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Key points

Key points:

Using gene editing, we engineered human plasma cells that secrete functional

bispecifics to target leukemia cells expressing CD19 or CD33

Engineered plasma cells secreting bispecifics suppress patient-derived leukemia in

immunodeficient mice
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Abstract

Bispecific antibodies are an important tool for the management and treatment of acute
leukemias. Advances in genome-engineering have enabled the generation of human plasma
cells that secrete therapeutic proteins and are capable of long-term in vivo engraftment in
humanized mouse models. As a next step towards clinical translation of engineered plasma
cells (ePCs) towards cancer therapy, here we describe approaches for the expression and
secretion of bispecific antibodies by human plasma cells. We show that human ePCs
expressing either fragment crystallizable domain deficient anti-CD19 x anti-CD3 (blinatumomab)
or anti-CD33 x anti-CD3 bispecific antibodies mediate T cell activation and direct T cell killing of
specific primary human cell subsets and B-acute lymphoblastic leukemia or acute myeloid
leukemia cell lines in vitro. We demonstrate that knockout of the self-expressed antigen, CD19,
boosts anti-CD19 bispecific secretion by ePCs and prevents self-targeting. Further, anti-CD19
bispecific-ePCs elicited tumor eradication in vivo following local delivery in flank-implanted Raji
lymphoma cells. Finally, immunodeficient mice engrafted with anti-CD19 bispecific-ePCs and
autologous T cells potently prevented in vivo growth of CD19* acute lymphoblastic leukemia in
patient-derived xenografts. Collectively, these findings support further development of ePCs for
use as a durable, local delivery system for the treatment of acute leukemias, and potentially

other cancers.
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Introduction

Immunotherapies that recruit cytotoxic T cells to kill cancer cells, such as bispecific
antibodies, have played a significant role in the improved survival rates for patients with B-cell
acute lymphoblastic leukemia (B-ALL)*. Blinatumomab is an anti-CD19 x anti-CD3 non-
immunoglobulin G -like bispecific antibody (non-1gG-like bispecific; also called a bispecific T cell
engager, BITE™) that received FDA approval in 2014 for the treatment of patients with
relapsed/refractory B-ALL #°. Blinatumomab is now used in multiple B-ALL settings, including
frontline therapy, as a bridge to transplantation, consolidation therapy, and as a low toxicity
alternative to chemotherapy regimens®. A limitation of Blinotumamab’ and other non-lgG-like
bispecifics®? is that these molecules lack fragment crystallizable domains and have short half-
lives, which necessitate continuous high dose intravenous infusions. Moreover, this intensive
regimen can be challenging for patients, especially those with limited hospital access'®!t. A
range of methods have been utilized in an attempt to extend biologic half-life of non-IgG-like
bispecifics?, including conjugation with small molecules, fragment crystallizable domains, or
albumin binding motifs. However, it remains unclear whether these fusion molecules will be
effective, lack immunogenicity, and/or overcome the need for multiple continuous high-dose
infusions.

We, and others, have explored using engineered plasma cells (ePCs) as a long-term
biologic drug delivery platform**-1¢, Engineered B cell populations have been investigated in

proof-of-concept studies to deliver biologic drugs to treat protein deficiency diseases®®'’, viral

infections!®22, and cancer!>?. Based on these observations, we predicted that adoptive transfer

of bispecific expressing ePC might mitigate challenges related to both bispecific half-life and
high dose systemic toxicity. Plasma cells are uniquely suited to deliver biologics over long
periods due to their long lifespan?* (half-life is estimated to be 11 to 200 years?), and high

secretory capacity (up to 10,000 IgG molecules per second?¢-28), Furthermore, ex-vivo
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generated ePCs resemble endogenous plasma cells, and can stably secrete therapeutically
relevant levels of immunoglobulin for greater than one year in hiL6-humanized mice'*. Because
PCs?%30 and ePCs'* preferentially localize to bone marrow and other tissue microenvironments
where progenitor B-ALL cells reside®!, we predicted that ePCs could harmonize with local
bispecific delivery to induce potent anti-leukemia activity.

In this study, we describe a homology-directed repair strategy (HDR) based gene editing
strategy for the generation of ePC that produce large quantities of anti-CD19 x anti-CD3 or anti-
CD33 x anti-CD3 non-lgG-like bispecifics to target B-ALL or acute myeloid leukemia (AML),
respectively. Our combined findings demonstrate that ePCs secreting bispecifics can promote
T-cell driven killing of primary human cells, human leukemic cell lines in vitro, and patient-
derived B-ALL xenografts in vivo. Based upon our preclinical results, we propose that ePC
strategies could be translated to the clinic for evaluation of bispecific delivery to patients with
acute leukemias, and other scenarios where half-life is limiting or local delivery could reduce on-

target adverse effects.
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g2 Methods

85 B cell culturing and PC differentiation

86  We isolated B cells from healthy human donors’ PBMCs (Fred Hutchinson Cancer Research

87  Center) using the EasySep Human B cell enrichment kit (Stem Cell Technologies). We obtained

88  >95% purity for B cells defined by CD3 negativity and CD19 positivity. Isolated B cells were

89  cultured in Iscove’s modified Dulbecco’s medium (Gibco), supplemented with 2-

90 mercaptoethanol (55uM) and 10% FBS. For Figure 1, cells were cultured for seven days as

91 described in Hung et al*®. For experiments in Figure 2-6 cells were cultured as described in

92  Cheng et al®2. Cell concentrations were kept between 5-15x10° live cells per ml. Cells for in vivo

93 experiments were purified via CD3 bead depletion column (Miltenyi) prior to injection.

