
Supplementary Material and Methods 
 
CD19 shRNA knockdown 
pLKO.1 vectors with two different shRNA inserts specific for CD19 (MISSION shRNA, 

Sigma) as well as empty vector were packed in HEK293T cells into lentiviral particles, 

which were concentrated using PEG-6000. On day 1, 10e6 Jeko-1 cells were 

transduced with 50 ul 100x concentrated virus in the presence of 5 µg/ml polybrene for 

24h. On day 5, transduction efficiency was analyzed with flow cytometry, and selection 

with 0.4 µg/ml puromycin was initiated. After 11 days of selection, CD19 and CD79b 

expression was analyzed again using flow cytometry and SYBR green qPCR. 

 

SYBR green qPCR 
RNA was isolated from jeko-1 cells with RNeasy minikit (Qiagen). cDNA was 

synthesized using Maxima H Minus Reverse Transcriptase (Thermo Scientific). 

QuantiTect SYBR green PCR kit (Qiagen) was used for qPCR, which was run on a 

StepOnePlus Real Time PCR System (Applied Biosystems). CD19 forward primer: 

5’AGGGAGATAACGCTGTGCTG-3’, CD19 reverse primer:  5’-

AGAAGGGTTTAAGCGGGGAC-3’, PUM1 forward primer: 5'-

GTACTGTCCCCACGATCGGA-3, PUM1 reverse primer: 5-'TGCATCCCTTGGGCCAA 

ATC-3’. 
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Supplementary figure �

Supplementary figure �� &'��E anG &'�� e[preVViRn Rn Kuman lympKRmaV
�$� 0ean fluRreVFent intenVity �0),�� GetermineG Ey flRZ FytRmetry� Rf &'��E anG &'�� VurfaFe e[preVViRn Rn Kuman tumRr % Fell lineV 
Rr mantle Fell lympKRma patient GeriYeG [enRgraftV� 00� multiple myelRma� %/� %urNitt¶V lympKRma� '/%&/� GiffuVe large % Fell 
lympKRma� 0&/� mantle Fell lympKRma� 3eripKeral ElRRG mRnRnuFlear FellV frRm � patientV GiagnRVeG ZitK 0&/ Zere eYaluateG fRr 
&'�� anG &'��E e[preVViRn uVing flRZ FytRmetry� 0alignant % FellV Zere gateG aV &'��&'2��&'��� �%� &'�� anG &'��E VurfaFe 
Vtaining Rn Rne 0&/ GRnRr ZitK ErigKt &'��E e[preVViRn� 7Ke &'��&'2��&'��&'���&'��E� FellV are Flearly GefineG aV a Nappa� 
pRpulatiRn� �&� &'�� anG &'��E VurfaFe Vtaining Rn Rne 0&/ GRnRr ZitK Gim &'��E e[preVViRn� 7Ke &'��&'2��&'��&'���&'��E� 
FellV are nRt Flearly GefineG aV eitKer Nappa Rr lamEGa�� 'im e[preVViRn Rf &'��E FRulG nRt Ee Flearly reVRlYeG Ey tKe FKRVen 
flRurRFKrRme tKereEy giYing tKe impreVViRn Rf Eeing &'��E negatiYe�
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Supplementary figure 2: Transduction efficiency and in vitro activation of CAR T cells
(A) Representative flow plot of human T cells transduced with a chimeric antigen receptor, and transduction efficiency after 10 days of culture (n=3 healthy donors, mean+SEM shown). (B) Activation of Jurkat reporter (NFAT-Luc) T cells, based on luciferase activity, transduced with different CAR constructs and co-cultured overnight with target cells, anti-CD3/CD28 Dynabeads as positive control, or media as negative control (n=3, mean+SEM shown). (C) TNFa production measured by Luminex in collected cell culture supernatants after overnight co-culture of CAR T cells and target cells at a 1:1 ratio (n=2 healthy donors, mean+SEM shown, ***<0.001, ****<0.0001 by Anova).
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Supplementary figure 3

