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The improvement of an anti-CD22 immunotoxin

Conversion to single-chain and disulfide stabilized form
and affinity maturation by alanine scan
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Abbreviations: ALL, acute lymphoblastic leukemia; CDR, complementary determining region; CLL, chronic lymphocytic
leukemia; HA22, moxetumomab pasudotox; OD, optical density; PBS, phosphate buffered saline; PE, Pseudomonas exotoxin A;
RIT, recombinant immunotoxin; scdsFv, single chain and disulfide bond-linked fragment variable; TSK, toyo soda kogyo;

Vi variable domain of heavy chain; Vo variable domain of light chain; WT, wild type

HA22-LR is a recombinant immunotoxin for the treatment of B-cell malignancies that contains the Fv portion of an
anti-CD22 antibody fused to a functional portion of Pseudomonas exotoxin A. In the present study, we attempted to
improve this molecule. First, we produced a single-chain version of HA22-LR (scdsFv-HA22-LR) in which a peptide linker
was introduced between the disulfide-linked light and heavy chains to enable production via single fermentation. No
difference in cytotoxic activity was observed between scdsFv-HA22-LR and prototype HA22-LR. Next, we attempted
to increase the affinity of scdsFv-HA22-LR by using alanine scanning mutagenesis of complementarity determining
regions (CDRs) to assess the specific contribution of each CDR residue to the antigen binding. We found that mutation
of asparagine 34 in V CDR1, which is located at the V /V,, interface, to alanine (N34A) caused a substantial increase in
affinity and activity. Estimated K, values measured by fluorescence-activated cell sorting were lowered by 10-fold:
0.056 nM in the N34A mutant compared to 0.58 nM in wild type (WT). Cell viability assays of CD22-positive B-cell
lymphoma and leukemia cell lines showed that the N34A mutant had increased cytotoxicity ranging from ~2 (HAL-1,
IC,,(WT): 2.37 + 0.62 ng/ml, IC, (N34A): 1.32 £ 0.41 ng/ml) to 10 (SUDHL-6, IC, (WT): 0.47 + 0.090 ng/ml, IC, (N34A): 0.048
+0.018 ng/ml)-fold compared to WT immunotoxin. The present study suggests that the N34A mutant of scdsFv-HA22-LR

could have important consequences in a clinical setting.

Introduction

The binding of antibodies to specific antigens on cancer cells has
prompted their use as targeted therapies for cancer.! The Food and
Drug Administration has approved 30 antibody-based therapies,
and it is expected that many more will follow.? Immunotoxins are
a category of immunoconjugates in which antibodies are joined
to protein toxins. They exploit the precision of antibodies and the
lethality of protein toxins to target and kill cancer cells express-
ing specific cell surface proteins. Any tumor-associated cell-
surface antigen is a potential target for immunotoxins as long as
it is not expressed on essential normal cells. A variety of plant,
fungal and bacterial toxins have been adapted for use with immu-
notoxins, including ricin, diphtheria toxin and Pseudomonas
exotoxin A (PE).>*

Our approach to targeted therapy is to genetically fuse the
variable fragment (Fv) of a tumor-reactive antibody to a portion
of PE. PE-based immunotoxins are currently in clinical studies
for the treatment of lymphomas and leukemias, as well as solid
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tumors.”® A Phase 1 study of the anti-CD25 immunotoxin LMB-2
(anti-TacFv-PE38) showed a 23% response rate in patients with
hematologic malignancies refractory to standard chemotherapy.”
Also, a Phase 1 study of the anti-mesothelin immunotoxin SS1P
demonstrated minor but encouraging responses for treating solid
tumors in patients with mesothelioma or ovarian cancer who had
failed standard therapies.®