94

95 AAV6 HDR CRISPR Cas9 Engineering of B cells

96  Clustered regularly interspaced short palindromic repeats (CRISPR) RNAs (crRNASs) targeting

97 the CCRS5, JCHAIN, IgG1, Ep*®, and CD19 (sequences in Table S1) were identified using the

98 Broad Institute GPP sgRNA Designer (http://portals.broadinstitute.org/gpp/public/analysis-

99  tools/sgrna-design) and synthesized (IDT) containing phosphorothioate linkages and 2'O-methyl
100  modifications. crRNA and trans-activating crRNA (tracrRNA,; IDT) single guide hybrids were
101  mixed with 3uM Cas9 nuclease (Berkeley Labs) at a 1.2:1 ratio and delivered to cells by Lonza
102 3D (CA-137) or Maxcyte GTX (B cell 3) electroporation. After electroporation, cells were
103 transferred into the activation medium (1.5x10°cells/mL) in the presence of adeno-associated
104  virus 6 (AAV6) vectors carrying homologous DNA repair templates (20% AAV by volume or viral
105 copy of 1x10* per cell, Figure 1E schema). The medium was changed 24 hours following AAV6
106  administration. AAV6 vectors were produced as previously described® or manufactured by

107 Sirion Biotech.
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108 In vitro ePC-mediated killing assays (K562, PBMC, leukemia cell line, and self-killing

109 assays)

110  For the K562 killing assay, K562 cells were obtained from ATCC and lentivirally transduced to
111  express either CD19 linked in cis to green fluorescent protein (GFP) (referred to as target cells)
112  via self-cleaving P2A or BCMA linked in cis to BFP (referred to as control cells) and purified by
113 flow cytometry assisted sorting. 5x10°2 target cells, 5x10° control cells and 5x10* CD8* T cells
114  were incubated with either various dilutions of supernatants from genome-engineered cells or
115 media containing various concentrations of recombinant anti-CD19 x anti-CD3 bispecific

116  (Invivogen, bimab-hcd19cd3) for 48 hours (Figure 1F-H& 3G-I). For the peripheral blood

117  mononuclear cell (PBMC) killing assay, 2x10° PBMCs and 4x10* autologous CD8* T cells were
118 incubated with either supernatants from engineered PCs or media containing recombinant anti-
119 CD19 x anti-CD3 bispecific (Invivogen, bimab-hcd19cd3) or anti-CD33 x anti-CD3 bispecific
120  (AMG 330) for 48 hours (Figure 2H-K). For leukemia cell line killing assay 5x10% NALM-6 cells,
121  5e3 MOLM-14 cells and 5x10* CD8* were incubated with either supernatants from engineered
122  PCs or media containing recombinant bispecifics (Figure 2D-F). For the self-killing assay, 2x10°
123 genome-engineered B cells were incubated with autologous T cells at various effector to target
124  ratios and cultured for 24 hours (Figure 3BE-F). Each assay was performed in 200uL in

125  duplicate in 96 wells with RPMI-1640 supplemented with 10% FBS as the base media at 37°C
126 and 5% CO.. At the end of each assay, cells from duplicate wells were pooled, washed with
127  PBS, stained according to Table S2, and analyzed by flow cytometry.

128

129 In vivo assessment of ePCs against human B-cell malignancies

130 All animal studies were performed according to AAALAC standards and were approved by the
131  Seattle Children’s Research Institute (SCRI) Institutional Animal Care and Use Committee.

132 NOD.Cg-Prkdcs® [12rg™"™/SzJ-c (NSG) mice were purchased from Jackson Laboratory and all
133  mice were kept in a designated pathogen-free facility at SCRI. For the subcutaneous lymphoma
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134 flank model (Figure 4A-C), 2.5x10° ePCs, 5x10* autologous T cells, and 2.5x10* luciferase

135 transduced Raji cells (human Burkitt lymphoma cell line) were delivered subcutaneously to the
136 right flank. For the disseminated leukemia experiments (Figure 5 and Figure 6), 2.5x10°-15x10°
137  GFP or bispecific-ePCs were injected intravenously into NSG. The following day (Figure 5), or
138 the two days prior (Figure 6), mice received 1x10° luciferase expressing B-ALL cells