Supplementary figure �� /RVV &'�� GReV nRt reGuFe &'��E VurfaFe e[preVViRn
�$� 5epreVentatiYe KiVtRgramV VKRZing &'�� anG &'��E VurfaFe e[preVViRn� GetermineG Ey flRZ FytRmetry� Rn parental -eNR�� FellV anG
-eNR�� FellV ZitK &5,S35�&aV� meGiateG NnRFNRut Rf &'��� �%� 0ean fluRreVFent intenVity �0),� Rf VurfaFe &'�� anG &'��E Rn
parental -eNR�� FellV anG &'�� NnRFNRut Fell lineV� �&� &RmpariVRn Rf lRng�term grRZtK Rf parental -eNR�� anG &'�� negatiYe -eNR��
FlRneV� �'� 5epreVentatiYe KiVtRgramV Rf VurfaFe &'�� anG &'��E e[preVViRn� GetermineG Ey flRZ FytRmetry� Rn parental -eNR�� Rr
&'�� negatiYe -eNR�� FlRneV at Gay �� anG 2� Rf Fulturing�
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Supplementary figure 4

Supplementary figure �� VK51$ NnRFNGRZn Rf &'�� GReV nRt reGuFe &'��E VurfaFe e[preVViRn
�$� (ffiFient NnRFNGRZn Rf &'�� ZaV aFKieYeG in -eNR�� FellV ZitK tZR Gifferent &'�� GireFteG VK51$V� �%� )lRZ FytRmetriF analyViV 
Rf &'�� anG &'��E VurfaFe e[preVViRn Rn -eNR�� FellV after VK51$ meGiateG &'�� NnRFNGRZn� 7Ke grapKV are repreVentatiYe Rf 
tZR inGepenGent e[perimentV �Rne VKRZn��
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Supplementary figure 5

Supplementary figure �� &'��E &$5 7 FellV eraGiFate a &'�� negatiYe 0&/ [enRgraft tumRr
�$� SFKematiF illuVtratiRn Rf tKe in YiYR e[periment� 1S* miFe reFeiYeG an ,9 inMeFtiRn Rf a tRtal Rf �e� -eNR�� &'�� negatiYe &%*�*)3
�)�2 FlRne �� tumRr FellV� 7umRr engraftment ZaV eVtaEliVKeG ZitK %/, imaging� $t Gay �� miFe Zere grRupeG aFFRrGing tR %/,
e[preVViRn anG giYen a Vingle GRVe Rf 2e� &$5��� &$5��E �/�+� Rr 87' FRntrRlV FellV� �%� 5epreVentatiYe EiRlumineVFent imageV Rf
&'�� negatiYe tumRr grRZtK RYer time� �&� 7Ke aYerage raGianFe >p�V@ )/8;� Rf ZKRle miFe in Gifferent treatment grRupV RYer time
�n �� miFe pr� grRup� mean�S(0 VKRZn� tZR�Zay $129$�� *rapKV are EaVeG Rn e[perimentV ZitK 7 FellV frRm tZR Gifferent KealtKy
GRnRrV�
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Supplementary figure �� 7ranVGuFtiRn effiFienFy anG ,n YitrR effiFaFy Rf tanGem &$5 7 FellV
�$� 7anGem &$5 tranVGuFtiRn effiFienFy Rf Kuman 7 FellV aFrRVV multiple GRnRrV �n �� KealtKy GRnRrV� mean�S(0 VKRZn�
$129$�� �%� /uFiferaFe aFtiYity Rf -urNat repRrter �1)$7�/uF� 7 FellV� tranVGuFeG ZitK Gifferent &$5 FRnVtruFtV� after RYernigKt
FR�Fulture ZitK target FellV� anti�&'��&'2� 'ynaEeaGV aV pRVitiYe FRntrRl� Rr meGia aV negatiYe FRntrRl �n � mean�S(0�
$129$ FRmpareG tR 87'� 
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prRGuFtiRn meaVureG in Fell Fulture VupernatantV Rf &$5 7 FellV VtimulateG ZitK �&� parental -eNR�� Rr �'� &'�� negatiYe �)�2
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Supplementary figure 7: CD79b and CAR79b-19 CAR T cells clear MCL CD79b+CD19+ “upfront” tumors in vivo 
(A) Schematic illustration of the experimental design indicating tumor cells, timeline, dose, and imaging time points. Mice 
were grouped according to tumor engraftment and before injection with a single dose of 2e6 CAR19, CAR79b, 
CAR79b-19 or untransduced control T (UTD) cells. (B) Representative bioluminescent images of tumor growth over 
time. (C) The average radiance [p/s/cm2/sr] FLUX, of whole mice in different treatment groups over time (n=3-4 mice per 
group, mean±SEM shown, p=NS, two-way ANOVA). (D) PreVenFe Rf CD3+mCherry+ cells in peripheral blood at day 14 
post CAR T cell injection (n=3-4 mice per group, mean±SEM shown). Graphs are representative of T cells from one 
healthy donor.
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