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combination index equation of Chou and Talalay!. This includes the measurement of tumor cell
drug- and antibody-sensitivity using an MTT assay, followed by an automated computer analysis
to calculate the combination index (Cl) values. Cl values of <1 indicate synergism between tested
mAbs and cytotoxic agents’. To corroborate the in vitro findings in vivo, we further describe a
method to assess the combination regimen efficacy in a xenograft tumor model. In this model,
the combined regimen significantly delays tumor growth, which results in a significant extended
survival in comparison to single-agent controls. Importantly, the in vivo experimentation reveals
that the combination regimen is well tolerated. This protocol allows the effective evaluation of
anticancer drug combinations in preclinical models and the identification of rational combination
to evaluate in clinical trials.

INTRODUCTION:

The conventional approach in the treatment of a large number of different types of cancer was
based on monotherapy. Even if it is still used in many cases, this method met several obstacles
leading to opting for combined therapies?. Particularly, cancer cells are more susceptible to
develop resistance when treated with a single drug by inducing alternative survival mechanisms?,
resulting in therapeutic failure in patients®. Moreover, in monotherapy, drugs are usually
administrated at a high dose. This situation often results in the occurrence of strong dose-
dependent side effects that can be intolerable and force physicians to stop the treatment?. For
these reasons, the association of anticancer molecules is now preferred to monotherapy.

Ideal drug combinations would be those that act in synergy against tumor cells, without increased
toxicity against normal cells. Synergism refers to the interaction of two or more drugs that
produces a therapeutic effect greater than the sum of each individual drug acting separately.
Such interactions may result in enhanced clinical therapeutic efficacy?. It limits treatment
resistance, increases efficacy, and can also reduce toxicity?. In fact, the dosage of each drug can
be reduced to lower their side effects by targeting different pathways. In addition, one of the
molecules can also serve as a sensitizing agent against cancer cells. The effect of the second drug
may be enhanced on sensitized cells and fewer dosages can be used®.

Combined therapy can include two or more chemotherapeutic drugs and/or biologics, such as
monoclonal antibodies®. These mAbs specifically target cells expressing a cell surface antigen of
interest and are able to kill tumor cells through immunological pathways including antibody-
dependent cell-mediated cytotoxicity (ADCC), with the involvement of immune effector cells’,
and complement-dependent cytotoxicity (CDC)®. They can also act via a nonimmunological
mechanism mediated by apoptosis®!. In this case, the induction of the process of programmed
cell death may sensitize cancer cells, weaken their function, and make the associated
chemotherapeutic drug more effective at a lower dosage. As such, proapoptotic mAb are good
candidates for designing combination regimens with antineoplastic drugs.

Different mathematical models have been described to assess drug synergism; one of them is
based on the combination index method?. This method is based on the median-effect principle
developed by Chou!. The median-effect equation correlates the drug dose and drug effect as
follows.
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D = Dm[Fa/(I — Fa)]*/™

Here, D is the dose drug; Dm is the median-effect dose; Fa is the fraction affected by the dose; m
is an exponent that signifies the shape of the dose-effect plot!. The median-effect dose is used
to calculate the dose Dx of a drug that inhibits or kills "x" percent of cells. The Cl value is then
calculated to assess the additive effect of the drug combination, as follows?.

_ D1 (D)2

r= (Dx)1 = (Dx)2

A Clvalue of 1 indicates an additive effect and a Cl value of <1 indicates a synergistic effect, while
a Cl value of >1 indicates antagonism®. The application of this method is further facilitated by the
availability of a computer program, CompuSyn, that determines synergism and antagonism at all
doses or effect levels simulated automatically*?.

Our group has developed the mAb 8B6 specific for O-acetyl-GD2 ganglioside (OAcGD2)
neuroblastoma antigen®® and further demonstrated that this mAb is able to induce cell death
with attributes of apoptosis!!. To test whether mAb 8B6 can sensitize neuroblastoma cells to the
antineoplastic agent topotecan, we adapted the above-mentioned method developed by Chou?.
First, we determine the effective dose 50 (EDso) values of mAb 8B6 and topotecan. Next, the
neuroblastoma cells with equipotent ratios of the two compounds based on EDsp values are
exposed to determine the Cl values using the above-mentioned simulation software. This method
allows us to demonstrate synergism between mAb 8B6 and topotecan in vitro. Next, we describe
a protocol to further assess the potency and the safety of this combination regimen in vivo. This
protocol can be easily applied to select potent and safe anticancer mAb and chemotherapeutic
agent combinations in preclinical studies. A schematic representation of this study is provided in
Figure 1.

PROTOCOL:

Animal housing and experimental procedure were approved by the French Government
(agreements #C44-278 and #APAFIS 03479.01). Animal care and procedures were conducted
under directive EU 2010/63/EU and French Law #2013-118 on the protection of animals used for
scientific purposes.

1. Evaluation of the Drug Interaction Between mAb 8B6 and Topotecan In Vitro

1.1. 96-well sample preparation

CAUTION: Consult the institution’s Health and Safety committee and follow local regulation rules
related to laboratory safety. Review the Material and Safety Data Sheet information before

working with any media, cell line, or reagents. Use proper sterile technique and work in a laminar
flow hood. All solutions/equipment that are used to manipulate cells must be sterile.
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NOTE: The following protocol was designed for use with adherent cells. Modifications are
required to apply the method to nonadherent cells growing in suspension; this protocol uses
guadruplicate for each experimental condition.

1.1.1. Grow IMRS5 cells in a T75 flask.

1.1.2. On the first day (day 0), observe the cell culture under a microscope to check the cell
confluency. Aspirate the cell medium from the flask, wash it with 5 mL of phosphate-buffered
saline (PBS), and add 3 mL of 0.05% ethylenediaminetetraacetic acid (EDTA)/PBS solution. Return
the flask to the incubator for 3 min (37 °C, 5% CO,).

1.1.3. Examine the cell culture under a microscope for cell detachment.

NOTE: If necessary, return the flask to the incubator for an additional 3 to 5 min, depending on
tumor cell type.

1.1.4. Add 10 mL of complete cell medium to the flask and transfer the cell suspension to a sterile
15 mL conical tube. Centrifuge the cells for 5 min at 300 x g. Count the cells using a

hemocytometer.

1.1.5. Remove and discard the supernatant. Resuspend the cell pellet in complete growth
medium. Adjust the medium volume to obtain a final concentration of 1 x 10° cells/mL.

1.1.6. Seed 84 wells of a 96-well culture plate with 10* cells each, which is 100 pL of cell
suspension. Follow the experimental layout shown in Figure 2.

1.1.7. Incubate the cells for 18 h in the cell incubator (37 °C, 5% CO.).

1.2. Drug solution preparation

NOTE: For drug/mAb sensitization studies, modify the timing, the length, and the concentration
treatment to suit the particular drug/mAb in question. Note that the initial concentration is 3x

the final concentration.

1.2.1. The next morning (day 1), prepare the following drug solutions using complete growth
medium.

1.2.1.1. mAb solution preparation

1.2.1.1.1. Dilute mAb in 500 pL of complete growth medium to obtain an antibody working
solution with an mAb concentration of 240 ug/mL.