139 intravenously (model NL482B [Children’s Oncology Group unique specimen identifier PALJDL]).
140  For Figure 5, the following day and three days later mice received 1x10° or 1x108 T cells

141  administered retro-orbitally. For Figure 6, 2.5x10° T cells were injected retro-orbitally the day
142  following ePC engraftment, Tumor burden was monitored by bioluminescence imaging using
143 VIS Lumina S5 (Perkin Elmer) following subcutaneous injection of luciferin (75-150 mg/kg).
144  Peripheral blood was collected via submandibular bleed and processed to collect sera and

145  quantify human T cell numbers. Mice were euthanized for harvesting of bone marrow and

146  spleens that were processed via erythrocyte lysis (ACK lysis) and then immunophenotyped by
147  flow cytometry to quantify human leukemia cell and plasma cell numbers (Table S2).

148

149  Statistical analysis

150 Statistical analyses using parametric tests were performed using Prism 7 (GraphPad, San

151 Diego, CA) as described in figure legends.

152

153 Data sharing statement

154  For original data, reagents and protocols please contact Richard.James@seattlechildrens.org.

155 Supplementary methods made available online
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156 Results

157  Primary human B cells engineered by HDR-based gene editing secrete functional

158 bispecifics

159 To integrate a bispecific gene expression cassette into B cells, we adapted AAV-based
160 HDR that we have used for delivery of transgenes in B cells at the safe harbor gene CCR5%,
161  We designed CCR5-targeted HDR templates for delivery of Blue Fluorescent Protein (BFP)

162  alone (as control) or an anti-CD19 x anti-CD3 bispecific cis-linked with GFP (heretofore referred
163 to as a aCD19). We initiated gene editing by transfecting the activated human peripheral B cells
164  with Cas9 ribonucleoprotein complexes (RNPs) containing guide RNAs targeting sequence

165  within CCR5, and subsequently transduced with rAAV6 HDR donor vector (Figure 1A & S1A).
166  We found that HDR integration rates were slightly lower with the vectors containing the aCD19
167  bispecifics when evaluated by digital droplet PCR (ddPCR; Figure S1B Figure 1B). However,
168  despite similar integration rates the proportion of cells expressing the fluorescent reporter was
169  substantially diminished in cells edited using the bispecific design, resulting in a significant drop

170 in the ratio of fluorescent reporter marking to integration rate (Figure 1C-D).

171 We hypothesized that aCD19 bispecific expression could be increased by targeting

172  transgene integration to loci that are natively expressed in B cells or plasma cells. Therefore, we
173  built three additional AAV-based repair template designs for delivery of transgene cassettes to
174  the highly expressed B cell loci IGHG1, JCHAIN, and a region proximal to an heavy chain

175  enhancer, Ep*8 (repair arms and sgRNA were previously described in 8; overall schematic for
176  all vectors, Figure 1E). Although the same ubiquitous viral-derived promoter (MND*) was used
177  atall loci, we observed variable increases in GFP* percentage and GFP mean fluorescent

178 intensity in B cells following delivery to the antibody-associated loci, relative to that at CCR5
179  (Figure S1C-D). While integration was detected at all loci, we observed significant increases in
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180 the mean fluorescent intensity of the cis-linked GFP at the antibody loci relative to CCR5 (Figure

181 1F-G).

182 To initially assess the functionality of the B cell-produced aCD19 bispecific, we

183  developed a fluorescent reporter-based in vitro killing assay using a K562 cell line that stably
184  expresses CD19, a reference K562 cell line, CD8+ T cells incubated with either recombinant
185 aCD19 bispecific or with supernatants from engineered cells (Figure H). After 48 hours, flow
186  cytometry was used to quantify T cell activation (percent CD69*CD137") and specific lysis of
187 CD19* target cells (Figure S2A). Recombinant aCD19 bispecific elicited dose and time-

188 dependentincreases in T cell activation and CD19-specific lysis (Figure S2B-C). Supernatants
189 from B cells engineered to express the aCD19 bispecific induced T cell activation and specific
190 lysis, whereas supernatants from GFP-engineered B cells did not (Figure 11-J). We generated
191 standard curves using recombinant bispecific T cell activation data to quantify the aCD19

192  bispecific concentrations in the supernatants derived from engineered B cells (Figure 1K).

193 These findings indicate that primary human B cells can be engineered at various loci to express

194  and secrete a functional aCD19 bispecific.

195 Bispecific-ePCs exhibit in vitro activity against common leukemia target antigens

196 We next asked whether ex vivo-differentiated human ePCs could produce bispecifics
197 that specifically target primary human hematopoietic cells expressing physiological levels of
198 candidate leukemia antigens (including CD19 or CD33) within a heterogeneous cell population.
199  We built an Ep locus-directed bispecific vector for delivery of an anti-CD33 x anti-CD3 bispecific
200 (heretofore referred to as a aCD33 bispecific; Figure 2A)8. We introduced each Eu locus-

201  directed bispecific or GFP alone control into B cells using HDR-based editing and differentiated
202 the edited population into ePCs as previously described (Figure S1A).1332 Following editing and

203  differentiation, we observed detectable transgene expression with all vectors and donors (Figure
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204  2B-C). Although we observed donor-dependent differences in relative expression of the plasma
205 cell differentiation markers CD38 and CD138, introduction of the bispecifics did not impact
206  differentiation into plasma cells (defined as CD38"" CD138*; Figure S3A-C), demonstrating that

207  human plasma cells can be engineered to express bispecifics.

