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Cell lines and chemotherapeutics 

Irinotecan hydrochloride (Parenta Pharmaceuticals, Yardley, PA) was diluted in sterile saline 

(0.9% NaCl, Injection, USP; Hospira, Inc., Lake Forest, IL) before injection. Bortezomib was 

purchased from Selleck USA (Houston, TX), dissolved in DMSO before final dilution in 2% 

ethanol/0.1% ascorbic acid in sterile saline.  Doxorubicin-HCl (Synbias Pharma Ltd., 

Schaffhausen, Switzerland; distributor: Transo-Pharm, Germany) likewise was dissolved in 

DMSO before final dilutions were made in sterile saline. 

 

Synthesis of CL2A-SN-38  

Abbreviations: DIEA, diisopropylethylamine; DMAP, 4-dimethylaminopyridine; EEDQ, 2-ethoxy-

1-ethoxycarbonyl-1,2-dihydroquinoline; MMT, monomethoxytrityl; PABOH, p-aminobenzyl 

alcohol; PEG, polyethylene glycol; TBAF, tetrabutylammonium fluoride; TBDMS, tert-

butyldimethylsilyl chloride. General: Chloroformate was prepared using triphosgene and DMAP 

according to the procedure described in Moon et al. (1) Extractive work-up refers to extraction 

with chloroform, dichloromethane or ethyl acetate, and washing optionally with saturated 

bicarbonate, water, and with saturated sodium chloride. Flash chromatography was done using 

230-400 mesh silica gel and methanol-dichloromethane gradient, using up to 15% v/v 

methanol-dichloromethane, unless otherwise stated. Reverse phase HPLC was performed by 

using a 4.6×30 mm Xbridge C18, 2.5 µm, column, fitted with a precolumn filter, using the 

solvent gradient of 100% solvent A to 100% of solvent B at a flow rate of 1.5 mL per minutes for 

4 min and 100 % of solvent B at a flow rate of 2 mL per minutes for 1 minutes.  Solvent A was 

0.3% aqueous ammonium acetate, pH 4.46 while solvent B was 9:1 acetonitrile-aqueous 
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ammonium acetate (0.3%), pH 4.46. HPLC was monitored by a dual in-line absorbance detector 

set at 360 nm and 254 nm. Preparation: To the mixture of commercially available Fmoc-

Lys(MMT)-OH (0.943g),  p-aminobenzyl alcohol (0.190g) in methylene choloride (10 mL) was 

added EEDQ (0.382g) at room temperature and stirred for 4 h. Extractive work up followed by 

flash chromatograph yielded 1.051 g  of material as white foam.  HPLC  ret. time : 3.53 min., 

Electrospray mass spectrum showed peaks at m/e 745.8 (M+H) and m/e 780.3 (M+Cl
-
), 

consistent with structure. This intermediate (0.93 g) was dissolved in diethylamine (10 mL) and 

stirred for 2 h. After solvent removal, the residue was washed in hexane to obtain 0.6 g of the 

intermediate ((2) in Fig. S1) as colorless precipitate (91.6% pure by HPLC).  HPLC ret. time : 2.06 

min. Electrospray mass spectrum showed peaks at m/e 523.8 (M+H), m/e 546.2 (M+Na) and 

m/e 522.5 (M-H). This crude intermediate (0.565g) was coupled with commercially available O-

(2-azidoethyl)-O’-(N-diglycolyl-2-aminoethyl)heptaethyleneglycol (‘PEG-N3’, 0.627g) using EEDQ 

in methylene chloride (10 mL). Solvent removal and flash chromatography yielded 0.99 g of the 

product ((3) in Fig. S1; light yellow oil; 87% yield). HPLC ret. time : 2.45 min. Electrospray mass 

spectrum showed peaks at m/e 1061.3 (M+H), m/e 1082.7 (M+Na) and m/e 1058.8(M-H), 

consistent with structure. This intermediate (0.92 g) was reacted with 10-O-TBDMS-SN-38-20-

O-chloroformate ((5) in Fig. S1) in methylene chloride (10 mL) for 10 min under argon. The 

mixture was purified by flash chromatography to obtain 0.944 g as a light yellow oil ((6) in Fig. 