1.2.1.1.2. Perform five two-fold serial dilutions as indicated in Figure 2.
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1.2.1.2. Topotecan solution preparation

1.2.1.2.1. Dilute, as above, the drug in 500 pL of complete growth medium to obtain a drug
working solution with a final concentration of 120 nM.

1.2.1.2.2. Perform five two-fold serial dilutions as indicated in Figure 2.
1.2.1.3. Antibody and drug solution preparation

1.2.1.3.1. Dilute the drug and mAb solutions in 500 pL of complete growth medium to obtain a
solution at 120 nM drug and 240 pg/mL mAb (working solution).

1.2.1.3.2. Perform five two-fold serial dilutions as indicated in Figure 2.

1.2.2. To arrive at the final concentration, transfer 50 uL of each drug solution into the
corresponding wells, as indicated in the experimental layout (Figure 2).

NOTE: Transfer 50 uL of complete growth medium into the untreated cell wells, as indicated in
Figure 2.

1.2.3. Incubate the cells for 72 h in the incubator (37 °C, 5% CO3).
1.3. MTT assay

1.3.1. Add 10 pL of MTT reagent solution into each well.

1.3.2. Incubate at 37 °Cfor 4 h.

1.3.3. Add 100 pL of lysis solution (10% SDS in 0.01 M HCI) into each well, using a multichannel
pipette, and mix thoroughly by pipetting.

1.3.4. Incubate at 37 °C for 4 h in a humidified chamber (95% humidity).
1.3.5. Read the absorbance at 570 nm (As7o) and 620 nm (As20) using a spectrophotometer.

NOTE: Mix each sample again by pipetting before reading the absorbance; absorbance at 620 nm
allows the correction of nonspecific background values.

1.3.6. Calculate the corrected absorbance: corrected absorbance = As7o — As20.

1.3.7. Calculate the cell viability as follows: cell viability = 100 x (sample mean corrected
absorbance / control mean corrected absorbance).
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1.3.8. Calculate the fraction-affected values (Fa) using the following equation: 1 - (sample mean
corrected absorbance / control mean corrected absorbance).

1.4. Drug interaction analytical simulation software for single and drug combination studies
1.4.1. Run the simulation software to open the start window.

1.4.2. Click on the New Experiment button to open the Main window.
1.4.3. Type the name of the experiment in the Name window.

NOTE: A date can be added in the Date window.

1.4.4. Click on the New Single Drug button.

1.4.5. Type the name in the Full Name window.

1.4.6. Type the abbreviation in the Abbrev window.

1.4.7. Type the drug concentration unit in the Units window.

1.4.8. Enter Data Point 1 Dose and Fa value, press Enter.

1.4.9. Repeat this step until all Data Points are entered.

1.4.10. Click on the Finished button.

1.4.11. Follow the same steps to enter mAb Data Points.

NOTE: Use the same concentration unit as is used by Drug.

1.4.12. Click on the New Drug Combo button.

1.4.13. Select Drug and mADb.

1.4.14. Select Constant Ratio and click on OK.

1.4.15. Type the name in the Full Name window.

1.4.16. Type the abbreviation in the Abbrev window.

1.4.17. Type the drug/mAb ratio in the Ratio of window.

1.4.18. Enter Data Point 1 Dose and press Enter.
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NOTE: The program will automatically calculate the doses of mAb and Combo.
1.4.19. Enter the Data Point 1 Fa value and press Enter.

1.4.20. Repeat this step until all Data Points are entered.

1.4.21. Click on the Finished button and, then, click on the Generate Report button.
1.4.22. Select drug and mAb and, then, click OK.

1.4.23. Select Combo and, then, click OK.

1.4.24. Select Header, Cl table, and Summary table. Then, click OK.

1.4.25. Type the file name of the analysis file and click SAVE to generate the report.

NOTE: After clicking OK, the report will automatically open in the computer’s default web
browser.

1.4.26. To print the report, choose Print from the web browser’s file menu. The report contains
a Summary Table Section that includes title, date, file name, description note, parameters (m,
Dm, and r), EDso for either agent used in monotherapy or in combination, and the Cl table for
each combination at EDsg, ED7s, EDgg, and EDgs.

NOTE: A Cl value of <1 indicates synergism, a Cl value of =1 indicates additivity, and a Cl value of
>1 indicates antagonism.

2. Generation of Human Neuroblastoma Xenografts in Nonobese Diabetic NOD Scid Gamma
Mice (NSG Mice)

NOTE: Exclude any contamination of the cell culture. Since the basement membrane matrix forms
a gel above 5 °C, all cultureware or media coming in contact with the basement membrane matrix
reagent should be prechilled/ice-cold. Keep the basement membrane matrix on ice during the
entire process.

2.1. Preparation of the IMR5 cell suspension

2.1.1. Thaw the basement membrane matrix reagent overnight by submerging the vial inicein a
4 °C refrigerator before use.

2.1.2. On day 0, harvest the cultured IMR5 cells as detailed above.

2.1.3. Transfer the cells to a 15 mL conical tube and centrifuge at 300 x g for 5 min.
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2.1.4. Discard the supernatant. Wash the cells 2x with 15 mL of ice-cold PBS, and prepare a cell
suspension of 5 x 107 cells/mL in ice-cold PBS.

NOTE: If necessary, transfer the cell suspension to a 1.5 mL microcentrifuge tube.
2.1.5. Swirl the basement membrane matrix vial.
NOTE: The basement membrane matrix reagent should be thawed and dispersed.

2.1.6. Add one volume of basement membrane matrix reagent and mix it by pipetting to obtain
a cell suspension of 2.5 x 107 cells /mL.

2.1.7. Keep the cell suspension on ice.

2.2. Preparation of the mice

NOTE: The mice should be six to seven weeks old.

2.2.1. Maintain mice under a specific pathogen-free condition.

2.2.2. Allow a three- to five-day acclimatization period after the mice have arrived.

2.2.3. On the day of inoculation, shave the flank where the injection will be done (see step 2.3.6).
2.3. Preparation of the tumor cell injection

NOTE: Keep the ice-cold basement membrane matrix cell suspension aseptic throughout the
procedure.

2.3.1. Mix the cells and carefully draw the cell suspension into a 1 mL syringe mounted with a 21
G needle.

2.3.2. Check to be sure that there are no air bubbles in the syringe.
2.3.3. Disinfect the inoculation area of the mouse with an antiseptic solution.
2.3.4. Gently squeeze the mouse’s skin on the flank between fingers, at the injection site.

2.3.5. Insert the needle exactly into the skin fold. Do not place the needle deep into the tissue to
ensure a subcutaneous injection.

2.3.6. Inject 100 pL of IMRS5 cell suspension (i.e., 2.5 x 10° cells) subcutaneously into the lower
right flank of the mice.
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2.3.7. Rotate the syringe to prevent leakage and withdraw the needle.

2.4. Monitoring of body weight changes and tumor growth

2.4.1. Measure the length (A) and the width (B) of the tumor with a caliper.

2.4.2. Calculate the tumor volume using the formula (A x B2) x 0.5.

2.4.3. Start therapy when the tumors have reached an average volume of ~50 - 60 mm?.
3. Drug and Antibody Administration in Mice

3.1. Intravenous administration of mAb 8B6

3.1.1. Carefully fill a 1 mL syringe mounted with a 25 G needle with mAb solution.
3.1.2. Place the mouse under a heat lamp for 10 min to dilate the tail vein.