208 To investigate the functionality of bispecifics secreted by the ePCs to target

209 physiological levels of antigen, we evaluated aCD19 and aCD33 ePC supernatants using two
210 assays of heterologous cell populations. First, we applied recombinant bispecific to a PBMC
211  killing assay wherein effector CD8" T cells were co-cultured with autologous PBMCs that

212  contained B cell and myeloid cell subpopulations expressing endogenous levels of CD19 and
213  CD33 respectively (Figure 2D). As expected, recombinant aCD19 bispecific elicited a dose-
214  dependent decrease in IgM* B cells (Figure S4B), whereas recombinant aCD33 bispecific

215 elicited a dose-dependent decrease in CD14* CD33* monocytes (Figure S4B). Supernatants
216  from both aCD19- and aCD33-ePCs elicited higher T cell activation relative to that from control
217  GFP-ePCs (Figure 2E). Furthermore, supernatants from aCD19-ePCs specifically lysed IgM* B
218  cells (Figure 2F), while supernatants from aCD33-ePCs specifically lysed CD33* CD14"*

219 monocytes (Figure 2G). Secondly, we evaluated ePC supernatants in a leukemia cell line killing
220  assay wherein a CD19" precursor B-ALL cell line (NALM-6), a CD33" AML cell line (MOLM-14)
221 and CD8" effector T cells were co-cultured for 48 hours (Figure 2D). Increasing concentrations
222  of recombinant aCD19 bispecific led to increased lysis of NALM-6 cells whereas increasing

223  concentrations of recombinant aCD33 bispecific led to increased lysis of MOLM-14 cells (Figure
224  S5A-B). T cells showed upregulation of activation markers CD69* and CD137* when cultured
225  with supernatants from ePCs producing either bispecific relative to supernatants from control
226  GFP-ePCs (Figure 2H). Supernatants from aCD19- ePCs specifically lysed NALM-6 cells

227  (Figure 2I), whereas supernatants from aCD33- ePCs cells specifically lysed MOLM-14 cells

228  (Figure 2J). Together, these data show that ePCs secreting aCD19 or aCD33 bispecifics elicit
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229  specific T cell killing of PBMC subsets or leukemia cell lines expressing physiological levels of

230 CD19 or CD33 respectively.

231
232 CD19%% ePCs are protected from self-targeting and exhibit increased aCD19 bispecific

233 secretion

234 CAR T cells engineered to recognize T-cell antigens can kill other CAR T cells within the
235 same cell product, resulting in diminished anticancer activity***. We hypothesized that upon T
236  cell encounter, aCD19-ePCs could similarly elicit self-targeting (ie fratricide) due to their surface
237  CD19 expression (Figure S6). To evaluate the degree of self-targeting, we incubated Ep locus-
238 directed GFP-ePCs or aCD19-ePCs with autologous T cells (Figure 3A). Addition of autologous
239 T cells lead to a progressive decline in the proportion of aCD19-ePCs but not GFP-ePCs

240  (Figure 3B; gating Figure S7), implying that CD19 self-targeting likely impacts aCD19-secreting
241  ePCs. Based on these observations, we predicted that elimination of CD19 would prevent

242  aCD19 bispecific-elicited self-targeting.

243 To knockout CD19, we co-delivered RNPs targeting CD19 with the Ep locus-directed
244 aCD19 bispecific editing reagents. The addition of the CD19-targeting RNPs resulted in >85%
245  reduction in the proportion of CD19* PCs (Figure 3C-D). CD19 knockout did not overtly impact
246  differentiation of edited B cells into plasmablasts or PCs in vitro (Figure S8C). Upon challenging
247  these CD19 knockout aCD19-ePCs with T cells, we observed no differences in GFP percentage
248  with increased starting T cell numbers (Figure 3E). When comparing CD19%° to CD19", only
249 CD19" aCD19-ePCs exhibited a significant decrease in edited cells at the highest T cell dose
250  (Figure 3F). These data suggest that CD19 knockout protects aCD19-ePCs from self-targeted

251 death.
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252 An additional challenge with CD19 surface expression is that the aCD19 bispecific

253  produced from ePCs may bind to surface CD19 and limit the quantity that is released by the
254  cells. Therefore, we predicted that knocking out CD19 would increase the level of aCD19

255  bispecific in supernatants. To assess free bispecific in the context of knocking out CD19,

256  supernatants from aCD19 ePCs (co-engineered with or without CD19 RNPs) were assessed
257  using the K562 killing assay (Figure 1E). Supernatants from CD19%° aCD19-ePCs resulted in
258  higher T cell activation, and higher aCD19 bispecific concentrations and a trend towards higher
259  specific lysis when compared to CD19" aCD19-ePCs (Figure 3G-I). Collectively these findings
260 indicate that knocking out CD19 prevents self-targeting by T cells and boosts aCD19 bispecific

261 levels.