We have focused much of our recent efforts in targeting
CD22 on B cell malignancies. The recombinant immunotoxin
BL22 contains the Fv fragment of an anti-CD22 mAb fused
to a 38 kDa fragment of PE.* In Phase 1 and Phase 2 clinical
studies, BL22 was highly active in hairy cell leukemia (HCL)
despite prior purine analog treatment and resistance.” Patients
with chronic lymphocytic leukemia (CLL), however, had poorer
response to BL22, which we attribute to much lower expression
of CD22 on CLL compared with HCL cells.’ To enable more
immunotoxin to bind to and enter cells, rather than disassociat-
ing from the antigen, the off-rate of BL22 was decreased by muta-
genesis of the third complementary determining region (CDR)
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of the heavy chain (V,,CDR3)."” The resulting immunotoxin,
HA22 (moxetumomab pasudotox), contains 3 amino acid muta-
tions; '%°Ser-1"%Ser-"""Tyr in Fv of BL22 were changed to ""“Thr-
100aHjs-19%Trp. ' The mutant immunotoxin bound CD22 with a
10-fold higher affinity due to a slower off-rate. It has significantly
improved cytotoxicity and is undergoing Phase 1 testing in HCL,
CLL, non-Hodgkin lymphoma and acute lymphoblastic leuke-
mia in children NCT00659425."

To achieve more productive intracellular trafficking and less
immunogenicity, the proteolytic susceptibility of the PE38 por-
tion of HA22 was modified.!? The new immunotoxin, HA22-LR,
has a deletion of most of domain II of PE. HA22-LR has the
same activity as HA22, but has two remarkable and unexpected
properties. One is that it kills CLL cells from patients much more
effectively than HA22. The other is that it has much less toxic-
ity to mice, which suggests it should have fewer side effects in
patients than HA22.

Because of the clinical benefits obtained with HA22, we
decided to further improve this molecule by increasing its affin-
ity and consequently its activity. Although much effort has been
put into improving the affinity of HA22 Fv by mutating sev-
eral mutational “hot spot” residues of CDRs, the improvements
were relatively small."® In the present study, we exploited a dif-
ferent strategy of affinity maturation in which the functional
contributions to binding of individual CDR residues was pre-
cisely assessed by alanine scanning mutagenesis."* An additional
problem with HA22 is that it requires two separate fermenta-
tions to make the protein, because the variable domain of light
chain (V) and heavy chain (V)-PE38 portions are produced
separately and then assembled into one protein by redox shuf-
fling and protein renaturation.” In the current paper, we describe
the production of an anti-CD22 Fv in which the light and heavy
chains are connected by both a peptide linker and a disulfide
bond to stabilize the immunotoxin to make production easier.'®
The resulting immunotoxin called HA22 (scds)Fv-LR was used
for the mutational analysis (Fig. 1).

Results

Generation of anti-CD22 immunotoxin, scdsFv-HA22-
LR (single chain-, disulfide bond-Fv-HA22-LR). We made
the scdsFv form of HA22-LR by introducing a peptide-linker
between light chain and heavy chain of Fv (Fig. 1A). This pro-
tein was made from the newest generation of PE-based immu-
notoxins, which consist of a disulfide-linked Fv (dsFv) of a mAb
attached to domain IIT of PE by a linking peptide, which bears
a furin-cleavage site. Introduction of a peptide linker between
the V,, and V| enabled us to produce the immunotoxin in a
single fermentation. This is particularly advantageous for large-
scale production of clinical-grade protein, which requires high
homogeneity of product and the best curtailment of the cost.'®
The purity of scFv-HA22-LR protein was over 90%. Cytotoxic
activities of conventional dsFv-form and newly generated scdsFv-
form of HA22-LR were compared in WST-8 cell viability assays
using Raji and CA46 cell lines (Fig. 1B). No difference in
cytotoxic activity was observed between scdsFv-HA22-LR and
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dsFv-HA22-LR [IC (scdsFv): 0.84 + 0.29 ng/ml (Raji), 0.49 +
0.10 ng/ml (CA46), IC, (dsFv): 0.75 + 0.01 ng/ml (Raji), 0.43 +
0.07 ng/ml (CA46)].

Next, to further improve this molecule, we attempted an
affinity maturation of scdsFv-HA22-LR. We exploited the ala-
nine scan strategy to identify functionally important residues of
the Fv. It is very likely that V,,CDR3 region is the primary anti-
gen binding site of HA22 Fv because V,CDR3 is the primary