3.1.3. Restrain the mouse in a rodent restrainer.

3.1.4. Disinfect the inoculation area of the mouse with an antiseptic solution.

3.1.5. Insert the needle parallel to the tail vein, penetrating 2 - 4 mm into the lumen while keeping
the bevel of the needle face upward (Figure 3A).

3.1.6. Inject 100 pL of antibody solution intravenously (i.v.).

3.1.7. When the injection is finished, gently pressure the injection site to prevent bleeding.
3.2. Intraperitoneal administration of topotecan

3.2.1. Draw the drug solution in a 1 mL syringe mounted with a 25 G needle.

3.2.2. Hold the mouse in a supine position, with its posterior end slightly elevated.

3.2.3. Disinfect the inoculation area of the mouse with an antiseptic solution.

3.2.4. Locate the mouse’s abdomen midline and mentally divide the abdomen into quadrants.
Locate the injection site in the right or left lower quadrant (Figure 3B).

3.2.5. Insert the needle into the abdomen (5 mm deep) at ~10° angle, in the right or left lower
guadrant.
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3.2.6. Inject 100 pL of drug solution intraperitoneally (i.p.).
3.2.7. Disinfect the inoculation site.

REPRESENTATIVE RESULTS:
The representative results and figures are adapted with permission from earlier published
work!4,

Anti-OAcGD2 mAb 8B6 Synergistically Enhances the Inhibitory Effects of Topotecan on
Neuroblastoma Cell Line Growth:

To establish the drug and the antibody concentrations to be used for assessing synergism
between topotecan and mAb 8B6, the drug and the antibody sensitivities of human IMR5
neuroblastoma cells were measured first, using an MTT assay. Exposure to either mAb 8B6 or
topotecan alone for 72 h resulted in a concentration-dependent inhibition of IMR5 cell viability
(Figure 4A). Dose-response curves allowed the calculation of the EDsg values for each compound.
To this end, Fa values were computed using the analysis simulation software. The calculated EDsg
values were found to be 10 nM + 1 for topotecan (Figure 4B) and 18 pug/mL + 3 for mAb 8B6 (data
not shown).

Based on these EDsp values, next, the potency of six combinational equipotent ratios of mAb 8B6
and topotecan were tested (Figure 2). The shift of the combination dose-response curve toward
the sensitive side of the graph indicates that the combination regimen is more potent than each
monotherapy (Figure 4A). To obtain the corresponding EDso and Cl values, Fa values were
computed. The EDsp values of topotecan were significantly lower in the presence of mAb 8B6 (p
< 0.05, Figure 4B), indicating that mAb 8B6 sensitizes the tumor cell to topotecan. Importantly,
the Cl values were significantly less than 1.0 (p < 0.05), demonstrating a synergistic interaction
(Figure 5). Thus, mAb 8B6 has the potential as an adjuvant therapeutic agent for topotecan
chemotherapy.

Anti-OAcGD2 mAb 8B6 Enhances Antitumor Activity of Topotecan In Vivo:

Because in vitro models neither take into account the drug half-life nor the drug metabolism, it
is necessary to corroborate the in vitro findings in vivo. Moreover, in vivo models are very useful
to assess the combination regimen safety. To confirm that the synergism between topotecan and
mAb 8B6 was specific to cancer cells, the antineuroblastoma effects of the combination therapy
in a tumor xenograft model were assessed. For this, the severe immunodeficient NSG mouse
strain was selected. These mice lack both an innate and an adaptive immune system®, and
therefore, make it possible for researchers to exclude any immunomodulatory effects induced
by topotecan therapy that can affect mAb potency. Treatment was started once the tumors
displayed a mean volume of 50 + 2.5 mm?3 (Figure 6A). The treatments consisted of either mAb
8B6 (150 pgi.v., day 7 and day 11), topotecan (0.36 mg/kg i.p., days 7 - 11), or a combination of
mAb 8B6 and topotecan. The tumor volumes were monitored during the course of the
experimentation. All therapies led to tumor growth retardation compared with control groups
(Figure 6A). The combination regimen, however, induced the strongest effect (Figure 6A).
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Tumor growth can be further analyzed to study the survival rate upon treatment. To this end, the
event resulting in mouse euthanasia was defined as the tumor volume > 1 cm? for ethical reasons.
This allowed us to perform a Kaplan-Meyer survival analysis and to calculate the median event-
free survival time for each experimental group. As shown in Figure 6B, both monotherapies
improved the event-free survival (EFS) substantially when compared to control groups (the
median EFS of the vehicle-treated group was 21 days; of the control antibody group, 22 days; of
the topotecan group, 26 days; of the mAb 8B6 group, 29 days [Figure 6B]). Yet, the combined
therapy had the strongest effect on the mice survival, with a median EFS extended to 39.5 days
(p < 0.05, mAb 8B6 vs. combination; p < 0.01, topotecan vs. combination [Figure 6B]).

Because synergistic interactions can result in increased toxicity, the combination regimen safety
needs to be assessed. As such, weight loss is commonly used as a sensitive marker for health
monitoring in rodents'®. Thus, weight loss—measured as a decline in percentage from the initial
weight—was retained as an indicator of the systemic tolerability of each tested regimen. No loss
of body weight was observed, suggesting that the treatment was well tolerated (Figure 7). These
data suggest that the combination of topotecan plus mAb 8B6 represents a more potent
antitumor efficacy in vivo than either agent alone, without detectable toxicity.

FIGURES AND TABLES LEGENDS:
Figure 1: Schematic representation of the study.

Figure 2: Layout of the combination experiment on a 96-well plate with ratios of topotecan-to-
mAb 8B6, prepared as six solutions. The solutions were prepared as described in the protocol.
Wells labeled 1 to 4 serve as mAb 8B6 solutions, wells labeled 5 to 8 serve as topotecan solutions,
and wells labeled 9 to 12 serve as mAb 8B6 and topotecan (combination) solutions. Wells labeled
A and H serve as controls; wells labeled B serve as 0.125 x EDso concentration drug solutions;
wells labeled C serve as 0.25 x EDsp concentration drug solutions; wells labeled D serve as 0.5 x
EDso concentration drug solutions; wells labeled E serve as EDso concentration drug solutions;
wells labeled F serve as 2 x EDso concentration drug solutions; wells labeled G serve as 4 x EDsg
concentration drug solutions, as indicated. Therapeutic agents with two different units (i.e.,
ug/mL for mAb 8B6, and nM for topotecan) are analyzed in a fixed-ratio combination (0.075,
topotecan/8B6).

Figure 3: Injections. (A) Intravenous injection into the tail vein of a restrained mouse, using an
insulin syringe of 27 G x 1/2 in, 1 mL. (B) Intraperitoneal injection to the lower right quadrant of
the mouse’s abdomen, using a 1 mL syringe mounted with a 25 G needle.