262 Similar strategies could be employed for ePCs expressing biologics targeting additional
263 B cell surface proteins. We individually knocked out the B cell surface markers CD19, MS4A1
264  (CD20), CD38 and TNFRSF17 (BCMA) to assess our ability to generate ePCs lacking these
265 markers. Knock outs were confirmed by Inference of CRISPR Editing and by staining for surface
266  expression (Supplemental 9A,C-D). None of the knockouts impacted cell expansion, viability,
267  differentiation, or antibody secretion (Supplemental 9B-E). These data suggest that ePCs can
268 be made that lack B cell associated antigens currently targeted in the clinic.

269

270 aCD19 bispecific ePCs exhibit anti-tumor activity in vivo

271 To begin to test whether bispecific-secreting ePCs maintained function in vivo, we used
272  asubcutaneous flank model of B cell lymphoma wherein luciferase-expressing lymphoma target
273 cells, autologous T cells and ePCs were co-delivered to the flanks of immune deficient mice

274  (Figure 4A). The lymphoma cells engrafted similarly in all groups (day 1 time point, Figure 4C-
275 D). However, at later time points, tumor burden decreased in mice that received aCD19-ePCs

276  relative to mice that received control GFP-ePCs (Figure 4B-D). In the aCD19-ePCs group,
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277  reductions in tumor size were below background luminescence levels in >50% of the mice
278  within 5 days (Figure 4B-D). These findings demonstrate that aCD19-ePCs can promote robust

279  local anti-tumor responses in vivo.

280 In some clinical settings, non-lgG-like aCD19 bispecifics are used to treat high-risk B-
281  ALL patients as a bridge to hematopoietic stem cell transplantation.®*=*! To potentially mimic this
282  clinical scenario, we utilized a patient-derived, Philadelphia chromosome (PH)-like B-ALL

283  xenograft model wherein CD19%° GFP or aCD19-ePCs were adoptively transferred into

284  immunodeficient mice and subsequently followed 1 day later with intravenous transfer of

285 luciferase expressing PH-like B-ALL cells (NL482B; IL7R gain—of-function, SH2B3 deletion).4243
286  Effector T cells syngeneic with the ePCs were transferred retro-orbitally at 1 and 3 days after
287  the B-ALL engraftment (Figure 5A). Control mice that received leukemia cells showed a steady
288 increase in luciferase activity over time(Figure 5B-C). In contrast to control animals, mice that
289  received aCD19-ePCs showed near complete leukemia control (Figure 5B-D). Consistent with
290 these findings, the frequency of human T cells in the peripheral blood of the aCD19-ePC treated
291  group trended higher, which is consistent with bispecific-driven T cell expansion in vivo (Figure
292  5E). Most importantly, the proportion of CD19* leukemia cells was markedly reduced in both the
293  spleen and bone marrow in the aCD19-ePC treated cohort upon sacrifice at 34 days post-

294  leukemia cell transfer (Figure 5F). These findings demonstrate that bispecific-ePCs can limit in

295  vivo growth and dissemination of a patient-derived leukemia in a B-ALL xenograft model.

296 Next, we tested the therapeutic potential of ePCs to treat established leukemia. Briefly,
297  immunodeficient mice were intravenously engrafted with luciferase expressing PH-like B-ALL.
298  After tumors were detectable by luciferase, CD19° GFP or aCD19-ePCs, and syngeneic T
299 cells were adoptively transferred (Figure 6A). In contrast to control animals which exhibited
300 increases in luciferase, mice that received aCD19-ePCs exhibited leukemia control (Figure 6B-

301 D), exemplified by a slight decrease in luminescence between day 3 and day 8 post tumor
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302 engraftment (Figure 6C). Almost no leukemic cells were detectable in the bone marrow of the
303 aCD19-ePC treated mice (Figure 6H). Upon quantifying bispecific levels in sera, we found that
304  mice that received aCD19-ePCs had detectable signals in the T cell activation assay (Figure
305 6E). Furthermore, the concentration of bispecific in the sera of aCD19-ePCs remained stable
306 between days 12 and 20 (Figure 6F). Consistent with a stable source of bispecific, aCD19-ePCs
307 plasma cells that expressed the cis-linked GFP reporter could be detected in the bone marrow
308 of mice 18 days after receiving aCD19-ePCs, but not in control mice that did not receive ePCs
309 (Figure 6H-I). Together these findings suggest that aCD19-ePCs stably engraft in the bone

310 marrow where they secrete aCD19 bispecific at detectable levels that are sufficient to mediate

311 and maintain leukemia clearance in vivo.

