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CONFERENCE EXCLUSIVE

A Rational Approach to Monoclonal
Antibody Development According to
Predefined Assay Criteria

BY RICHARD T. ROOT

onoclonal antibodies

(MADbs) destined for

use in drug-specific

assays must meet spe-

cific binding criteria,
and therefore require much more in the
way of development than many protein-
specific antibodies. This article
describes one way to facilitate the devel-
opment of well-characterized, high
specificity MADbs. Essentially the same
techniques have also been used for pro-
ducing MAbs that are cancer markers
and MAbs that are specific for infec-
tious agents.

Monoclonal antibody development,
as in other endeavors, requires clearly
defined goals and an examination of
proposed methods to attain them. This
has been succinctly stated by the phrase
“Start with the end in mind.”!
Unfortunately, the vast majority of
hybridoma development could be more
appropriately described by Yogi Berra,
“If you don’t know where you are going,
you will wind up somewhere else” In
most laboratories, fusions are carried
out with the goal of reducing the
amount of cell culture and handling
required and using the minimum
amount of screening. Little or no con-
sideration is given to ensuring that sin-
gle clones are subjected to the screening
tests. Under these conditions, it is little
wonder that dozens of fusions can be
carried out, each with the same result —
no specific antibody found.

A basic (false) assumption in such
work is that specific MAbs can be found
in wells with multiple clones growing in
them! Although there are various
rationalizations for this, the fact is that
the majority of such fusions fail to pro-
duce useable results. Recognizing the
fallacy of that assumption is critical to
comprehending how to go about devel-
oping specific MADbs as efficiently and
quickly as possible, maximizing infor-
mation gained at each step.

The Poisson Distribution

Immediately following the fusion
process, the cells are distributed to cul-
ture microplates for growth and chemi-
cal selection. The density at which the
cells are distributed determines the like-
lihood of clonal growth, or the proba-
bility that growth in a well is due to a
single clone. The mathematical expres-
sion that best describes this likelihood is
the Poisson distribution. Therefore, it is
essential to examine this expression in
the light of maximizing the probability
that growth in a well is monoclonal,
while trying to avoid overwhelming
amounts of culture and screening work.
The Poisson distribution is shown
below:23
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where u is the average
number of hybridomas placed in the
well, e is the base of natural logarithms,
and 7 is the number of different clones.
F,, therefore, is the probability that
growth in a well is due to #» number of
clones. The original definitions of these
terms have been modified to reflect

minor differences between cytotoxic T
lymphocyte (CTL) determinations and
hybridoma screening. It should be
noted that u cannot be known a priori,
but can be calculated from the observed
fraction of wells showing no growth to
total wells plated. Solving the Poisson
distribution for n = 0, one obtains:
F,=e™" which solved for u renders
u = —In F,. So, for example, if one
observes that a given plating density
gives rise to growth in an average of 30
wells per plate, F, = (94-30)/94 = 0.68,
and the resulting u = —In (0.68) or 0.386.

The Poisson distribution can easily
be solved to provide the probability that
growth in a single well is due to only
one clone, as a function of u:

u

ue
(1—e™) This equation is the
most important form of the Poisson
distribution for purposes of specific
MADb development. From it we can
determine how many wells must be
plated out to attain the conditions men-
tioned above. This equation is charted
in Figure 1. Also shown in Figure 1 is
the number of 96-well culture plates
required to attain a given probability of
F,, calculated using an assumed stan-
dard number of splenic lymphocytes (2
x 108) per fusion and the plating effi-
ciency obtained. This figure shows the
relationship between assurance of
“monoclonality”(P;) and the amount of
culture work required. Although the
level of monoclonal assurance increases
nearly linearly with respect to the frac-
tion of wells showing growth, the num-
ber of plates required to attain that level
increases in an exponential manner. It
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Figure 1. The form of the Poisson distribution derived to solve for the probability that growth in
any well is monoclonal was used to develop this plot. Also shown is the number of plates
required, under the conditions given in the text, to arrive at a given percentage of plated wells
showing growth. The probability of monoclonal growth is a nearly linear function of percent of
wells with growth, while the number of 96-well culture plates required to attain a given level of
growth increases in an exponential manner. An observed percentage of growth of 30% is a
suitable compromise for developing MAbs. The resulting P; at that level of growth is about 85%.

Figure 2. This timetable has been very useful in planning multiple fusions with a relatively small
staff of scientists. The schedule has been found to be very reliable in the author’s laboratory,
enabling successful planning of concurrent projects.
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is clear from Figure 1 that culture con-
ditions leading to growth in every well
provide the lowest level of culture work.
It must be recognized, however, that
observed growth in every well cannot
be ascribed to any particular number of
clones, thus the condition may be due
to three or four clones per well as well as
20 or more. To expect to detect specific
binding characteristics, such as are
required for DAT or TDM assays, under
such conditions is unrealistic to say the
least.