Figure 4: Dose-effect relationship of topotecan, mAb 8B6, and their combination on growth
viability inhibition of IMR5 neuroblastoma cells after 72 h of exposure. An MTT assay was
performed as described in the protocol. (A) The dose-response curves shown are representative
of three independent replicates, each run in quadruplicates. The data are presented as the mean
+SD; *** p <0.001. (B) EDsp of topotecan used as a single agent or in combination with mAb 8B6.
The data are presented as the mean + SEM. This figure has been modified from Faraj et al.'*.
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Figure 5: Combination index values. Percentage survival values were transformed into fraction-
affected (Fa) values and used to calculate the combination index (measure of synergy, additivity,
and antagonism) using computer software, as indicated in the text. In the combination index
plots, data are presented as mean * SD for three independent replicates. Results show that mAb
8B6 had a synergistic effect with topotecan (Cl <1). This figure has been modified from Faraj et
al.14,

Figure 6: Combination treatment of IMR5 xenografts in NSG mice with mAb 8B6 plus
topotecan. (A) Mice bearing human neuroblastoma IMR5 xenografts were treated with vehicle
(PBS, i.p.), topotecan alone (0.36 mg/kg, i.p.), control IgG alone (150 pg, i.v.), mAb 8B6 alone (i.v.),
or topotecan and mAb 8B6 combined, as indicated. The administration of mAb 8B6 or control
antibody treatment started on day 7 after the IMR5 cell inoculation and was repeated once on
day 11. The topotecan or PBS treatment was started on day 7 and given for five consecutive days.
The tumor growth was monitored, and tumor volumes were calculated. The mean tumor volume
+ SEM of each treatment group (PBS group, 9 mice; all other groups, 10 mice) are depicted (* p
< 0.05 for mAb 8B6 against mAb 8B6 and topotecan together, ** p < 0.01 for topotecan against
mAb 8B6 and topotecan together), as indicated. A significant reduction in xenograft volume was
observed for the mAb 8B6/topotecan combination, compared to the drug-alone controls, as
indicated (p < 0.05). (B) Event-free survival Kaplan-Meyer curves of different groups treated are
shown. This figure has been modified from Faraj et al.**.

Figure 7: Mean weight for each treatment group, as indicated. The mean weight of the mice on
day 0 was defined as 100% weight. The weight in each group remained stable for the period of
treatment. The data are presented as the mean + SEM. This figure has been modified from Faraj
et al.**.

DISCUSSION:

To predict the effect of drug interactions, three methods can be used: the isobologram
methodology?’, the nonlinear mixture model'8, and the combination index*. Combination index
analysis is the most commonly used because its application is simplified by the availability of a
user-friendly computer program. For this purpose, we first characterized the dose-effect
response of each agent used alone or in combination, by performing an MTT assay!®. This
methodology relies on the ability of viable cells to reduce the tetrazolium salt in a purple-colored
formazan product with an absorbance maximum of 570 nm?°. At death, the cells lose the capacity
to convert MTT into formazan. Thus, the quantity of the colored formazan product is proportional
to the number of viable cells in culture!®. Indeed, we chose this methodology as a nonradioactive
alternative to the tritiated thymidine incorporation into DNA for measuring cell proliferation®®.
As such, MTT assays have been widely adopted and remain popular in academic labs as evidenced
by thousands of published articles. While the quantity of formazan is measured by recording the
absorbance at 570 nm using a plate-reading spectrophotometer, a reference wavelength of 630
nm is sometimes used but not necessary for most assay conditions. In consideration of the critical
step described here, we found that the culture conditions used to grow cells can affect the results
of MTT assays. We found that the viable cell number, the cell metabolic activity, the age of
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cultures, and the number of passages and details of the growth medium can all be important
factors. Thus, they must be taken into consideration when repeating the assay and analyzing
data. Furthermore, cell culture conditions differ for each cell lines. It is, thus, complicated to
provide any clear indications about the cell seeding density. As a rule of thumb, an average
number of cells between 2,000 - 10,000 cells per well is recommended to achieve an optimum
cell density within 72 h. Importantly, MTT reduction reflects viable cell metabolism and not,
specifically, cell proliferation or cell death. Therefore, MTT assays should neither be described as
measuring cell proliferation nor cell cytotoxicity?>!!, The detection of cell death relies on specific
cell-based assays. For example, in previous studies, we used western blot analysis to detect
caspase 3 activation and/or flow cytometry analysis to detect phosphatidylserine in the outer
plasma membrane leaflet, to evidence the proapoptotic activity of mAb 8B6*3.

When combination testing drugs, they can be delivered together or successively in time. Given
the variety of the mechanism of action, it is difficult to provide precise guidelines for the relevant
experimental setting. Yet, most investigators utilize direct testing of drug combinations. In
addition, concentrations that produce a defined single-agent effect of 50% cell growth inhibition
are commonly used. Drug concentrations reflecting plasma concentrations achievable in patients
are commonly considered as relevant clinically. As such, the combination dose-effect analysis is
performed for several doses, keeping the combination ratio constant with a serial dilution of the
(EDso)mab/(EDso)arug ratio, although it is not an absolute requirement!. Of note, the Cl values
should be also calculated at various ED tested (e.g., EDso, ED7s5, and EDg) because they may
change with the Fa in a nonlinear manner!. After performing the automated analysis of the Cl
values, the linear correlation coefficient r-value estimated by the algorithms should be >0.9, to
reflect the goodness of the fit of the experimental data. Cl values of <1 indicate synergy, Cl values
of =1 indicates additivity, and Cl values of >1 denote antagonism?. Due to the variability in both
the experimental methods and the biological system, the calculated Cl should be further
subjected to statistical consideration. As such, a simple method is to repeat the drug combination
experiment several times followed by the calculation of the resulting Cl values before
determining the statistics of the mean + SD%. It is also advised to test the combination in the
largest possible panel of cell lines, to take into account the variability that exists between them.

Importantly, several parameters in the in vitro study are not taken into consideration for the in
vivo extrapolation. For instance, the in vitro viability assays neither take into consideration the in
vivo half-life of the drug, nor the in vivo drug metabolism that may result in drug inactivation.
Thus, the extrapolation from in vitro to in vivo remains a separate question, and the beneficial
drug interaction evidenced in vitro should be further confirmed in vivo. As such, a clear
demonstration of synergy in mice bearing tumor xenografts, using the combination index
method, has been published?!. Yet, in vivo studies require a large number of animals to accurately
define synergy and are more expensive and more time-consuming. The alternative effective
model F-test still requires substantial resources??. As a different approach to limit the use of a
large number of animals consists in demonstrating the drug synergy in cell culture models
followed by the evidence of an increased antitumor response of the combination in a limited
xenograft study'#, we used the human neuroblastoma IMRS5 cells as the tumor target for the in
vivo study. We retained IMRS5 cells because they are tumorigenic in immunocompromised mice?3.
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While human tumor xenograft models provide valuable models for testing drug combinations in
vivo?*, it can be difficult to establish such models from a variety of cell lines?®. To increase the
incidence of tumor formation in mice, cells can be injected into mice with a membrane basement
matrix as a vehicle?>. Importantly, since membrane basement matrix polymerizes and solidifies
at temperatures above 5 °C, all cultureware or media coming in contact with the membrane
basement matrix should be prechilled/ice-cold, and the membrane basement solutions should
be kept on ice during the entire process?. With the use of the membrane basement matrix, we
observed a 100% take rate with IMRS5 cells, while, in the absence of membrane basement matrix,
this cell line demonstrated a <80% take rate (data not shown). In addition, to increase the
incidence of tumor graft, membrane basement matrix can also increase the tumor growth rate?>.
We observed that all xenografts had appeared by day 11. However, during the first seven days
following the tumor cell challenge, the presence of lumps could be observed, which may be
caused by the presence of the initial inoculum (data not shown). Thus, we did not consider
measurements of tumor size meaningful before this time. Using the membrane basement matrix
made it possible to reduce the number of mice in the experimental setting and to perform the in
vivo experiment within three months.