312 Discussion

313 Engineered plasma cells comprise an emerging cell-based modality for high-level,

314  sustained delivery of therapeutic proteins; herein, we report the novel use of ePCs to produce
315  bispecific therapeutics. Using HDR-based editing, expression of two alternative clinical

316  bispecifics, aCD19 and aCD33, was achieved across a range of candidate loci actively

317  expressed in primary human B cells and PCs (Figure 1). B cells engineered to express

318  bispecifics could be differentiated into PCs that mediated specific killing of primary human cells
319 and leukemia cell lines expressing CD19 or CD33, respectively (Figure 2). Further, knockout of
320 the target antigen, CD19, led to a significant increase in functional aCD19 bispecific

321  concentrations and prevented ePC self-targeting (Figure3). Finally, we show that aCD19 ePCs
322  were capable of directing a T cell dependent anti-leukemia response against a locally engrafted
323 cell line and, most notably, controlling the expansion of patient-derived leukemia xenograft,

324  partially mimicking bispecific treatment in patients with high-risk B-ALL (Figure 4-6).
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325 Persistent on-target off-tumor toxicity to normal bystander B cells is common in patients
326  that respond to CD19-targeted chimeric antigen receptor (CAR) T cell therapy.**¢ Similarly,
327  ePC therapies targeting lymphoid malignancies have the potential to cause B cell aplasia,

328 hypogammaglobulinemia and long-term dysfunction of the immune system. These treatment
329 related sequelae may last beyond the desired treatment window given that the ePCs persisted
330 for at leasts 18 days and that the phenotype of bispecific ePCs-engineered cells described in
331  this study (CD38** CD138") resembles the phenotype of long-lived PCs isolated from human
332  bone marrow*’. ePCs engineered using similar methods can persist in humanized mice >1
333  year'. Antibiotics, intravenous immunoglobulin replacement therapy as well as vaccinations
334 effectively manage hypogammaglobulinemia and recurrent infections seen in CD19-CAR

335 treated patients*®°, and may be effective for patients treated with aCD19 ePCs. To further
336  mitigate on-target/off-tumor toxicity, ePCs could be engineered with a kill switch such as the

337 clinically validated inducible caspase®-°2 suicide gene system.

338 A potential barrier for use of ePCs for treatment of leukemia, and possibly other

339 lymphoid malignancies, is that ePCs'#>18 retain expression of surface markers targeted by
340 many biologics (eg. CD19, CD20, CD38, and BCMA), which could result in self-targeting of the
341  ePC. Consistent with this concept, we demonstrate that aCD19-ePCs express endogenous
342  surface CD19 and are self-targeted in the presence of T cells. This phenomenon parallels

343  similar findings in chimeric antigen receptor T cells engineered to target T cell-associated

344  antigens (ie fratricide)>*®°. As CD19 is not critical for PC function*+°¢, and is downregulated in
345  long-lived PCs*:5657 our engineering strategy for dual CD19 knockout and expression of

346  aCD19 at Ep locus is unlikely to impact the ePC function or longevity. An alternative strategy to
347  also achieve this goal would be to engineer only at the CD19 locus. Our data suggest that ePCs
348 could be engineered to utilize a range of candidate bispecifics or monoclonal antibody-based

349 therapeutics targeting B cell expressed tumor targets. Like CD19, knockout or depletion of the
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350 lymphoma and myeloma targets MS4A1 (also known as CD20)%-%!, and CD38%% in plasma
351 cells does not acutely impact durable antibody titers, a corollary of their longevity and secretory
352  capacity. Knockouts of MS4A1 and CD38 did not impair our ability to generate ePCs. Thus, our
353 findings imply that similar strategies could be used to generate ePCs expressing biologics in
354  use for chronic lymphocytic lymphoma (CD20; glofitamab®), non-Hodgkin’s lymphomas (CD20;
355  rituximab®, odronextamab®, mosunetuzumab®’) and multiple myeloma (CD38; daratumomab®8,
356  Bi38%). In contrast, knockout of TNFRSF17 (also known as BCMA) in mice decreases PC

357 survival and eliminates the antibody response’®; hence, knockout of TNFRSF17 would likely

358 hamper ePC longevity and/or function.

359 Our findings suggest that ePCs may provide benefits for delivery of protein therapeutics
360 beyond delivery of bispecifics as studied here. Therapeutic protein biologics were the second
361 most approved drugs from 2009 to 20177t and many suffer from suboptimal half-lives

362 exemplified by blinatumomab’. Because of poor pharmacokinetics, many biologics used in

363  chronic diseases require frequent (up to daily) and, in some cases, life-long dosing. Examples,
364 include treatments for enzyme replacement (agalsidase beta; half-life of 56 to 76 minutes’?,
365 factor IX; 18 to 40 hours™, laronidase; 1.5 to 3.6 hours’™), chronic autoimmune disorders

366 (infliximab; 9.5 days’ etanercept; 80 hours™), diabetes (liraglutide; 13 hours’”) and human