Planning to obtain an average of
30% of the wells showing growth is a
good compromise between these two
opposing considerations. By using
multiwell manifolds and computer soft-
ware designed for record keeping and
data analysis, the culture and screening
work required under this scenario is
easy to handle. The screening plan is
typically designed to test for binding to
an analogous drug conjugate coated
onto the ELISA plate in the presence
and absence of free drugs. From one to
six different free drugs, cocktails of sev-
eral drugs, or different drug: conjugates
can be accommodated. Thus, impor-
tant information about the specificity
of the antibodies can be obtained soon
after the fusion. Judicious choices of
drugs and conjugates can identify likely
clones for further development early in
the process. Repeating the process
with different reagent choices will
reveal more information about the
specificities of clones upon subcloning.
Examination of the results can suggest
whether it is better to scrap the fusion
and go on to another, or to pursue sta-
bilization of the hybrids from the pres-
ent fusion. The information necessary
to make that decision is on hand within
10 to 20 days after the fusion.

Culture Conditions and Screening

Before further discussion of plating
and screening procedures, it is neces-
sary to outline the culture conditions, as
this affects the efficiency of single clone
growth. We use Iscove’s Modified
Dulbecco’s Medium (IMDM), modified
to contain 2.2 g/L of glucose and 6.8 g/L
of fructose. All other components are
unchanged from the original formula.



We find that using this modified media
allows for significantly higher cell densi-
ty and antibody production, as well as
longer culture life due to decreased lac-
tic acid production. Additives to this
medium are 10% fetal calf serum,
50 UM 2-mercaptoethanol, 20 uM
ethanolamine, 4 mM glutamine, and
the usual concentration of penicillin
and streptomycin antibiotics.  For
fusion and subcloning work we add
10% Condimed H1 (Roche Molecular
Biochemicals, Indianapolis, IN) as a
source of lymphokines and to eliminate
the need for feeder cells. The cryogenic
media is 95% fetal calf serum and 5%
DMSO. Usually the cells are placed
directly into the media, except when
preparing a large cell bank, in which
case the cells are added to the calf serum
and the DMSO is slowly added with
gentle stirring. The fusion plating
media includes HMT (hypoxanthine,
methotrexate, thymidine) and the feed-
ing media contains HT additives
(Sigma-Aldrich  Corporation,  St.
Louis, MO).

The schedule of the fusion, screen-
ing, and selection process is shown in
Figure 2. This timetable has been reli-
able for nearly every fusion of the more
than 200 that we have carried out in the
last five years. Six days after fusion,
about two-thirds of the chemical selec-
tion HMT media in each well is drawn
off, discarded, and replaced with an
equal volume of HT media. Clones are
allowed to grow for another four days,
then screening commences and usually
extends for four to five days to maxi-
mize the number of clones tested.
ELISA screening uses multiple plates for
testing specificity, then selected clones
are immediately subcloned by limiting
dilution in HT/Condimed H1-contain-
ing media. Growing subclones are test-
ed 10 days later, usually with a confirm-
ing ELISA and additional specificity
testing. Based on the uniformity of
results for sister clones, further sub-
cloning may be required to ensure sta-
bility. Cells left over from limiting dilu-
tion subclonings are expanded in cul-
ture, then cryogenically frozen and
stored as insurance against potential
processing mishaps. After useful, stable
clones are derived, primary cell banks

Figure 3. Screen Depiction of the GridDraw Program in Operation

The list on the left shows the plate number and well location of each well selected so far, sep-
arated by the "*" delimiter. The operator places the covered 96-well culture plate atop the near-
ly horizontal screen of a Macintosh laptop computer and points the cursor to each well show-
ing growth. A click of the mouse button enters that well location, along with the culture plate
number (in the black background field), into the selection list. Shift-clicking the mouse shifts
the plate number by one. Both positive and negative ELISA controls are automatically includ-
ed on each sample plate. The computer is usually placed on a cart adjacent to the sterile bio-
hood in which the plates are handled.

Figure 4. Screen Depiction of the CloneReader Program in Operation

This program reads the stored list of selections resulting from GridDraw and sequentially
speaks the plate number and well location of each selection into a pair of headphones at each
mouse click. The operator is free from distracting hand-written lists and is can concentrate on
transferring the required aliquot of culture supernatant from the source plate to the sample
plate. The time required for completing the daily transfers is approximately one-third to one-
quarter that which otherwise would be required.
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Figure 5. CloneData Tabulation of ELISA Data

The multiple ELISA assays run on each clone supernatant sample are assembled by this program
into a table format. Inspection of the tabulated results allows for rapid evaluation of the suit-
ability of each clone tested. An alternative view (not shown) allows for all data below the dis-
crimination level to be replaced by "----", simplifying the evaluation of large quantities of data.