Drug/antibody dosages may vary depending on the cell line and mouse strain. Due to the
limitation of the in vitro viability assay for extrapolating the in vivo drug/antibody dosage
described above, clinically relevant dosages were retained for both topotecan and mAb 8B6 in
the in vivo experimental setting, based on the data published by others?®?’. To extrapolate the
human dosage setting to mice, previously published guidelines?® were followed. Per se, we
injected 150 pug of antibody 8B6 i.v. at day 7, followed by a second injection five days later (total
dose/mouse = 300 pg). Topotecan treatment started the same day as the first mAb 8B6 injection
by injecting 0.36 mg/kg topotecan or PBS control i.p. for five consecutive days. In consideration
of the critical step described here, we recommend starting antibody infusions when the tumor
xenografts reach ~50 mm?3. Higher tumor xenograft volumes will result in a lower response rate
because tumor burdens clearly correlate inversely with antibody concentration, antibody
exposure, and antibody efficacy?®. We also retained weight loss as an indicator of systemic
tolerability of each tested regimen?®. However, the interpretation of collected weights may not
be helpful with a large tumor mass. In this case, body condition scoring, as described elsewhere?®,
is advised.

Tumors can be collected at different time points for immunochemistry analysis, to provide
further information about the mechanism of action triggered in vivo. In a previous work, the
tumor apoptotic index was assessed after mAb 8B6 infusion®3. To this end, tumor apoptotic cells
were detected using a TUNEL assay*2. In addition, the percentage of tumor cell nuclei was scored
with Ki67 antigen-positive staining to analyze the tumor proliferation index*3.

Severe immunodeficient mice lack both innate and adaptive immunity with the loss of T cells, B
cells, and natural (NK) cells with reduced macrophage and antigen-presenting cell functions and
the absence of circulating complement3°. Thus, this protocol does not allow researchers to draw
any conclusions regarding putative effects of chemotherapy in potentiating mAb therapy by
altering the tumor microenvironment in vivo3!. However, both putative immunomodulatory
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effects of the chemotherapeutic agent and the role of the fragment-crystallizable (Fc) region of
the mAb in enhancing the drug antitumor potency merit consideration, but these questions
require the availability of a syngeneic model with an intact immune system and a physiological
tumor microenvironment.

ACKNOWLEDGMENTS:

Grant support: Fondation de Projet de L’Université de Nantes, les Bagouz’ a Manon, La Ligue
contre le Cancer comité de Loire-Atlantique, comité du Morbihan, and comité de Vendée, une
rose pour S.A.R.A.H, L'Etoile de Martin and la Société Francaise de Lutte contre les Cancers et les
leucémies de L’Enfant et de L’adolescent (SFCE). M.B. and J.F. are supported by La Ligue Contre
Le Cancer. The authors thank the UTE-facility of the Structure Fédérative de Recherche Frangois
Bonamy. The authors also thank Dr. S. Suzin (Inserm, Paris) for providing the IMR5 cells and Ms.
H. Estéphan for her technical assistance.

DISCLOSURES:
S.Fa., J.F.,and S.B. are designated as inventors of pending patents covering the clinical application
of anti-O-acetyl-GD2 therapeutic antibodies.

REFERENCES:

1. Chou, T. C. Theoretical basis, experimental design, and computerized simulation of synergism
and antagonism in drug combination studies. Pharmacological Reviews. 58 (3), 621-681,
doi:10.1124/pr.58.3.10 (2006).

2. Bayat Mokhtari, R. et al. Combination therapy in combating cancer. Oncotarget. 8 (23), 38022-
38043, doi:10.18632/oncotarget.16723 (2017).

3. Zahreddine, H., Borden, K. L. Mechanisms and insights into drug resistance in cancer. Frontiers
in Pharmacology. 4, 28, doi:10.3389/fphar.2013.00028 (2013).

4. Martin, T. P., Baguley, D. Re: "Postoperative validation of bone-anchored implants in the single-
sided deafness population." Snapp et al. Otol Neurotol 2012: 33;291-6. Otology & Neurotology.
34 (4), 777, doi:10.1097/MA0.0b013e318268cce9 (2013).

5. Choi, B. et al. Sensitization of lung cancer cells by altered dimerization of HSP27. Oncotarget.
8 (62), 105372-105382, doi:10.18632/oncotarget.22192 (2017).

6. Weiner, L. M., Surana, R., Wang, S. Monoclonal antibodies: versatile platforms for cancer
immunotherapy. Nature Reviews Immunology. 10 (5), 317-327, doi:10.1038/nri2744 (2010).

7. Mellor, J. D., Brown, M. P., Irving, H. R., Zalcberg, J. R., Dobrovic, A. A critical review of the role
of Fc gamma receptor polymorphisms in the response to monoclonal antibodies in cancer.
Journal of Hematology & Oncology. 6, 1, doi:10.1186/1756-8722-6-1 (2013).



658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701

8. Kowalczyk, A. et al. The GD2-specific 14G2a monoclonal antibody induces apoptosis and
enhances cytotoxicity of chemotherapeutic drugs in IMR-32 human neuroblastoma cells. Cancer
Letters. 281 (2), 171-182, doi:10.1016/j.canlet.2009.02.040 (2009).

9. Retter, M. W. et al. Characterization of a proapoptotic antiganglioside GM2 monoclonal
antibody and evaluation of its therapeutic effect on melanoma and small cell lung carcinoma
xenografts. Cancer Research. 65 (14), 6425-6434, doi:10.1158/0008-5472.CAN-05-0300 (2005).

10. Nakamura, K. et al. Apoptosis induction of human lung cancer cell line in multicellular
heterospheroids with humanized antiganglioside GM2 monoclonal antibody. Cancer Research.
59 (20), 5323-5330 (1999).

11. Cochonneau, D. et al. Cell cycle arrest and apoptosis induced by O-acetyl-GD2-specific
monoclonal antibody 8B6 inhibits tumor growth in vitro and in vivo. Cancer Letters. 333 (2), 194-
204, doi:10.1016/j.canlet.2013.01.032 (2013).

12. Chou, T. C., Martin, N. CompuSyn for drug combinations: PC software and user’s guide: a
computer program for quantitation of synergism and antagonism in drug combinations, and the
determination of ICso and EDso and LDsp values. ComboSyn Inc. Paramus, NJ (2005).

13. Alvarez-Rueda, N. et al. A monoclonal antibody to O-acetyl-GD2 ganglioside and not to GD2
shows potent anti-tumor activity without peripheral nervous system cross-reactivity. PLoS One.
6 (9), 25220, doi:10.1371/journal.pone.0025220 (2011).

14. Faraj, S. et al. Neuroblastoma chemotherapy can be augmented by immunotargeting O-
acetyl-GD2  tumor-associated  ganglioside. = Oncoimmunology. 7 (1), e1373232,
do0i:10.1080/2162402X.2017.1373232 (2017).