antigen binding site in most antibodies,"'®

and because our pre-
vious studies using a phage-based in vitro evolution method'*"
showed that Thr'®-His'***-Trp'* in V|, CDR3 is the only region
whose modification drastically altered the affinity of HA22 Fv.
Also, insertion of Gly before and after this region greatly reduced
the activity of HA22 immunotoxin (unpublished data). Indeed,
modeling studies show that Thr'®®, His'** and Trp' are highly
exposed on the tip of heavy chain CDR3 loop (data not shown).
Therefore, we decided to start by performing alanine scanning
of all the V,CDR3 residues and then perform alanine scanning
of V,CDRI1 and V CDRI residues because these CDRs are
often important in antigen binding. Several studies on the affin-
ity maturation of antibodies suggest that the key to successful
affinity maturation is to find and modify the residue(s) which
affects binding significantly but are not essential, because direct
alteration of an essential paratope usually results in the total loss
of binding ability of the antibody.”?' Because the definition of
the CDR regions is slightly different between the Kabat and
IMGT?® numbering schemes, we prepared alanine mutants of
residues which either scheme defines as a V,CDR1, V ,CDR3 or
V,CDRI1 residue (Fig. 1A and shown in purple).

Preparation of the immunotoxins. Wild type (WT) and ala-
nine mutants of scdsFv-HA22-LR were expressed in E. coli BL21
(ADE3).5 The immunotoxins were refolded from solubilized
inclusion bodies using a redox-shuffling buffer and were purified
by ion-exchange chromatography on Q-Sepharose and Mono-Q
columns followed by gel filtration chromatography on TSK
(Toyo Soda Kogyo) column.” Purified immunotoxins, migrated
as a monomer on the TSK column, and had the expected size of
52 kDa when analyzed by SDS-PAGE (Fig. 2). The purity of
each immunotoxin was over 90%.

Alanine scanning of V, ,CDRI1, V ,CDR3 and V CDRI1
residues of scdsFv-HA22-LR. Cytotoxic activities of the mutant
immunotoxins were measured using WST-8 cell viability assays.
The IC, | values were compared with that of WT scdsFv-HA22-
LR to evaluate relative activities (Table 1). These relative activi-
ties correlated well with the K values measured by Biacore (data
not shown), although the variability was much smaller in cyto-
toxicity assays compared with Biacore measurements. Therefore,
we used the relative cytotoxic activity values as an index to assess
the contribution of each CDR residue toward antigen binding.

The relative activities of G97A, YI8A and G99A were excep-
tionally low (<0.0005), indicating that these residues make up
the direct and functional paratope. W100bA showed a large
reduction in relative activity (0.0067, Table 1), indicating that
W100b contributes to binding but is not essential, and thus is an
appropriate target for the modification in affinity. Since Trp'*®
has already been extensively examined in our previous study
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Figure 1. (A) The structure of scdsFv version of HA22LR. The 2-chain disulfide- and peptide-(linker 1) linked Fv of an antibody targeting CD22 is com-

bined with the domain Ill of native PE by the linker which bears Furin-cleavage site (linker 2) to create an immunotoxin. The Fv portion sequence is
shown. Residue numbering is based on the Kabat numbering scheme.?? The CDR regions are defined according to Kabat et al. (underlined) and IMGT?
(boldface). Alanine-scanned CDR residues are shown in red. (B) Activities of dsFv-form (circles and dotted line) and scdsFv-form (squares and solid

line) of HA22-LR on CD22-positive cells. The cytotoxicity was measured by WST-8 in triplicate 3 times. Typical cytotoxic curves are shown. Data are
expressed as the mean + SD. IT, immunotoxin.
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Figure 2. SDS-PAGE analysis of purified immunotoxins. Ten pg of puri-
fied immunotoxins were loaded per lane. Gel picture of 10 immunotox-
ins is shown as representative of the size and purity of all immunotoxins
used in this study.

in which prototype BL22 Fv was affinity-maturated to HA22
Fv,"” this position was left intact in this study. In V,CDR1 and
V|, CDR1, most of the alanine mutants showed 0.4 ~ 1.0 relative
activities compared to WT (Table 1), indicating that the residues
replaced by alanine do not contribute in a major way to binding
to CD22. The exception is the N34A mutant of V. CDR1 (Fig. 3
and Table 1). N34A was ~5-fold more active than WT on Raji
cells (Table 1).

