deviation was reported.

Parameters of binding studies were computed using Mathematica® as described in

Appendix A.  Analysis of the resultant regression was computed by the same.