15. Ishikawa, F. et al. Development of functional human blood and immune systems in
NOD/SCID/IL2 receptor {gamma} chain(null) mice. Blood. 106 (5), 1565-1573, do0i:10.1182/blood-
2005-02-0516 (2005).

16. Ullman-Cullere, M. H., Foltz, C. J. Body condition scoring: a rapid and accurate method for
assessing health status in mice. Laboratory Animal Science. 49 (3), 319-323 (1999).

17. Teicher, B. A. Assays for in vitro and in vivo synergy. Methods in Molecular Medicine. 85, 297-
321, doi:10.1385/1-59259-380-1:297 (2003).

18. White, D. B., Slocum, H. K., Brun, Y., Wrzosek, C., Greco, W. R. A new nonlinear mixture
response surface paradigm for the study of synergism: a three drug example. Current Drug
Metabolism. 4 (5), 399-409 (2003).

19. Mosmann, T. Rapid colorimetric assay for cellular growth and survival: application to
proliferation and cytotoxicity assays. Journal of Immunological Methods. 65 (1-2), 55-63 (1983).



702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745

20. Huyck, L., Ampe, C., Van Troys, M. The XTT cell proliferation assay applied to cell layers
embedded in three-dimensional matrix. Assay and Drug Development Technologies. 10 (4), 382-
392, d0i:10.1089/adt.2011.391 (2012).

21. Thompson, J. et al. Synergy of topotecan in combination with vincristine for treatment of
pediatric solid tumor xenografts. Clinical Cancer Research. 5 (11), 3617-3631 (1999).

22. Tan, M., Fang, H. B., Tian, G. L.,, Houghton, P. J. Experimental design and sample size
determination for testing synergism in drug combination studies based on uniform measures.
Statistic in Medicine. 22 (13), 2091-2100, doi:10.1002/sim.1467 (2003).

23. Tang, X. X. et al. Implications of EPHB6, EFNB2, and EFNB3 expressions in human
neuroblastoma. Proceding of the National Academy of Sciences of the United States of America.
97 (20), 10936-10941, doi:10.1073/pnas.190123297 (2000).

24. Mehta, R. R., Graves, J. M., Hart, G. D., Shilkaitis, A., Das Gupta, T. K. Growth and metastasis
of human breast carcinomas with Matrigel in athymic mice. Breast Cancer Research and
Treatment. 25 (1), 65-71 (1993).

25. Mullen, P., Ritchie, A., Langdon, S. P., Miller, W. R. Effect of Matrigel on the tumorigenicity of
human breast and ovarian carcinoma cell lines. International Journal of Cancer. 67 (6), 816-820,
doi:10.1002/(SIC1)1097-0215(19960917)67:6<816::AID-1JC10>3.0.CO;2-# (1996).

26. Feng, C.,, Tang, S., Wang, J., Liu, Y., Yang, G. Topotecan plus cyclophosphamide as maintenance
chemotherapy for children with high-risk neuroblastoma in complete remission: short-term
curative effects and toxicity. Nan Fang Yi Ke Da Xue Xue Bao. 33 (8), 1107-1110 (2013).

27. Cheung, N. K. et al. Ganglioside GD2 specific monoclonal antibody 3F8: a phase | study in
patients with neuroblastoma and malignant melanoma. Journal of Clininical Oncology. 5 (9),
1430-1440, do0i:10.1200/JC0.1987.5.9.1430 (1987).

28. Nair, A. B., Jacob, S. Asimple practice guide for dose conversion between animals and human.
Journal of Basic Clinical Pharmacy. 7 (2), 27-31, doi:10.4103/0976-0105.177703 (2016).

29. Dayde, D. et al. Tumor burden influences exposure and response to rituximab:
pharmacokinetic-pharmacodynamic modeling using a syngeneic bioluminescent murine model
expressing human CD20. Blood. 113 (16), 3765-3772, d0i:10.1182/blood-2008-08-175125 (2009).

30. Racki, W. J. et al. NOD-scid IL2rgamma(null) mouse model of human skin transplantation and
allograft rejection. Transplantation. 89 (5), 527-536, doi:10.1097/TP.0b013e3181¢90242 (2010).

31. Sherif, A., Winerdal, M., Wingvist, O. Immune Responses to Neoadjuvant Chemotherapy in
Muscle Invasive Bladder Cancer. Bladder Cancer. 4 (1), 1-7, d0i:10.3233/BLC-170123 (2018).



746



I+

roure ! 1. Harvest and seed EefS W wellnlatesy rig 1 vs

¢ Incubate 18 h, 37 °C

2. Prepare serial dilutions of each drug
Transfer drugs in each corresponding well

¢ Incubate 72 h, 37 °C

3. Add MTT reagent

¢ Incubate 4 h, 37 °C
4. Add lysis buffer

¢ Incubate 4 h, 37 °C

5. Read absorbance

v

6. Determine EDg, values

v

7. Re-do steps 1 to 5 with the combined drug dilutions

Cl<1 Cl=1
Proceed to in vivo evaluation Test a new drug combination
of the combination regimen A
Not OK
Not OK

Proceed to preclinical studies



http://www.editorialmanager.com/jove/download.aspx?id=909559&guid=8bd9a836-7f78-400e-b481-c8982a07a398&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=909559&guid=8bd9a836-7f78-400e-b481-c8982a07a398&scheme=1

Figure 2

Point 1

Point 2

Point 3

Point 4

Point 5

Point 6

0.125x ED50

0.25 x EDs,

0.5x ED50

EDsg

2 x EDsg

4 x EDsg

Control

Concentrations

8B6 (ug/mL)  Topotecan (nM)

0 0

2.5 1.25

5 2.5
10 5

20 10
40 20

80 40

Control Control

Click here to access/download;Figure;R1 Fig 2 MB et al JoVE.eps %

Drug 1 : Topotecan Drug 2 : 8B6 Combo 1: 8B6 + topotecan

000000
.



http://www.editorialmanager.com/jove/download.aspx?id=898931&guid=f9361042-c5b5-4154-a615-89e172413c0c&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=898931&guid=f9361042-c5b5-4154-a615-89e172413c0c&scheme=1

Figure 3 Click here to access/download;Figure;R1 Fig 3 MB et al
JoVE.eps



http://www.editorialmanager.com/jove/download.aspx?id=898932&guid=e2a7133d-1c26-4215-85cb-35a8627e1876&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=898932&guid=e2a7133d-1c26-4215-85cb-35a8627e1876&scheme=1

Figure 4 Click here to access/download;Figure;RA Fig 4 MB et al JOVE.eps 2

® 38B6
m Topotecan

¢ 8B6+ Topotecan

% Survival
ED., of Topotecan (nM)
(mean + SEM)

C || || || || || || ||

Topotecan 0O 1.25 25 5 10 20 40 nMm 8B6 - +

8B6 0O 25 5 10 20 40 80 ug/mL


http://www.editorialmanager.com/jove/download.aspx?id=898933&guid=49b02ca0-9bed-415d-ad0c-1eb9a6de083c&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=898933&guid=49b02ca0-9bed-415d-ad0c-1eb9a6de083c&scheme=1