S1; yield =  68%). HPLC ret. time : 4.18 min. To this  intermediate (0.94 g) in methylene chloride 

(10 mL) was added the mixture of  TBAF ( 1M in THF, 0.885 mL) and acetic acid (0.085 mL) in 

methylene chloride (3 mL), then stirred for 10 min. The mixture was diluted with methylene 

chloride (100 mL), washed with 0.25 M sodium citrate and brine. The solvent removal yielded 
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0.835g of yellow oily product.  HPLC ret. time : 2.80 min.,  (99% purity).  Electrospray mass 

spectrum showed peaks at m/e 1478 (M+H), m/e 1500.6 (M+Na), m/e 1476.5 (M-H), m/e 

1590.5 (M+TFA), consistent with structure. This azido-derivatized SN-38 intermediate (0.803g) 

was reacted with 4-(N-maleimidomethyl)-N-(2-propynyl)cyclohexane-1-carboxamide (0.233 g ) 

in methylene chloride (10 mL) in presence of cuprous bromide (0.0083 g), DIEA (0.01 mL) and  

triphenylphosphine ( 0.015 g), for 18 h. Extractive work up, including washing with and 0.1M 

EDTA ( 10 mL), and flash chromatography yielded 0.891 g as yellow foam. (yield = 93%), HPLC 

ret. time : 2.60 min. Electrospray mass spectrum  showed peaks at m/e 1753.3 (M+H), m/e 

1751.6 (M-H), 1864.5 (M+TFA), consistent with structure. Finally, deprotection of the 

penultimate intermediate (0.22g ) with a mixture of  dichloroacetic acid (0.3 mL) and anisole 

(0.03 mL) in methylene chloride (3 mL), followed by precipitation with ether yielded  0.18 g 

(97% yield) of  CL2A-SN-38; ((7) in Fig. S1) as light yellow powder. HPLC ret. time : 1.88 min. 

Electrospray mass spectrum showed peaks at m/e 1480.7 (M+H), 1478.5 (M-H), consistent with 

structure.  Structures of all intermediates and final product were further confirmed by 
1
H and 

13
C NMR spectra. 

 

Conjugation of CL2A-SN-38 to IMMU-114 to make IMMU-140 

Conjugation of CL2A-SN-38 to IMMU-114 to make the final IMMU-140 product was performed 

as previously described (1, 2).  Briefly, IMMU-114 was reduced with a 7-fold excess of tris(2-

carboxyethyl)phosphine for 2 h at 37 °C, cooled, and the pH was adjusted to pH 6.5. The 

reduced antibody was conjugated at room temperature to a 10-fold molar excess of CL2A-SN-

38 using 5% v/v of DMSO as co-solvent. After 20 min, N-ethylmaleimide at a 10-fold excess was 
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added and incubated for further 10 min. Purification was performed first on centrifuged-size-

exclusion columns equilibrated in 25 mM MES buffer, pH 6.5, followed by passage on a 

hydrophobic column of Biobead equilibrated in the same buffer. The purified conjugate was 

formulated with trehalose (25 mM final conc) and polysorbate 80 (0.01% v/v), transferred to 

multiple vials, and lyophilized. Sealed vilas of lyophilate were stored in a -20 °C freezer.  

Stability in PBS, normal mouse serum, and normal human serum was done as previously 

described (1, 2). 