Figure 6. Example of Evaluation of the Extended Specificity Panel for a Monoclonal Antibody
The analysis described in the text results in this document. A graph is incorporated showing the
binding curves of each drug tested. A table is included which shows the percent cross-reactions of
each drug, determined by the method of Abraham. The other table depicts the optical density reads
of each well on the assay plate, along with the molar concentration of each drug. Also available
(but not shown) are the parameters obtained from the four-parameter logistic least squares
best fit of the data. These parameters allow evaluating cross-reactivity by other methods as well.
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are prepared by freezing 5-10 vials.
Thus, within 10 days we have a good
idea of whether we are likely to find the
specificity we need from the present
fusion, and within 20 days we can con-
firm most of the criteria. For more
stringent requirements, it is necessary to
titer spent media and evaluate competi-
tive inhibition with a range of different
drugs at different concentrations.
Supernatants from expanded cultures
provide antibody amounts suitable for
this extended specificity profiling
against a panel of 12 to 36 drugs. This
last step can usually be completed by 40
days post-fusion for all clones.

Data Handling and Analysis

A particular requirement of this pro-
cedure is the necessity of having a good
record of what clones were tested
(fusion or cloning plate well number)
and then correlating the ELISA results
from all the tests with the record. This
is not trivial and initially involved
tedious work with spreadsheets and
manually entering well locations.
Although spreadsheet programs have
improved, we found it more efficient to
write programs devoted specifically to
these tasks. The aggregate of the pro-
grams, written in HyperCard, is
called FusionMaker. The three
programs — GridDraw, CloneReader,
and CloneData — were designed to
operate independently, but at the same
time complement each other as part of
a complete data handling system for
carrying out fusions.

GridDraw is designed to help auto-
mate the listing of wells to be tested
each day. When used on a Macintosh
laptop computer, the screen is adjusted
to a near horizontal angle and a covered
96-well culture plate is set on the screen.
A grid drawn by the program matches
the well boundaries (Fig. 3). Moving
the pointer to beneath a specific well
then clicking the mouse places the plate
number and well designation into a list
to the left of the grid. In this manner, all
wells ready to be tested may be listed.
This list is of the culture samples to be
sequentially placed into the sample
plate. Shift clicking the mouse advances
the plate number by one to accommo-



date the next plate. Several buttons
allow deleting the last entry (repeat-
able), printing, or saving the list. The
program automatically places a positive
and negative control in the last two
wells of every sample plate listing.
When all culture plates have been listed,
the list is saved as a text file.

This text file is then used by
CloneReader (Fig. 4) to speak the loca-
tion of each culture sample well, and the
destination well on the sample plate,
into the operator’s headphones. The
mouse is placed into the hood in a con-
venient location and one line is read per
mouse click. This way, the operator
working in a sterile flow hood does not
have to refer to a handwritten list, go to
the source plate to take a sample, place it
in the sample plate, then return to the
list. The operator is free to concentrate
on pipetting between the source and
sample plates. The screen also shows an
image, which remains until the next
mouse click, of the source culture plate
well and the destination well on the
sample plate to aid with any interrup-
tions. Upon completion, the sample
plate contains 94 culture supernatant
samples and spaces for the positive and
negative ELISA controls.

The sample plates are taken out of
the culture rooms and the different
ELISA assays are run. Typically, an
ELISA requires 40 pl of a 1:10 dilution
of the samples. This is accommodated
by sampling 25 pl of culture super-
natant, then adding 225 ml of PBS-
Tween buffer to each well. Positive and
negative controls are made up; the pos-
itive is typically a prediluted polyclonal
sera or previously developed MAb. For
complex assays and the predilutions, we
usually employ a Precision 2000 auto-
mated microplate fluid handler (Bio-
Tek, Winooski, VT) and programs
developed in-house.

Our ELISA assays involve allowing
the supernatant sample, with an equal
volume of PBS-T buffer or a known
concentration of free drug in the same
buffer, to incubate for one hour at 37° C
in walls precoated with drug-BSA con-
jugates, followed by washing and incu-
bation with 50 pl of a goat anti-mouse
IgG-HRP conjugate. Following incuba-
tion, the plates are washed and devel-

oped again with a suitable HRP sub-
strate for a predetermined amount of
time. The development is halted by
adding an equal volume of 1 N
hydrochloric acid.