Production and characterization of mutants of position 34 in
V,CDRI. As shown in Table 1, mutant N34A had about 5-fold
increased activity relative to scdsFv-HA22-LR. The modeling of
the Fv showed that V 34N of HA22-Fv is located at the V /V
interface (Fig. 3). It is possible that the mutation in the V /V
interface residue affects the affinity of the immunotoxin by influ-
encing the interaction between the V, and the V, chain, thus
altering the energetic stability of the V /V /antigen complex.
Based on these information and speculation, we also mutated
V34N to Gly, Gln, Glu, Tyr, His and Ser, which are conserved at
this position in mouse germ line antibody sequences, and tested
activities of these immunotoxins (Table 1). All of these mutants
were less active than WT, except N34G and N34Q. N34G and
N34Q showed 2.2 and 1.5-fold activity than WT.

Affinity measurement on Daudi cells. The relative affinities
of the N34A mutant and WT scdsFv-HA22-LR were measured
by fluorescence-activated cell sorting (FACS; Fig. 4A) because
N34A mutant showed the most increased activity using Raji
cells. As predicted from the increase in cytotoxic activity, N34A
mutant showed ~10 fold higher affinity to Daudi cells compared
with WT. Estimated K values of WT and N34A mutant are
0.58 nM and 0.056 nM, respectively. The K value of the WT in
this assay was consistent with the value calculated in the Biacore
assay.'”"> We attempted to measure the affinity of the mutant by
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Biacore, but, because of the very slow off rate of the parent HA22
Fv, it was difficult to show a difference (unpublished data).

Cytotoxic activities of N34A mutant on CD22-positive cell
lines. The activity of the N34A mutant was investigated on addi-
tional CD22-positive B-cell lymphoma and leukemia cell lines
(Fig. 4B and Table 2). In Burkitt lymphoma cell lines, the N34A
mutant was ~4- to 5-fold more active than WT [IC, (WT) vs.
IC,(N34A) (ng/ml): 0.59 + 0.063 vs. 0.12 + 0.10 (Raji), 0.36
+ 0.065 vs. 0.10 + 0.042 (CA46) and 0.54 + 0.26 vs. 0.11 =
0.041 (Daudi)]. In ALL cell lines, the N34A mutant was -2-
to 3-fold more active than WT [IC, (WT) vs. IC, (N34A) (ng/
ml): 1.61 + 0.25 vs. 0.56 + 0.17 (Nalm-19) and 2.37 + 0.62 vs.
1.32 + 0.41 (HAL-1)]. The N34A mutant immunotoxin showed
~3-and ~10-fold increased cytotoxicity in ABC-DLBCL cell line
SUDHL-5 (ICSO(WT) vs. ICSO(N34A) (ng/ml): 1.45 = 0.15 vs.
0.43 + 0.037) and GCB-DLBCL cell line SUDHL-6 (ICSO(WT)
vs. IC, (N34A) (ng/ml): 0.47 + 0.090 vs. 0.048 + 0.018), respec-
tively. Thus, the N34A immunotoxin showed increased cytotox-
icity compared with WT in all of the cell lines tested. The mutant
immunotoxin was not cytotoxic to the CD22-negative cell line
L55, which demonstrated that the cytotoxic effect is selective to
antigen-positive cells.

Discussion

In the current study, we made a new immunotoxin in which the
light and heavy chains are connected by both a peptide linker and
a disulfide bond and used this protein as a starting point to map
the location of important paratopes, and to improve the activ-
ity and the affinity of the immunotoxin.’* We found we could
improve affinity and cytotoxic activity by mutating the V,/V
interface residue in V, CDR1. The mutant immunotoxin N34A
showed increased cytotoxicity to CD22-positive cell lines. The
mutant immunotoxin N34A had up to a 10-fold improvement in
activity toward CD22-positive cells. Optimization of HA22-LR
for large-scale production of clinical-grade protein by convert-
ing it to scdsFv-form should greatly facilitate the development
of this molecule. Moreover, the increase in activity could be very
useful in the treatment of malignancies that express CD22. The
increased cytotoxic activity of the mutant immunotoxin should
produce a clinical benefit with a lower dose and in turn lead to
a decrease in nonspecific toxicities in patients. For these reasons,
the N34A mutant of scdsFv-HA22-LR immunotoxin merits fur-
ther preclinical development.

