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ABSTRACT OBJECTIVES METHODS CONTINUED

Objectives: We have been developing SV-BR-1-GM, a breast cancer cell line with features of an antigen presentingcell ~ * To modify the SV-BR-1 cell line to express various HLA alleles to permit matching more patients, — = e HLA-A , 620000000 o | e
which has been stably transfected with the CSF2 gene encoding GM-CSF. SV-BR-1-GM has been in clinical trials in a 8 HLA-A alleles and 7 HLA-DRB3/4/5 alleles were employed in a lentiviral expression system 5ge 98] Jiigusesesa andDR |  Overexpression _ Dingle cell ?
: : : : : . : « To develop cell lines which will be pre-manufactured and will express HLA alleles covering/matching SV-BR-1 P> CRISPR/Cas9 CRISPR/Cas9 --single cell deficient |3 ~of cytokines =» Sorting =1 K -
regimen including low-dose pre-dose cyclophosphamide to reduce immune suppression, and post-dose local interferon o . ) o . HLA-A = HLA-DRB  'Q¢loning  * * _ and HLAS ' Ocloning | |
: : . . . oY . >99% of the overall advanced breast cancer population (double matches in ~90% of the population) 25 g cells o | Lt At | BC2 BC4
alpha to boost the immune response. The SV-BR-1-GM regimen has been administered alone or in combination with PD-

1 inhibitors in patients with advanced breast cancer. We have noted that patients that match the SV-BR-1-GM cell line at
least at 1 HLA allele are more likely to derive clinical benefit. Therefore, steps were taken to genetically modify the SV-

e e s ' e j (clone 17) > T : >3 .
M ETHODS h ' “ ' validation
Fig.1. Experimental strategy. The resulting cells express GM-CSF, IFNa and the following HLA combinations BC1: HLA-A*01:01, HLA-A*68:01, HLA-

BR-1 cell line to match more patients. In order to generate a cellular immunotherapy for breast cancer matching >99% of the population at DRB3*02:02, HLA-DRB4*01:01 BC2: HLA-A*02:01, HLA-A*11:01, HLA-DRB4*01:01, HLA-DRB3*03:01 BC3: HLA-A*03:01, HLA-A*23:01, HLA-
Methodology: We focused on the least polymorphic HLA types in the population: HLA-A (Class |) and HLA-DRB3/4/5 least at 1 HLA allele, four cell lines were developed, each carrying two (2) HLA-A and two (2) HLA- DRB3%01:01, HLA-DRB5*01:02 BC4: HLA-A*33:03, HLA-DRB501:01, HLA-DRB5*02:02

(Class Il). The published allele frequencies (Gragert 2013) for HLA-A and HLA-DRB3/4/5 were evaluated for the major

DRB3/4/5 alleles, for a total of eight HLA-A and seven HLA-DRB3/4/5 alleles (Tables 1 and 2). The