ELISA results are read with a
microplate reader and the data stored as
plain text files on disk. If necessary,
other HyperCard programs are run to
extract data from formatting; the data is
then read by the CloneData program.
The files are ordered so that all ELISA
results are read sequentially. CloneData
reads the list of wells tested and tracks
them along with the positive and nega-
tive controls. It then assembles the data
from the different ELISA assays in tabu-
lar form with the clone list. This partic-
ular process has been independently
validated (a critical step in process
development) by colleagues using lists
of the clones and printouts of the differ-
ent ELISA results. Figure 5 shows a
sample of a fusion screen in which
clones were tested for binding to a drug-
BSA conjugate and for competitive inhi-
bition by a defined concentration of the
free drug, a metabolite of the parent
drug, and a structurally related drug.
An alternative is to enter a defined dis-
crimination level, below which
CloneData does not show any data,
rather “----” is inserted (not shown).
This is designed to aid in rapidly
inspecting long lists of results that can
occur when highly successful fusions are
encountered. As the figures show, most
clones tested are non-producers of a rel-
evant antibody. One clone, designated
MDN 1, produces an antibody that
binds to the drug conjugate and which
is inhibited strongly by the free drug
and unaffected by the metabolite or
related drug. Another, designated MDN
2, shows partial inhibition by the
metabolite, and a third shows more
inhibition by metabolite than by the
parent drug. Clearly, these results can
be interpreted in light of the original
assay criteria, such that the first clone
would be of interest for a drug-specific
assay, while the second and third would
not. The third would be of interest for a
product intended to detect either the
parent or the metabolite, but not a relat-
ed drug. The column on the left guides
the technician to the culture plate and
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well to find these clones (for immediate
subcloning by limiting dilution.) After
growth of these subclones, further test-
ing with different drugs and conjugates
will provide even more data with which
to select likely clones.

The tabular assay data from the sub-
cloning is also examined for variations
between sibling clones. Greater than
10% variation, particularly with respect
to lower readings in the drug-conjugate
column, would be evidence of non-pro-
ducing or unstable clones. In this case,
the best looking clone would be selected
for repeated subcloning and expansion
and the process repeated until stable
siblings result.

The supernatant from the expansion
cultures is saved when harvesting the
cells and cryostored. This supernatant
is titered by presenting a series of dilu-
tions to drug-conjugate coated wells,
and the rest of the assay is performed as
above. A graph of OD versus super-
natant dilution is constructed and the
dilution that provides about 50-60% of
maximal OD is chosen for the next step.
This next step involves preparing serial
dilutions of each of a panel of drugs,
chosen to provide information relevant
to the original product criteria. In each
case, a true 0 concentration is included.
The specificity ELISA consists of pipet-
ting 25 pl of each drug dilution into
wells on a coated plate, followed by 25
ul of supernatant diluted to half the
above determined dilution factor.
Plates are covered and incubated for 1
hour at 37° C. The plates are then
washed, and 50 pl of the goat anti-
mouse IgG-HRP conjugate is added.
The remainder of the assay is as above.

The plates are read as above and the
OD readings are plotted against the cal-
culated concentration (in M/L) of each
drug. A regression analysis then com-
putes the fewest squares best fit using a
four-parameter logistic  function.
Typically, we set a limit of error of
0.01% on the regression. We currently
use Prism 4 (GraphPad Software, San
Diego, CA), but other data reduction
programs will suffice. Figure 6 shows an
example of the resulting document.
The specificity table is calculated by the
method of Abraham.* Briefly, this
entails dividing the ED50 of the stan-
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dard drug by the ED50 of each of the
others and multiplying by 100. The
data provided by this software also
allows calculating specificity by the
methods of de Lauzon et al, Feldman et
al, and Pratt et al by using a suitably
designed spreadsheet.”

The extended specificity panel pro-
file is usually carried out in 96-well
plates. As such, this conveniently allows
single-point determinations at each
drug dilution level. Usually the good-
ness-of-fit parameter (R2) is acceptable
(greater than 0.98). However, should
difficulty be encountered, or the
amount of a drug available for testing
be very low, we employ 386-well plates,
which allows for quadruple point test-
ing and requires one tenth the amount
of drug. Performed manually, this is a
very difficult process in which signifi-
cant pipetting error is evident. Therefore,

the BioTek Precision 2000 is usually
employed. The 95% confidence inter-
vals around the mean on the resulting
graphs are usually smaller than the data
point symbols.

The methods described above have
been successfully used for many fusions
aimed at developing specific MAbs for
approximately 20 different assay devel-
opment projects. The convenience of
using laptop computers to semiauto-
matically assemble daily selection lists,
and software that quickly tabulates the
results from all the ELISA assays,
enables a relatively small staff of scien-
tists to pursue multiple projects simul-
taneously. An added benefit of this rel-
atively facile accumulation of data is
that epitope analysis of the immunogen
can be readily carried out by comparing
structural features of each drug to the
percent cross-reactivity.
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