Click here to access/download;Figure;R1 Fig5 MB et al JoVEl.eps 2

2.0

ANTAGONISTIC

$ 15

< N

c V)

st | Apomve

S o™

= £ SYNERGISTIC

@)

© 05 T
* ¢+ o

0.5 0.75 0.90
Fraction Affected


http://www.editorialmanager.com/jove/download.aspx?id=898934&guid=7a3abe9d-e912-4add-860d-1dbcb7762597&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=898934&guid=7a3abe9d-e912-4add-860d-1dbcb7762597&scheme=1

Figure 6 Click here to access/download;Figure;R1 Fig 6 MB et al JOVE.eps 2

0.15- 120~ *xxx (O PBS
*xxx [J CTL-IgG
— 1 100 x% [ Topotecan
= - * @ 8B6
5
o E 80~ 8B6 + Topotecan
E A
= 60-
S €
:
o 40-
£ a
-
20~
L L L L L L L I O-
5 1 101 15 20 25 30 0 5 10 15 20 25 30 35 40 45 50 55
Days after Tumor Implantation Days after Tumor Implantation

—p 8B6 (150 pgi.v.)
—p Topotecan (0.36 mg/kgi.p.)

O PBS O CTL-IgG
M Topotecan ® 8B6 9 8B6 + topotecan


http://www.editorialmanager.com/jove/download.aspx?id=898935&guid=92657f6b-623e-46a8-b623-f81baf8e9586&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=898935&guid=92657f6b-623e-46a8-b623-f81baf8e9586&scheme=1

Figure 7 Click here to access/download;Figure;R1 Fig 7 MB et al
JoVE.eps

120-

%100- W

[ .

> S 80

S W

29 )

TEEGO-

w g

3..,40-

s .

X 204
O""I""I""I""I
5 ¢ 104 15 20 25

EERE

Days after Tumor Implantation

—p 8B6 (150 pgi.v.)
—p Topotecan (0.36 mg/kgi.p.)

O PBS CTL-IgG
B Topotecan ® 8B6 9 3B6 + topotecan



http://www.editorialmanager.com/jove/download.aspx?id=898936&guid=3a85f641-6706-44c3-af00-06a429361c2d&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=898936&guid=3a85f641-6706-44c3-af00-06a429361c2d&scheme=1

Table of Materials

Name of Material/ Equipment
Cell Proliferation kit (MTT)
CompuSyn software
Electric shaver
Fetal calf serum
Firefox
Heat lamp

Human neuroblastoma IMR-5 cell line

L-glutamine
Lysis solution
mAb 8B6
Matrigel

Multiskan FC

Needle 21G 1%
Needle 25G 1

NSG mice

Nunc MicroWell 96-well microplates

PBS

PBS, 0,05% EDTA

PC that runs windows 7
Penicillin-Streptomycin

Reagent reservoir

Rodent restrainer
RPMI 1640
Syringe 1 mL
Topotecan

Company

Roche
ComboSyn
Bioseb
Eurobio

Mozilla Corporation

Verre&Quartz

Accegen Biotechnology

Gibco
Roche

University of Nantes

Corning

Thermofischer Scientific

BD Microlance
Terumo
Charles River
Laboratories

Thermofisher

VWR
Sigma-Aldrich
Microsoft
Gibco

Thermofischer Scientific

Bioseb

Gibco

Henke Sass Wolf
Sigma-Aldrich

Catalog Number
11-465-007-001

BIO-1556
CVFSVFF00-01
4003/1R
ABC-TC0450

25030-024
11-465-007-001
N/A

354248

N08625

304432
NN-2525R

5557

167008
L182-10
E9884
15140-122
8094

TV-150-SM
31870-025
5010.200V0
T2705
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Comments/Description
Combosyn can be downloaded for free at http://www.combosyn.com

10% heat-inactivated fetal calf serum in RPMI 1640
Firefox can be downloaded for free at http://www.mozilla.org/en-US/firefox/

IMR-5 is a clone of the human neuroblastoma cell line IMR32 5459762. IMR-5 cells were generously provided by Dr. Santos Susin
(U.872, Paris, France)
2 mM in RPMI 1640

Windows 7 can be purchased at http://www.microsoft.com/en-gb/software-download/windows7
100 units/mL penicillin and 100 pug/mL streptomycin in RPMI 1640
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ARTICLE AND VIDEO LICENSE AGREEMENT

An Effective Method to Investigate the Synergism between Anti-cancer Antibodies and Chemothérapeutic

Title of Article: \Brugs-in-vitro-and-in-Mice

Author(s):

Meriem Babhri, Julien Fleurence, Sébastien Faraj, Mohamed Ben Mostefa Daho, Sophie Fougeray, Stéphane Birklé

ltem 1 (check one box): The Author elects to have the Materials be made available (as described at

http://www.jove.com/author) via: V Standard Access

Iltem 2 (check one box):

X

Open Access

The Author is NOT a United States government employee.

The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non  Commercial-No  Derivs 3.0  Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means MylJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
"Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. in consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JOVE website is
provided and notice of JOVE’s copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shail be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
item 1 above. In consideration of JOVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s} listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JOVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the wuse, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JOVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
fack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s
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expense. All indemnifications provided herein shall include
JoVE’s attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JoVE. If payment is
not received by the compietion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.

CORRESPONDING AUTHOR:
Stéphane Birklé
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Name:

Department: TR,

Institution: Université de Nantes

Article Title: Drugs in vitro and in Mice

Signature: . }&CL '
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Please submit a signed and dated copy of this license by one of the following three methods:
1) Upload a scanned copy of the document as a pfd on the JoVE submission site;

2) Faxthe document to +1.866.381.2236;

3) Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139
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Rebuttal Letter

Manuscript # JoVE58291 "An effective method to investigate the synergism between anti-
cancer antibodies and chemotherapeutic drugs in vitro and in mice."
Authors: Bahri et al.

Editorial and production comments:
Changes to be made by the Author(s) regarding the written manuscript:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there
are no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and
any errors in the submitted revision may be present in the published version.

Reply: Done.

2. Please revise lines 69-72, 389-391, 392-421, 484-486, 488-489, 494-497, and 559-562 to
avoid previously published text.
Reply: Done.

3. Please obtain explicit copyright permission to reuse any figures from a previous
publication. Explicit permission can be expressed in the form of a letter from the editor or a
link to the editorial policy that allows re-prints. Please upload this information as a .doc or
.docx file to your Editorial Manager account.

Reply: Done.

The Figure must be cited appropriately in the Figure Legend, i.e. “This figure has been
modified from [citation].”
Reply: Done.

4. Figure 1: Please change “ml” to “mL”.
Reply: Done.

5. Figure 2: Please ensure that the panels are of the same dimensions if possible.
Reply: Done.

6. Figures 5 and 6: Please change “sem” to “SEM”.
Reply: Done.

7. Please revise the title to be more concise.

Reply: Done. The revised title is “Potentiation of anti-cancer antibody efficacy by anti-
neoplastic drugs: detection of antibody-drug synergism using the combination index
equation.”

8. Keywords: Please provide at least 6 keywords or phrases.

Reply: Done. We provided the 9 following keywords: cancer research; drug development;
antibody-drug combination; antibody-drug interaction; MTT assay; antibody-drug synergy;
combination index equation; in vitro cell line model; tumor xenograft model.