The approach used to increase the affinity of HA22 Fv was to
identify functionally important residues for binding by alanine
scanning of V ,CDR1, 3 and V,CDRI. Other strategies that
are used to increase the affinity of antibodies, such as codon-
based mutagenesis,”* CDR walking,?>?¢ error-prone replication®
and synthetic CDR construction,?® require the construction of
large libraries of phage or yeast because all CDRs residues are
mutagenized. Such libraries are difficult to make and to handle.?”
Also, panning on purified protein can isolate Fvs that bind poorly
to the cell bound form of the target protein.?

Our approach was (1) to examine relative cytotoxicities of ala-
nine mutants of immunotoxin and to find the candidate position
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to focus on and (2) to examine the residues conserved among ~ Table 1. Specific cytotoxic activities of mutants in CDRs

the mouse germlines at the position identified. This approach is WST (Raji, IC_, + Relative
free from the problems of preparing and panning phage libraries. SD (ng/ml)) activity*
Also, measuring the cytotoxicity of each alanine mutant is more  V,CDR3
useful than first measuring affinity of purified CD22 protein WT 0.56 + 016 1.00
whose comformation could be different than the conformation HO5A 1.07 +0.05 0.52
of the antigen on target cells. . . p— 061+ 012 0.92

Based on the alanine scanning of V,,CDR3 residues, the rela- co7A 1000 <0.0005
tive activity of G97A, Y98A, and G99A were exceptionally low :
indicating that these residues make up the direct and functional LTS Al 00002
paratope. In our previous phage-based study, these residues were G99A >1000 <0.0005
always restored to starting residues after panning randomized T100A ND ND
phage libraries on CD22Fc protein (reviewed in refs. 10 and 13; H100aA 0.84 + 0.04 0.67
unpublished data). This indicates that these residues are indis- W100bA 83.6+7.6 0.0067
pensable for binding and other amino acids cannot be allowed T - .
at these positions. W100bA showed a large reduction in relative

.. T . . V100dA 1.00 = 0.26 0.56
activity (Table 1), indicating that W100b contributes to bind-
ing but is not essential, and thus is an appropriate target for the LS 0.53+0.12 1.06
modification in affinity. Indeed, W100b was the key residue F100fA 1.03+0.12 0.54
involved in increasing the affinity of prototype immunotoxin A101A 0.56 +0.16 1.00
BL22 to HA22." The confirmation of previous results by our Y102A 0.68 + 0.09 0.82
alanine scanning analysis of V,,CDR3 residues indicates that this  y cpr1

. . . "

approach should be effective in finding other target residue to a Py -
improve the affinity of scdsFv-HA22-LR. G26A 091+ 0,05 067

Position V|34 is a part of V,CDRI1 (L24-L34) as defined R ’
by Kabat et al. but not as defined by IMGT? and Chothia and F27A 101019 0.60
co-workers®** (Fig. 1). In the study of Chothia et al.”! V 34 is A28A 0.61+0.12 1.00
defined as a V| /V,, interface residue belonging to the common F29A 0.69 + 0.11 0.88
structural core. The modeling of the Fv showed that V| 34N of S30A ND ND
HA22-Fv is located at the V| /V , interface (Fig. 3). This model- 131A 0.67 +0.03 0.91
ing also predicted the possibility that V| 34N could form a hydro- Y32A ND ND
gen bond with V,100dV, which is located close to the putative D33A \D \D
antigen binding site (data not shown). Alanine cannot form this
hydrogen bond. It is possible that the elimination of this hydro- M34A 1342007 0.46
gen bond by the N34A mutation affects the properties of the S35A 0.63 +0.06 0.97
antigen binding pocket. Indeed, the elimination of the hydrogen ~ V,CDR1
bond by N34G also increased the activity of scdsFv-HA22-LR WT 0.61 +0.09 1.00
(Table 1). R24A 0.55 +0.08 111