: ) : HLA-DRB3, HLA-DRB4, and HLA-DRBS genes occupy essentially the same locus, with the presence
demographic groups in the US. The following HLA alleles were selected: A*02:01, A*01:01, A*03:01, A*24:02, A*11:01, - J b © Y . ’ EF1 alpha promoter MNDU3 promoter
*QQ-. *23-:01. A*33:03 for ClI | DRB4*01:01. DRB3*02:02. DRB3*01:01. DRB5*01:01. DRB3*03:01 of one gene excluding the preseqce of ano.ther' Th.e minimum percentage of patients covered by at Cell line ID Cytokine 1 2A cytokine 2 HLA-A Allele 1 2A HLA-A Allele 2 2A HLA-DRB3/4/5 Allele 1 2A HLA-DRB3/4/5 Allele 2
A*68:01, A*23:01, A*33:03 for Class | and 01:01, 3*02:02, 3*01:01, 5*01:01, U, least one (1) HLA-match was estimated using published allele frequencies (Tables 1 and 2). - - - -
DRB5*01:02, DRB5*02:02 for HLA-DRB3/4/5. Based on population analysis, this combination of alleles should produce Furthermore, data from the 2010 Census were used to estimate allele matches in different races. BC1 CFS2 T2A IFNA2 A*01:01 T2A A*68:01 P2A DRB4*01:01 E2A DRB3*02:02
at least a single match in 99% of the population, with a 92% match at Class | HLA-A alleles and a 98% match at Class |l o African . _ BC2 CFS2 T2A IFNA2 A*02:01 T2A A*11:01 P2A DRB4*01:01 E2A DRB3*03:01
HLA-DRB3/4/5 alleles. SV-BR-1 was modified using CRISPR technology deleting expression of the endogenous HLA-A AUEESIDIEILTONS American White ASETT BC3 CFS2 T2A IFNA2 A*03:01 T2A A*23:01 P2A DRB3*01:01 E2A DRB5%01:02
and HLA-DRB3 alleles. Four lentiviral vectors were constructed to express the HLA alleles, along with the CSF2 gene US Census 2010 (Frequencies) 12.60% 79 4% 4.8% BC4 CFS2 T2A IFNA2 A*24:02 T2A A*33:01 P2A DRB5*01:01 E2A DRB5*02:02
(which encodes GM-CSF ), using a 2A self-cleaving multi-gene expression system. Each lentiviral vector expressed 4 ) A — S T
HLA types: 2 HLA-A and 2 HLA-DRB3/4/5 types. Frequency —AMP ) N EF CFS2-IFNa ZLUl\Io]ik HLA-A + HLA-DRB ) —
Preliminary Data: Following sequential CRISPR treatment, the SV-BR-1 cells were cloned, and one clone selected HLA-A A™02:01 12.30% 27.60% 14.80% Fig.2. Lentiviral vectors used to generate Bria-OTS. Polycistronic mMRNA were generated by the use of 2A sequences. Vectors carried 2 polycistronic mRNAs
(clone 17) for further engineering. Lack of expression of HLA-A and HLA-DRB3 was confirmed using flow cytometry and HLA-A A*01:01 4.70% 16.50% 1%
sequencing. Clone 17 was subsequently transduced with the four lentiviral vectors each expressing four HLA genes as HLA-A A*03:01 8.40% 14% 0.90% RESULTS
well as the CSF2 gene and IFNAZ2. Following selection and cloning, clones were evaluated by ELISA, flow cytometry and HLA-A A*24:02 2.50% 8.50% 35.30%
RT-PCR to confirm gene expression. Several clones that secreted GM-CSF and expressed both Class | and Class || HLA HLA-A A*11:01 1.40% 6.10% 8.70% “0o 500 HLA-A*01:01 HLA-A*68:01 HLA-DRB5*01:01 HLA-A*33:03
alleles have subsequently been transferred to GMP manufacturing. HLA-A A*68:01 4% 3.20% 0.20% 30+ 2.5- 5- 800+
These modified breast cancer cell lines will be used in clinical studies designed to first evaluate the safety subsequentially HLA-A A*23:01 1% 2% 0.10% E 90- — z *] 20- ‘- i
combined with other agents to augment the immune response. Each patient will be treated with the cell line that matches HLA-A A33:03 5.20% 0.3% 6.50% g . % 40- 20 - .
them at least at one HLA allele. HLA allele frequency Sum of allele frequencies: 49.40% 78% 67.50% @ ] < g S g S 400
('i, i:' 1.0 2=
BACKGROUND At least 1 HLA-A match Per individual (2n): 74.40% 95% 89.40% B 10 207 104 1 2004
e 0‘5_ -
Table 1 *HLA allele frequencies by Gragert et al.", in African American; European Caucasian, and Japanese. Percentages of “At 0 ; | | | “'!\_T \I ; ) I 00 0 - 0
. . . least 1 HLA-A match” are higher per individual than the sum (XAFHLA-A) of the allele frequencies (AF) since allele frequencies refer » A ™ o N (SN T e J T ! !
* SV-BR-1-GM is a breast cancer cell line with to one chromosome set (1n), with each individual having two chromosome sets (2n). The per-individual (2n) “phenotype _\\gf"'\ & & & ‘,3\@ D\o"‘e' e ° Clone 17 BC1 Clone 17 BC1 Clone 17 BC4 Clone 17 BC4
features of antigen-presenting cells including Mechanism of Action (MoA) ggqugr_;_c:sies”ll(TF) indicatingI thle fedrcen]:tal?e of individuals with at least one HLA-A match with the exogenous HLA-A alleles from the s ¢° HLA-DRB4*01:01 HLA-DRB3*02 HLA-DRB5*02:02 iy HLA-A*24:02
. } i i ria- cell lines were calculated as follows: ; - ; : - ; _ 25000 - 5+