 

In vitro cell binding 

LumiGLO Chemiluminescent Substrate System (KPL, Gaithersberg, MD) was used to detect 

antibody binding to cells. Briefly, cells were plated into a 96 black-well, flat-clear-bottom plate 

overnight. Antibodies were serially diluted 1:2 and added in triplicate, yielding a concentration 

range from 0.03 to 66.7 nM. After incubating for 1 h at 4° C, the media was removed and the 

cells washed with fresh cold media followed by the addition of a 1:20,000 dilution of goat-anti-

human horseradish peroxidase-conjugated secondary antibody (Jackson Immunoresearch, 

West Grove, PA) for 1 h at 4° C. The plates were again washed before the addition of the 

LumiGLO reagent. Plates were read for luminescence using an Envision plate reader (Perkin 

Elmer, Boston MA). Data were analyzed by non-linear regression to determine the equilibrium 

dissociation constant (KD) using Prism GraphPad Software (v7.02) (Advanced Graphics Software, 

Inc.; Encinitas, CA).  Three independent assays were run and calculated KD-values compared 

using a two-tailed t-test.  Significance was set at P<0.05. 
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HLA-DR expression on cell lines via FACS 

Expression of HLA-DR on human cell lines was performed via FACS analysis with Alexa Fluor® 

647-labeled IMMU-114 (Alexa Fluor® 647 Protein Labeling Kit, Life Technologies, Eugene, OR). 

Alexa Fluor® 647-labeled h679 served as the negative control.  Previous to staining with labeled 

antibodies, the cells were incubated with an Fc-receptor blocker (Miltenyi Biotec, Inc., San 

Diego, CA). Dead cells were identified and gated out of the final analysis by incubation with 7-

amino-actinomycin D (7-AAD, Life Technologies).  Data were acquired on a BD FACSCanto™ flow 

cytometer (BD Biosciences; Ann Arbor, MI) with CellQuest Pro software. Staining was analyzed 

with Flowjo software (Tree Star, Ashland, OR). 

 

In vitro cytotoxicity of tumor cell monolayers 

Cytotoxicity in vitro was determined using the 3-(4,5-dimethylthiazol-2-yl)-5-(3-

carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium dye reduction assay (MTS dye 

reduction assay; Promega, Madison, WI).  Briefly, cells were plated into 96-well clear, flat-

bottomed plates.  Both melanoma cell lines (A-375 and SK-MEL-28) were plated overnight to 

allow cells to reattach to plastic before starting the assay.  Free SN-38 dissolved in DMSO and 

the immunoconjugate reconstituted in media were diluted with media to a final concentration 

of range of 0.004 to 250 nM in the wells.  For naked antibody cytotoxicity (i.e., IMMU-114 and 

control h679), final antibody concentrations ranged from 0.62 pM to 40 nM.   Plates were 

incubated in humidified chamber for 96 h 37°C/5% CO2, after which the MTS
 
dye was added 

and placed back into the incubator until untreated control cells had an absorbance greater than 

1.0. Growth inhibition was measured as a percent of growth relative to untreated cells. 



7 

 

 

Formation of A-375 spheroids for cytotoxicity evaluation 

Ninety-six-well plates were coated with 80 µL of 1% agarose (Sigma-Aldrich; St. Louis, MO) per 

well, which was then added 200-µL culture medium containing 5,000 cells of A-375 detached 

from monolayer. After 5 days, the single spheroids that formed in each well were transferred to 

non-tissue-culture-treated 6-well plates, with each well containing up to 6 spheroids in 2-mL 

culture medium and treated with testing agents for 48 h, as indicated in Results and figure 

legends. At the end of the treatment, propidium iodide (PI) and calcein AM, both provided in 

the live/dead cell double staining kit (Sigma-Aldrich), were added to stain dead and viable cells, 

respectively. Brightfield and fluorescent images were taken with a SPOT RT3 camera (Diagnostic 

Instruments; Sterling Heights, MI) mounted on a fluorescence microscope (Olympus; Waltham, 

MA). 