367 immunodeficiency virus (enfuvirtide 3.4 hours’®). The potential for ePCs to persist long term**
368 and produce robust levels of exogenous protein could be a key to unlocking the therapeutic
369  potential of biologics or therapeutic peptides that lack efficacy due to poor pharmacokinetics.
370 In summary, these findings demonstrate the potential for human ePCs to mediate anti-
371 leukemia responses and marks a key step in the realization of ePC as therapies to treat cancer,
372  auto-immune disorders and protein deficiency disorders. Further studies in humanized mice and
373 non-human primates are warranted to fully understand the activity, longevity, and tissue

374 localization of ePCs.
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598 Figure 1: Genome engineered primary human B cells secrete functional aCD19-bispecific
599 in alocus dependent manner

600 A) Schematic showing the experimental flow of a primary B cell experiment. Briefly, after

601 isolation from PBMCs, B cells were edited to express either BFP or aCD19.T2A.GFP

602 transgenes at CCRS5 genetic loci via HDR-gene editing with AAV6 delivered DNA repair

603 templates. Five days later genomic DNA, cells and supernatants were analyzed as indicated. B)
604  Transgene integration at CCR5 locus shown here as HDR allele frequency was measured by
605 ddPCR. C) Representative flow cytometry plots showing transgene expression of fluorescent
606 proteins in engineered B cells shown and quantified as % edited of live cells. D) Ratio of

607  engineering rate as determined by ddPCR vs flow cytometry. E) Schematic showing the editing
608  strategies for delivery of GFP or aCD19.T2A.GFP to antibody-associated loci. F) Representative
609 flow cytometry plots of aCD19.T2A.GFP edited B cells with G) the quantification of % edited and
610 GFP mean fluorescent intensity of edited cells. H) K562 killing assay schema. Supernatants
611 from edited B cells were incubated with target (CD19%) and control (CD19°) K562 cells with

612 CD8' T cells for 48 hours. Cells were harvested for flow cytometry to obtain 1) specific lysis of
613 CD19" K562 and J) T cell activation (%CD69*CD137* of CD3" cells). K) The concentration of
614  Dbispecific in the supernatants as interpolated from %T cell activated data. Data are from five
615 donors in five independent experiments. Error bars represent SEM. P values calculated using
616 D) a paired student's t test and G,I-K) paired one-way ANOVAs with Dunnett’s posttest.

617 lllustrations were created in part with biorender.com.

618
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621 Figure 2: Human plasma cells engineered to secrete anti-leukemia bispecifics specifically
622 target cells expressing physiological levels of antigen

623  Primary human B cells were isolated and cultured for two days in activating media then edited.
624  A) Schematic showing how primary activated human B cells were edited to express GFP or

625 aCD19.T2A.GFP or aCD33.T2A.GFP. After editing activated B cells, the engineered cells were
626  then cultured in expansionary media for 5 days followed by differentiation into PCs over 3 days
627 and cells and supernatants. B) Representative flow cytometry plots assessing editing via

628 expression of GFP and C) quantification as % of live cells. D) Schematic illustrating in vitro

629 PBMC or Leukemia cell line killing assays. Briefly, autologous CD8" T cells are co-cultured with
630 PBMCs or mixed leukemia cell populations (NALM-6 and MOLM-14) in the presence of

631  supernatants from ePCs for 48 hours. Flow cytometry was used to quantify E) T cell activation
632 (%CD69°CD137* of CD3* cells), F) the % B cells (IgM*) of live cells, G) the % monocytes

633 (CD14*CD33") of live cells in PBMC cultures at the end of the 48-hour co-culture. Likewise flow
634  cytometry was used to quantify H) T cell activation (%CD69*,CD137* of CD8" cells), the

635 frequency of I) NAML-6 (CD19%) and J) MOLM-14 (CD33*) in the leukemia cell line killing assay.
636 In E-G, data were obtained from six donors in three independent experiments, and in H-J, data
637  were obtained from four donors. Error bars represent SEM. P-values were calculated using

638  paired one-way ANOVAs with Dunnett’s posttest. lllustrations were created in part with

639 biorender.com.
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Figure 3: CD19 knockout prevents self-targeting of aCD19- ePCs and increases aCD19-
bispecific secretion