*
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9. Please rephrase the Abstract to more clearly state the goal of the protocol.
Reply: Done.

10. Please define all abbreviations before use.
Reply: Done.

11. JoVE policy states that the video narrative is objective and not biased towards a
particular product featured in the video. The goal of this policy is to focus on the science
rather than to present a technique as an advertisement for a specific item. To this end, we
ask that you please reduce the number of instances of "CompuSyn" and “Matrigel” within
your text. The terms may be introduced but please use them infrequently and when directly
relevant. Otherwise, please refer to the terms using generic language.

Reply: Done. After introducing the terms Matrigel and Compusyn we replaced “Matrigel” by
basement membrane matrix and “Compusyn” by “simulation software”.

12. Please revise the protocol to contain only action items that direct the reader to do
something (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the
imperative tense in complete sentences wherever possible. Avoid usage of phrases such as
“could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be
written in the imperative tense may be added as a “Note.”

Reply: Done.

Please include all safety procedures and use of hoods, etc.
Reply: Safety procedures are reminded at the beginning of the Protocol Section.

Please move the discussion about the protocol to the Discussion.
Reply: Done.

13. Please revise the Protocol steps so that individual steps contain only 2-3 actions per step
and a maximum of 4 sentences per step. Use sub-steps as necessary.
Reply: Done.

14. 1.1.3: What is used to count cells?
Reply: We used a hemocytometer. This is indicated in the revised manuscript.

15. 1.1.6: Please specify other incubation conditions (temperature, %C02).
Reply: The temperature condition is 37°C and the % of CO2 is 5%, as added in the revised
manuscript.

16. 1.3.4: What is the humidity?
Reply: 95 %, this has been in the revised manuscript.

17. 2.1.3: What happens after centrifugation? Is the supernatant discarded?
Reply: The supernatant is discarded, as corrected in the revised manuscript.



18. Please ensure that the computational steps of the protocol are done in a graphical user
interface with explicit user input commands: File | Save | etc.
Reply: Done. We have re-written the corresponding Section.

19. Please revise to explain the Representative Results in the context of the technique you
have described, e.g., how do these results show the technique, suggestions about how to
analyze the outcome, etc.

Reply: Done. The Representative Results Section has been re-written accordingly.

20. References: Please do not abbreviate journal titles.
Reply: The full journal titles are now indicated.

21. Table of Equipment and Materials: Please provide lot numbers and RRIDs of antibodies, if
available.

Reply: Antibody 8B6 was generated in our laboratory. Lot numbers and RRID are not
available.

Changes to be made by the Author(s) regarding the video:

1. Please increase the homogeneity between the written protocol and the narration in the
video. It would be best if the narration is a word for word from the written protocol text.
Reply: We edited the video and homogenized the narration and the written protocol text.

2. Titles of the manuscript and the video do not exactly match.
Reply: Correct. Done, thanks.

3. The details in the video are not the same as the details in the written manuscript. For
example:

03:13: The video says incubate overnight while the written manuscript states 18 h.
Reply: Correct. Done, thanks.

04:15: Please use the same figure in video and in the written manuscript.
Reply: Done.

04:24: The video says 38 °C incubate overnight while the written manuscript states 37 °C.
Reply: Correct, fixed, thanks.

4. 04:54: Please remove commercial language from the video (Excel).
Reply: Done.

5. Please upload a revised high-resolution video here:
http://www.jove.com/files upload.php?src=17778803
Reply: Done.

6. Audio issues


http://www.jove.com/files_upload.php?src=17778803

¢ The audio volume of the narration is a bit low. To match with the other videos on our site,
the audio levels should be peaking between -6 and -12 dB.
Reply: Fixed.

® 9:57 - It sounds like the audio fades out while the narrator is still speaking. This should be
corrected.
Reply: Fixed.

Reviewers' comments:

Reviewer #1:

This is a straightforward and well-written manuscript. But Bahri et al unable to evaluate the
outcome of this study by using any standard approach.

Reply: The outcome of the study has been previously published by our group as cited in the
manuscript. Here we focused on the Chou and Talalay method.

Some suggestions for the authors' consideration:

1. The title of this manuscript is not suitable and did not provide any impact of the outcome
of this study. It is hard to get away from that fact. Please improve it.

Reply: Done. The revised title is “Potentiation of Anti-Cancer Antibody Efficacy by Anti-
Neoplastic Drug: Detection of Antibody-Drug synergism using the Combination Index
Equation.

2. It would be good if authors add a schematic representation of this study.
Reply: We added a schematic representation of the study (Fig. 1) is the revised manuscript.

3. Please mention any standard approach using FACS/ Western blot analysis or
Immunohistochemistry to prove the hypothesis.
Reply: Good suggestion. This has been added in the Discussion Section. Thanks.

4. Please also check the survival rate after treatment.
Reply: Fair point. Done, see Fig. 5B. Thanks.

5. Protocol for Antibody and drug preparation is too long and ambiguous. Author can easily
mention that the used serial dilution of compounds/ Antibody rather than to repeat about
the dilution.

Reply: We have shortened protocol Section accordingly.

6. Discussion- Please also correlate the outcome of this study with references from the other
published studies in large cohort.
Reply: | am afraid but the combination regimen has not been tested into patients yet.

Reviewer #2:
Major Concerns:
The authors correctly mention that the 8B6 monoclonal antibody can kill tumor cells through



either antibody-dependent cell mediated cytotoxicity or through apoptosis. However, the
assay described by the authors does not measure apoptosis directly (MTT assay measures
cell viability, and xenograft assay measures tumor size). The authors need to demonstrate
that the cells are being killed, and the effect is not just cytostatic, and is not simply a result
of cell proliferation decrease due to combination drug load. This is particularly important
because the xenograft experiment is in immunodeficient mice, so it is unlikely the tumors
are being killed by antibody-dependent cell mediated cytotoxicity. A simple
immunohistochemistry for apoptosis markers such as cleaved caspase-3 on xenograft
tumors should be sufficient to demonstrate this. Alternatively, Annexin V staining in cell lines
treated with the drug combinations should be able to show that the cells are being
synergistically killed if the author's conclusions are correct.

Reply: We agree with you. MTT assays only assess the cell viability. In addition, the killing
mechanisms of mAb 8B6 have been already published as cited in the Discussion Section. This
is clearly stated in the Discussion Section of the first submission. In respect with your
comment, we added in the revised manuscript Discussion Section the list of the standard
methods we used, in our previously published works, to assess apoptosis in vitro and in
tumor xenografts biopsies.

Minor Concerns:

-In line 134 the authors mention using 0.05% EDTA solution to dissociate cells. | believe the
authors meant to say Trypsin-EDTA solution. Please clarify

Good question. However, there is no typo. 0.05% EDTA solution can dissociate cells such as
IMRS cells. The use of a trypsin-EDTA solution would resulted in a decrease of the cell
viability since these cells are very sensitive to trypsin.

-In line 416 the authors need to mention which statistical test was used to calculate the p
values
Good suggestion. Done. Thanks

-Figure 2A the authors mention tail vein injection, however the figure indicated shows
intraperitoneal injection. Please clarify and use appropriate image
Thanks. We have modified Fig. 2 to match the Figure legend.

-Figure 3 the authors need to include statistics
Good suggestion. Done. Thanks
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