 

Western blot assessment of ERK1/2 phosphorylation, PARP cleavage, and double-stranded 

DNA breaks in vitro 

Cells were lysed in Ripa buffer containing protease/phosphatase inhibitor cocktail (Cell 

Signaling Technology; Danvers, MA) and protein concentrations were determined using BCA 

Protein Assay Kit (Thermo Fisher; Grand Island, NY). A total of 17 µg of protein was resolved 

using 4-12% Tris-Glycine gels and transferred to PVDF using Tris-Glycine transfer buffer 

containing 10% methanol.  Blots were blocked with 5% nonfat milk in 1x TBS-T for 1 h at room 

temperature. Membranes were probed overnight at 4°C with primary antibody, followed by 1 h 

incubation at room temperature with secondary antibody. Primary antibodies were purchased 
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from Cell Signaling Technology and include anti-phospho ERK 1/2(Cat. No. 4377), anti- ERK 1/2 

(Cat. No. 9102), anti-PARP (Cat. No. 9532), and anti-β-actin (Cat. No. 4967). The secondary 

antibody used was horseradish peroxidase-conjugated goat-anti-rabbit Fc (Jackson 

ImmunoResearch Laboratories, Inc.; West Grove, PA; Cat. No. 111-035-046).  SignalFire™ ECL 

Reagent (Cell Signaling Technology) was used for detection. 

 

For phosphorylated-H2A.X (p-H2A.X) and β-actin detection, 60 µg of protein was resolved using 

4-12% Bis-Tris NuPAGE gels and transferred to nitrocellulose using Tris-Glycine transfer buffer 

containing 20% methanol.  Primary and secondary antibodies were purchased from Cell 

Signaling Technology unless otherwise noted and include rabbit anti-human phospho-H2A.X 

(Cat. No. 2577), secondary antibodies were horseradish peroxidase conjugated antibodies to 

rabbit (Cat. No. 7074) IgG.  SuperSignal ®West Dura Extended Duration Substrate (Thermo 

Scientific) was used for detection.  

 

In vivo therapeutic studies 

All animal studies were approved by Rutgers School of Biomedical and Health Sciences and by 

Montclair State University Institutional Animal Care and Use Committees, respectively.  For the 

ALL (MN-60), CLL (JVM-3), mulitiple myeloma (MM; CAG), diffuse large B-cell lymphoma 

(DLBCL; SU-DHL-6), and Hodgkin lymphoma (HL; L-540) disease models, C.B-17 SCID mice, 4-8 

weeks old, were purchased from Taconic Farms (Germantown, NY).  The acute myeloid 

leukemia (AML; MOLM-14) model utilized 4-week-old, female NSG/SCID mice from Jackson 

Laboratories (Bar Harbor, ME). NCr female athymic nude (nu/nu) mice, 5 weeks old, were 



9 

 

purchased from Taconic Farms and used for the A-375 melanoma model.  Mice used to 

establish experimental AML and MM received 2 Gy irradiation 24 h and 48 h prior to 

inoculation of cells, respectively.  Disseminated disease was established for AML by injecting 

2x10
6
 cells i.v. while all the other disseminated models used 10

7
 cells i.v.  Therapy began 5 days 

post-tumor cell inoculation.  Mice were deemed to have succumbed to disease progression and 

euthanized once hind-limb paralysis developed or if they otherwise became moribund.  

Additionally, if mice lost more than 15% of initial body weight they were sacrificed.  