Several studies have suggested that the interaction between Lo ey —— .
the V, and V| chain of an antibody affects its binding affin- 264 0.87 4018 070
ity to antigen. Ueda et al. developed the “Open-Sandwich Elisa” — :
method to quantify small molecules.*** This assay exploits the s 11701 0.52
mechanism in which the packing of V,/V | is strengthened upon D2 164+0.05 0.37
antigen binding. Hugo et al. focused on position L34 of anti- 129A 0.66 +0.04 0.92
bodies from the standpoint of predictive engineering of antibod- S30A 1.38+0.08 0.44
ies.” It is located at the V,/V | interface and therefore central to N31A 0.86 + 0.23 0.71
the. paratope, but vx.fith only limited contacts.with th? anFigen. Y32A 099 + 0.07 0.62
This suggests a possible general, but not esse'ntlgl, contrlbutlon to L334 0.6+ 0.16 0.9
paratope geometry, and consequently to binding affinity, mak-
ing L34 a general target for predictive engineering of antibodies. N34A 0.11£0.07 353
Indeed, Hugo et al. have succeeded in the affinity maturation ~ V.CDR1 Position 34
of two different antibodies by mutating the L34 residues of the WT 0.59 £ 0.06 1.00
molecules. N34G 0.26 +0.13 2.23

The relative activity of N34A mutant compared with WT N34A 0.12 +0.10 4.92
varied greatly among the cell lines tested. This is probably attrib- N34Q 0.40 + 0.07 1.48

1 iff f CD22 i he cell
utable to different numbers of C feceptor sites on the cells *Relative activity is calculated by IC, of WT/IC,  of mutant. ND, not done.
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Table 1. Specific cytotoxic activities of mutants in CDRs

WST (Raiji, IC, + Relative

SD (ng/ml)) activity*
N34E 11.02 £ 0.18 0.05
N34Y 6.63 £0.12 0.09
N34H 5.48 £0.05 0.1
N34S 0.63 £0.16 0.94

*Relative activity is calculated by IC, of WT/IC,  of mutant. ND, not done.

Figure 3. Ribbon model of position V34 of HA22-Fv. V 34 is buried and
located at the interface of V, and V,..

but could also be caused by different variants of CD22 that are
present on different cell types. Two different isoforms of CD22
have been described: CD228 is a full-length molecule with seven
extracellular domains and CD22a, which lacks extracellular
domains 3 and 4 because of alternative splicing.>>%” The epitope
mapping study of HA22 Fv suggested that the N-terminal region
of domain 3 and the C-terminal region of domain 4 of CD22 are
parts of the conformational epitope.*® Because domains 3 and 4
are missing in CD22a we expect that the binding of the HA22
Fv will be weak. Differences in the rate of internalization and
intracellular trafficking could also have caused the observed dif-
ferences in activity.

In summary, we generated a scdsFv version of HA22-LR that
may be more suitable for large scale production of clinical-grade
protein, and showed it has comparable activity to conventional
dsFv-HA22-LR. We also demonstrated that a rational approach,
which identifies functional paratopes by non-library based ala-
nine scanning can be a general method of affinity maturation of
antibodies. We improved the activity and the affinity of an anti-
CD22 immunotoxin HA22-LR by mutating the V,,/V | interface
residue in V, CDRI1. The mutant immunotoxin N34A showed
increased cytotoxicity to CD22-positive cell lines. These results
indicate that the N34A mutant immunotoxin merits further pre-
clinical development.

Materials and Methods

Construction and purification of immunotoxins. scdsFv were
PCR-amplified using mutagenesis primers and primers that
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Figure 4. Characterization of N34A mutant. (A) Affinities of WT scdsFv-
HA22-LR (circles and dotted line) and its N34A mutant (squares and
solid line) to CD22-positive Daudi cells. Affinities were measured by
FACS. Briefly, pre-fixed Daudi cells were incubated with immunotoxins
at 4°C overnight. Bound immunotoxins were detected with anti-LR-PE
mouse polyclonal antibodies and PE-labeled goat anti-mouse IgG. Anti-
mesothelin immunotoxin SS1P¢ (triangles and dotted line) was used as
a negative control. Mean fluorescence intensities are shown. Each assay
was performed in triplicate. Data are expressed as the mean + SD.

(B) Specific cytotoxic activities of WT scdsFv-HA22-LR (circles and dot-
ted line) and its N34A mutant (squares and solid line) on CD22-positive
cells. The cytotoxicity was measured by WST-8 in triplicate at least nine
times. Typical cytotoxic curves are shown. Data are expressed as the
mean * SD. We analyzed a total of 8 cell lines, and their IC,, concentra-
tions are shown in Table 2.

introduced Ndel and HindIII restrictions sites. The products
of the reaction were purified, digested with Ndel and HindIII
and cloned into a T7 expression vector in which the scdsFv was
fused to a truncated version of PE (LR-PE). The expression and
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Table 2. Specific cytotoxic activities of WT and N34A mutant of scdsFvHA22LR

on various cell lines

immunotoxin at which there was 50% cell

death (IC,)) was obrtained.