expression of HLA class Il molecules (Lacher et SV-BR-1-GM acts as an antigen-presenting cell for primed T cells (Lacher PFHLA-A = 1 - (1 - SAFHLA-A)2, whereby (1-ZAFHLA-A)2 is the probability that an individual does not carry at least 1 of the HLA-A Fig.3. GM-CSF expression Fig.4. HLA-DR expression 207 49
al., Front Immunol. 2018 May 15;9:776) et al., Front Immunol. 2018 May 15;9:776 and Figure 1). alleles. Example: for African American, PFHLA-A = 1 - (1 - ZAFHLA-A)2 = 1 — (1 - 49.4%)2 = 74.4%. on BC1 .and BC4 cell lines. on BC1.and BC4. Surface 20000
. Al o BreOTS & A — R Expression of GM-CSF was expression was measured by 1.5 30 1.0
« SV-BR-1-GM was derived from a Grade |l SV-BR1-GM (Bria-IMT) cells SV-BR-1-GM expresses eies in Bras rican American e stan quantified using an ELISA flow cytometry. o I 4o o 190007 S
(moderately differentiated) breast cancer tumor. ..y activate cD4+ and W Z:Zii Zinfsrb z;n;f:dnr?ﬁvghich USFf;ens;]sC _2210 5 > 1 4 assay. g 1.0- & 100004 -
«  SV-BR-1-GM was used in 3 clinical studies: In P8 Teells ceIIs and presented to CD4+ (Frequencies) Frequency® 0.5 10- 5000
“ ” L e O\/ DD A4 N el and CD8+ T cells which
_ 1. ey N ) 0.0- I
tWO. MonOtherapY studies the SV-BR-1-GM e thereafter may induce a DRB3/4/5 DRB4*01:01 18.30% 31.20% 38.40% < . - 0.0- . e 0 ! ' Clone 17 BC4
regimen consisted Of low dose N CD8+CTL tumor-directed immune CO“CIUS'O“. C|Ona| Ceu Llnes BC1 and BC4 have been Clone 17 BC1 Clone 17 BC1 clone 17 BC4
. . v ‘\/ i response DRB3/4/5 DRB3*02:02 27.20% 18.20% 10.40% g
cyclophosphamide to reduce immune ﬁmi@?'/ Y N Potlrf et .. N DRB3/4/5 DRB3*01:01 13.40% 14.90% 6.30% developed and express GM-CSF as well as HLA-A and Fig.5. Expression of HLA-A/DR transgenes on BC1 and BC4. Allele specific
suppression (300 mg/m? 2-3 days prior to \%\/Tr\l NG > Ty e 9 | DRB3/4/5 DRB5*01:01 14.40% 13.50% 8.70% HLA-DRB3/4/5 proteins and mRNA based on cytokine quantification of HLA-A/DR was done by SYBR-green Q-PCR. Relative
inoculation); 20-40 million irradiated SV-BR-1- Tumorde.sm\ | . ;;_/ e Rm0a01 o oo P 2 500, ELISA, flow cytometry and by SYBR-green Q-PCR tqhuant(i:flicatio1n7is showt/nl_.I d{ i;:tz(znded HLA alleles are expressed at higher levels
I it i I - N\ N an vlione exce - .
QM cells intradermally split into 4 s!tes, and s )b : WA /< DRB3/4/5 DRB5*01:02 0.20% 0.70% 9.70% analyses. P
!nteﬁ?r?n-GZF; (1 (2),?;‘004 (IjU xI t4) |t r;‘to tlhe Ny i A, ORB3/4/ ORB5*02.02 0% 0% 0.70%
inoculation sites ~ ~4 days later with cycles el = Endosome. Arieen| LD Sum of allele
inati fa-IMT™ W T= o S O At least 1 HLA-DRB345 match . 84.60% 85% 81.60% DISCUSSION AND CONCLUSIONS
every 2 weeks x3 then monthly. For combination Bria-IMT ' ST A frequencies:
therapy, pembrolizumab (200 mg IV) or At least 1 HLA-DRB345 match  Per individual (2n): 97.60% 97.80% 96.60%
- pY P ( J - ) - GO eas mate er individual (2n) ° ° ° SV-BR-1-GM has a unique mechanism of action, acting both as a source of breast cancer antigens and a functional antigen presenting cell, thereby boosting the
retifanlimab (375 mg IV) was given in IV . . . . : . : : :
binati th th . ¢ th ‘ ’ e © Table 2. “HLA allele frequencies by Gragert et al.", African American; European Caucasian, Japanese (lowest HLA-DRB3/4/5 immune response. This is in part dependent on HLA matching between the patient and the cell line. Based on these observations, SV-BR-1 has been genetically
combination Wi © regimen  irom © SV-BR-1-GM allele frequency among Asians). Allele and phenotype frequencies (2n) were calculated as described for Table 1. engineered to express 8 Class | and 7 Class Il HLA alleles, which will allow a single HLA match with >99% of the population and a double match in ~90%. These
: g
Monotherapy study with cycles every 3 weeks. secretes GMCSF, . . m— - . . cell lines will provide a personalized approach to cancer immunotherapy that is off-the-shelf, eliminating the complex manufacturing logistics of other
« PFS and OS in this group of heavily pretreated ‘;V:t'icgzrfupﬁggsrs]taﬂon ConlclIJuSsmn. Tlhls co;nb:‘f,to:o: of a"ﬁlte?j permits mat(;hlngga:fz f/ot ::f th Eefrsonalized immunotherapies.
i i " tota opulation for -A (weighted average) and ~98% of the eferences:
;nei?ftatl(f] Ereajtziarl_llie; pat,:eI:ltS ap.,E)hegr\j geRtt?r by dendritic cells Populati:n 'If)OI' HLA-DRB3/4/5 V\(Iith gver 99, ha?lir)Ig at least one match 1. Gragert L, Madbouly A, Freeman J, Maiers M. Six-locus high resolution HLA haplotype frequencies derived from mixed-resolution DNA typing for the entire US donor registry. Hum Immunol.
or those 1+ an matches wi -BR-1- - 0 - 2013;74(10):1313-1320

GM compared with those with no HLA matches. 2. Lacher MD et al, Front Immunol. 2018 May 15;9:776
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