 

Solid tumor xenografts (DLBCL, HL, and melanoma) were established by injecting cells s.c. into 

the right flank of animals.  For DLBCL, SU-DHL-6 stock tumors were used to make a tumor 

suspension (30% w/v) which was augmented by harvested cells from tissue culture (5x10
6
 cells 

per mouse) that was then injected into the mice. Hodgkin lymphoma was established by 

injecting harvested cells from tissue culture mixed 1:1 with matrigel, such that each mouse 

received a total of 1x10
7
 cells.  Melanoma cells (A-375) were likewise harvested from tissue 

culture with 5x10
6
 cells injected, without matrigel. Tumor volume (TV) was determined by 

measurements in two dimensions using calipers, with volumes defined as: L x w
2
/2, where L is 

the longest dimension of the tumor and w the shortest.  Mice were randomized into treatment 

groups and therapy begun when tumor volumes were approximately 0.3 cm
3
.  Mice were 

euthanized for disease progression once tumors grew to greater than 1.0 cm
3
 in size.  For 

melanoma, mice were euthanized once tumors exceeded 2.0 cm
3
.  
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Immunohistological assessment of the distribution of HLA-DR in formalin-fixed, paraffin-

embedded tissues. 

Tumor xenografts were fixed in 10% buffered formalin, and paraffin-embedded. Normal human 

lymph node positive control tissue was purchased from Tissue for Research Ltd. (New Market, 

England, UK). After deparaffination, 5-μm sections were incubated with Tris/EDTA buffer (DaKo 

target retrieval solution, pH 9.0; Dako, Denmark) at 95 °C for 30 min in a NxGen decloaking 

chamber (Biocare Medical, Concord, CA). All antibodies were purchased from Abcam 

(Cambridge, MA).  HLA-DR was stained with a rabbit monoclonal anti-human HLA-DR alpha-

chain-specific antibody (ab92511) and detected with a horseradish peroxidase (HRP)-labeled 

goat anti-rabbit IgG (ab97051), followed by incubation with 3,3'-diaminobenzidine (DAB) 

substrate. PBS was used as the negative control. Tissues were counterstained with hematoxylin 

for 5 sec. 
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Supplemental Data Table S1.  Area under the curve comparisons between IMMU-140 

treated A-375 melanoma-bearing mice and all other treatment groups. 

Compared Treatments 

*
Time of 

Comparison 

Tumor AUC (d x cm
3
) 

(mean ± s.d.) 

P-Value 

(AUC) 

IMMU-140 
(12.5 mg/kg) 

 

versus 

Control ADC 
(12.5 mg/kg) 

Up to therapy 

Day 35 
7.87 ± 3.29 vs. 17.22 ± 10.79 0.0244 

IMMU-114 + Irinotecan 
(12.5 mg/kg + 0.375 

mg/kg) 

Up to therapy 

Day 21 
4.34 ± 1.09 vs. 22.25 ± 2.48 <0.0001 

Irinotecan 
(3.75 mg/kg; 10-fold dose) 

Up to therapy 

Day 28 
5.77 ± 1.69 vs. 22.05 ± 6.10 <0.0001 

IMMU-114 

 (12.5 mg/kg) 

Up to therapy 

Day 14 
3.07 ± 0.78 vs. 13.53 ± 6.60 0.0059 

Saline 

(100 µL) 

Up to therapy 

Day 14 
3.07 ± 0.78 vs. 17.10 ± 3.78 <0.0001 

*
As a consequence of incompleteness of some of the growth curves (due to reaching study end-points), statistical 

comparisons of AUC were performed up to the time at which the first animal within a group is sacrificed due to disease 

progression (i.e., TV>2.0 cm
3
).   
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SUPPLEMENTAL DATA FIGURE LEGENDS 

Figure S1.  Synthesis Scheme for CL2A-SN-38. Schematic showing the creation of the CL2A-

linker and how SN-38 is attached via the 20
th

 position as described in detail in the methods. 