A) Schematic showing the self-targeting assay of ePCs with and without CD19 knockout.
Primary human B cells were engineered to express either GFP or aCD19.T2A.GFP at the Ep
locus, and/or to eliminate CD19. These engineered cells were incubated with the indicated
ratios of autologous T cells. B) After 24 hours, flow cytometry was used to calculate the
percentage of GFP* of live CD20" B cells. The relative quantity of transgene-expressing cells
was plotted. sgRNAs targeting CD19 were included to elicit knock out CD19 while engineering
into the Ep. Representative flow cytometry images C) and quantification D) of CD19 expression
in engineered cells is shown. E) CD19K® cells were incubated with the indicated ratios of T cells
for 24 hours. After incubation of edited cells with T cells, we used flow cytometry to quantify the
% GFP* of CD20* cells. F) Combined data showing the GFP percentage following incubation of
edited cells with T cells at a nine:one ratio. G-1) Engineered B cells were further differentiated
over 3 days into ePCs. Supernatants from CD19%° and WT aCD19 ePCs were incubated with T
cells, K562 CD19* and K562 CD19 cells for 48 hours. G) Specific lysis of CD19* K562 and H) T
cell activation (%CD69*CD137* of CD3* cells) was quantified. 1) aCD19 bispecific concentration
was interpolated using recombinant aCD19 bispecific standards curves. These data are from
four donors. Error bars represent SEM. P-values were calculated by paired one-way ANOVA
with Dunnett’s posttest (F) and paired student’s T test (G-I). lllustrations created in part with

biorender.com.
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662

663  Figure 4: CD19X° PCs engineered to secrete aCD19 bispecific have anti-lymphoma

664  efficacy in vivo

665 A) Schematic showing an in vivo model for lymphoma growth. Briefly, GFP.CD19%° or

666 aCD19.GFP.CD19X° ePCs, autologous T cells, and luciferase expressing Raji cells were

667 injected subcutaneously into the right flank of immunodeficient NSG mice. B) Representative
668  bioluminescence images were obtained via in vivo imaging (color scale; min:8x10® max:1x105).
669 C) Bioluminescence was quantified from each mouse as total flux and graphed over time. D)
670  Area under the curve analysis was conducted with baseline correction of 6x10° flux. A-D) Data
671 across 4 donors in two independent experiments with p-value calculated by unpaired student's t

672 test. lllustrations created in part with biorender.com.
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Figure 5: CD19X° PCs engineered to secrete aCD19 bispecific can prevent leukemia
engraftment

A) Schematic showing prophylactic treatment of a patient-derived xenograft model of high-risk
ALL. Either GFP.CD19%° or aCD19.GFP.CD19%° ePCs were injected intravenously into
immunodeficient NSG mice. 24 hours later, luciferase-labeled patient-derived NL482B
[Children’s Oncology Group unique specimen identifier PALJDL] cells were administered.
Finally, we delivered T cells syngeneic to the ePCs in two doses by retro-orbital injection. B)
Bioluminescent images showing dissemination of the luciferase-expressing leukemia cells (color
scale; min:8x10® max:1x10°). C) Leukemia growth was quantified via total bioluminescent flux at

the indicated time points. D) Area under the curve analysis was conducted with baseline
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correction 1x10° flux. E) Peripheral blood flow analysis showing the percent of CD3+ cells of
singlet live cells is elevated in the aCD19 cohort. Mice were euthanized 34 days after leukemia
engraftment and tissues were stained and analyzed by flow. F) The percent CD19* of live
CDA45* singlet cells shows suppression of leukemic cells in bone and spleens of the aCD19 ePC
cohort. A-D) Data from one donor with p-values calculated by one-way unpaired ANOVA with
Sidak’s posttest (D) and unpaired student’s T tests between GFP and aCD19 cohorts (E-F).

lllustrations created in part with biorender.com.
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Figure 6: aCD19 bispecific secreting ePCs can persist in bone marrow and treat
established leukemia

A) Schematic showing therapeutic treatment of a patient-derived xenograft model of high-risk
ALL. Luciferase-labeled patient-derived NL482B [Children’s Oncology Group unique specimen
identifier PALJDL] cells were administered intravenously. After 48 hours, either GFP.CD19%° or
aCD19.GFP.CD19%° ePCs were injected intravenously into immunodeficient NSG mice. 24

hours later, we delivered T cells syngeneic to the ePCs via retro-orbital injection. B)
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699  Bioluminescent images showing dissemination of the luciferase-expressing leukemia cells (color
700  scale; min:5x10e® max:5x10e*). C) Leukemia growth was quantified via total bioluminescent flux
701 atthe indicated time points. D) Area under the curve analysis was conducted with baseline

702  correction 1.25x10° flux. Peripheral blood sera from mice at day 12 and day 20 was collected
703  and used in the previously described K562 Killing assay. E) T cell action (%CD69*CD137")

704  caused by sera from mice twenty days post tumor engraftment is shown. F) Concentration of
705 aCD19 bispecific in the mouse seras were interpolated from a standards curve. Twenty days
706  after tumor engraftment, bone marrow cells were harvested, stained, and analyzed by flow

707  cytometry. G) The percent of tumor (huCD19*huCD45'moCDA45") of live cells was quantified. H)
708 Representative flow plots of human cells show plasma cells present in the bone marrow of mice
709 that received ePCs. The percent of plasma cells (huCD38*huCD45*"moCD45-huCD138%) of live
710 cells was calculated. 1) The percentage of plasma cells that were GFP* was quantified and

711  plotted. Data from one donor with p-values calculated by one-way unpaired ANOVA with

712  Sidak’s posttest. lllustrations created in part with biorender.com.
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