IC,;, + SD (ng/ml) Affinity measurement with FACS.

Cells Cell types** wT N34A Daudi cells (1 x 10°) pre-fixed with 2%
Raji* Burkitt Lymphoma 0.59 = 0.063 0.12£0.10 PFA were incubated with various con-
CA46* Burkitt Lymphoma 0.36 £ 0.065 0.10 +0.042 centrations of immunotoxins in blocking
Daudi Burkitt Lymphoma 0.54+0.26 0.11 £ 0,041 buffer containing 5% bovine serum albu-
Nalm-19% ALL 161025 0.56 +0.17 min plus 0.19 NaN3 in PBS in a 96-well
plate at 4°C overnight. Cells were washed

HAL-T* LS 2l Ul Lleriedtu two times with PBS and resuspended in
SUDHL-5* ABC DLBCL 1.45£0.15 0.43 £0.037 100 “‘1 blocking buffer containing 1 |‘L1 of
SUDHL-6* GCB DLBCL 0.47 £ 0.090 0.048 +0.018 mouse sera prepared against HA22-LR.
L55 NSCLC >1000 >1000 The mixture was incubated at 4°C for 30

*Significant difference (p < 0.05, in a non-parametric, 2-tailed t test) between the IC, values of
WT and N34A. **ALL, acute lymphoblastic leukemia; ABC, activated B-cell like; DLBCL, diffuse
large B-cell lymphoma; GCB, germinal center B-cell like; NSCLC, non-small cell lung carcinoma.

purification of immunotoxins was performed as described previ-
ously in reference 15.

Cell lines. CD22-positive human Burkitt lymphoma cell lines
(CA46, Daudi and Raji) were obtained from ATCC (catalog
#CCL-184, CCL-213 and CCL-86). Nalm-19 and HAL-1 ALL
cell line was obtained from Dr. Alan Wayne (National Cancer
Institute [NCI], Bethesda, MD). SUDHL-5 (ABC-DLBCL)
and SUDHL-6 (GCB-DLBCL) were obtained from Dr. Louis
M. Staudt (NCI, Bethesda, MD). All cell lines were grown at
37°C with 5% CO, in RPMI 1640 medium supplemented with
10% fetal bovine serum, 2 mM L-glutamine, 1 mM of sodium
pyruvate, 100 U/ml penicillin and 100 wg/ml streptomycin
(Invitrogen, catalog #15140163).

Cytotoxic activities. Survival of cells treated with immuno-
toxins was measured by WST-8 assay using the Cell Counting
Kit-8 (Dojindo Molecular Technologies, catalog #341-07761)
essentially as described in reference 39 and 40. Briefly, 107 cells/
well were incubated with various concentrations of immunotoxin
in a 96-well plate for 72 h, after which 25 pL of the CCK-8
reagent was added to the wells. Plates were incubated until the
wells with the maximum absorbance at 450 nm reached over
values of approximately 1 optical density. Cycloheximide (10
pwg/mL final concentration) was used as a control for 100% cell
death. Values were normalized between the cycloheximide and
phosphate buffered saline (PBS) controls and concentration of

min and then washed twice with PBS.
Cells were resuspended in 100 pl block-
ing buffer containing 1 wl of PE-labeled
goat anti-mouse IgG (Jackson Immuno
Research, catalog #115-295-003), and
cells were incubated for 30 min at 4°C. Cells were washed
two times, and analysis was performed in a Guava Easy cyto
PLUS (Millipore, catalog #0500-1980). Affinity measurements
were performed with flow cytometry following the protocols
described previously in references 41 and 42, except that in this
study Daudi cells and monomeric immunotoxins instead of
the whole antibody or scFv molecules were used. Equilibrium
constants and Scatchard plots were determined by using the
Marquardt-Levenberg algorithm for nonlinear regression with
the GraphPad Prism (version 2.00; GraphPad Software, San
Diego, CA) program.

Statistics. Mann-Whitney nonparametric method was used:
p < 0.05 was considered statistically significant.
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