 

Figure S2.  Fluorescent Images of A-375 Spheroids Stained with PI and Calcein AM. A-375 

human melanoma tumor cells were plated to create spheroids (Sp) and treated as described in 

Methods.  Each numbered spheroid (e.g., Sp1) represents an individual and distinct A-375 

spheroid. (A) PI-stained images of spheroids treated with 30 nM of h679-SN-38 (containing 200 

nM of SN-38; Sp1 and Sp2) or 33 nM of IMMU-140 (containing 200 nM of SN-38; Sp3 and Sp4) 

for 48 h.  (B) Superimposed images of the same spheroids in (A) stained with PI and calcium 

AM. (C) PI-stained images of spheroids treated with 15 nM of h679-SN-38 (containing 100 nM 

of SN-38; Sp 5 and Sp6) or 16 nM of IMMU-140 (containing 100 nM of SN-38; Sp7 and Sp8) for 

48 h.  (D) PI-stained images of spheroids treated with 30 nM of concentration of h679 IgG (Sp9 

and Sp10) or with 33 nM of IMMU-114 (Sp11 and Sp12) for 48 h. 

 

Figure S3.  Survival Curves of IMMU-140 versus IMMU-114 Treatment of Disseminated 

Xenograft Disease Models of Human ALL, AML, MM, and CLL.  C.B-17 SCID mice were used in 

the ALL (MN-60), MM (CAG), and CLL (JVM-3) disease models.  NSG/SCID mice were utilized for 

the AML model (MOLM-14).  Mice used for AML and MM received 2 Gy whole body irradiation 

24 and 48 h prior to cell inoculation, respectively.  All therapies started 5 days post-cell 

inoculation and consisted of twice weekly injections of therapy unless otherwise noted (arrows 

indicate time of injections). P-values were determined by log-rank analysis as described in the 

Methods as are all other aspects of these experiments.   (A) Mice inoculated with MN-60 cells 
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treated as indicated with IMMU-140 (i.p.) and IMMU-114 (s.c.). (B)  Percent changes in body 

weight of MN-60 inoculated mice that received IMMU-140 (25 mg/kg twice weekly x 4 weeks).  

(C)  MOLM-14 inoculated mice treated with two different doses of IMMU-140 (25 or 12.5 

mg/kg).  IMMU-114 was only administered at 25 mg/kg.  (D)  Percent changes in body weight of 

these same MOLM-14 inoculated irradiated mice treated with the highest dose of IMMU-140.  

(E)  CAG cells injected into irradiated mice.  Bortezomib (0.5 mg/kg) was administered as i.v. 

injections weekly for 4 weeks.  One mouse in the Bortezomib plus IMMU-140 group was 

censored as an outlier (Grubb’s test P<0.05).   (F)  JVM-3 tumor-bearing mice were 

administered three different doses of IMMU140 and IMMU-114 as indicated.  (G)  Tumor 

masses removed from JVM-3 mice euthanized for disease progression and subjected to IHC as 

described in Methods.  Red bar = 50 µm.  PBS inset shows control for background staining of 

secondary antibody. 

 

Figure S4.  Tolerability of IMMU-140 Combined with Doxorubicin or Bortezomib in SCID Mice.   

Mice from the various therapy experiments were treated and weighed periodically from the 

time therapy began (i.e., therapy day 0) as indicated in Methods.  Weights for the different 

treatment groups are represented as the percent of starting body weight (i.e., day 0 = 100%).  

Toxicity was set at any mouse that dropped to 85% or less.  (A) CAG tumor-bearing mice were 

treated with bortezomib (0.89 mg/kg; wkly x 4 wks), IMMU-140 (25 mg/kg; twice weekly x 4 

weeks), or the combination of both. (B)  L-540 tumor-bearing mice were treated with 

doxorubicin (single 2 mg/kg injection), IMMU-140 (5 mg/kg; twice weekly x 4 weeks), or the 

combination of both.   
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Figure S5.  HLA-DR αααα-Chain Expression on Hematological Cancer Xenografts.  Subcutaneous 

tumors were removed for tumor-bearing mice, formalin-fixed, and paraffin embedded before 

being sectioned and stained as described in Methods.  Normal human lymph node tissue served 

as the positive control and PBS was used as the negative control for background staining.  Red 

bar = 50 µm. 
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Figure S5 
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