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Abstract
Chimeric antigen receptor (CAR) T cells have shown great promise in treating
hematopoietic malignancies, such as leukemia and non-Hodgkin’s lymphoma. The efficacy
and durability of CAR T cell therapy have been correlated with higher levels of T stem cell
memory (TSCM) and T central memory (TCM) populations. Accordingly, various strategies to
enrich these CAR T cell populations are of intense interest. It is well-established that the
PI3K/mTOR pathway plays an important role in T cell activation and differentiation, and
perturbations in this pathway can enhance T cell memory populations. Work from our
group has demonstrated that MNK modifies mTOR signaling and T cell differentiation.
Here, we demonstrate that the MNK1/2 inhibitor tomivosertib can substantially increase
TCM and TSCM populations in both primary murine and human T cells. Tomivosertib
treatment of murine OT-I T cells biases T cell differentiation towards a TCM (CD8+ CD44+

CD62L+) population upon SIINFEKL peptide stimulation in vitro without adverse effects on T
cell proliferation, interferon-γ production or cytotoxic function. Similar effects are seen in
vivo, where tomivosertib treatment also enriches the TCM cell pool in a SIINFEKL vaccine-
induced OT-I adoptive T cell transfer model, which results in increased persistence as
demonstrated by a higher memory-recall T cell response upon re-challenge. Furthermore,
addition of tomivosertib during production of human CAR (anti-CD19 scFv-4-1BB-CD3ζ) T
cells leads to a significantly increased population of TSCM (CD8+ CD45RO- CD27+) cells.
Based on these data, the combination of tomivosertib with CD19-directed CAR T cells was
assessed in the CD19+ Pfeiffer DLBCL model in vivo. Daily oral administration of
tomivosertib in combination with CD19-directed CAR T cells results in improved efficacy in
comparison to either monotherapy alone, consistent with tomivosertib promoting and
maintaining TSCM populations in vivo. Tomivosertib is currently in multiple phase 2 clinical
trials as a monotherapy or in combination with checkpoint inhibitors.
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Results

Conclusions

• MNK inhibition modulates mTORC1 signaling in T cells without compromising
T cell activation

• Tomivosertib (eFT508) promotes TSCM formation and TCM formation in human
and murine CD8+ T cells both in vitro and in vivo

• Tomivosertib (eFT508) promotes TSCM formation in CAR T cells and facilitates
the production of more effective CAR T cells with enhanced in vivo function

• Tomivosertib (eFT508) is currently being evaluated in phase 2 clinical trials in
combination with PD-1/PD-L1 inhibitor therapy in solid tumors
(NCT03616834) and as a single agent in patients with advanced castrate-
resistant prostate cancer (NCT03690141)

• eFFECTOR Therapeutics has designed eFT508, a potent, highly selective, small molecule 
inhibitor of MNK1 and MNK2 activity

• MNK1 and MNK2 are S/T protein kinases that, in concert with mTOR, integrate signals 
from the T-cell receptor (TCR) through the PI3K and ERK pathways, at the level of 
translational control

• MNK selectively controls the translation of key regulators of the anti-tumor immune
response
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Figure 6. eFT508 enhances the efficacy of CAR T cells in vivo. Pfeiffer, a CD19-expressing DLCBL tumor
cell line was implanted into NOG (NOD.Cg-Prkdcscid Il2rgtm1Sug/JicTac) mice. When tumors reached ~100-
144 mm3 in size, mice were randomized into the indicated treatment groups. A) Tumor growth curve in
animals treated with vehicle, oral daily dosing with 1 mg/kg eFT508, engrafted (i.v.) with 4.1 x 106 CAR T
cells/kg body weight, or the engrafted CAR T cells combined with oral daily dosing of 1 mg/kg eFT508. B)
Body weights of animals during the study. C) Tumor growth curve in animals treated with vehicle,
engrafted (i.v.) with 7.5 x 106 CAR T cells/kg body weight, or engrafted with 7.5 x 106 CAR T cells/kg body
weight stimulated with 3 µM eFT508 ex vivo for 4 days prior to engraftment. D) Body weights of animals
during the study. p-values: ****, p < 0.0001 by two-way ANOVA, Tukey post-hoc test.
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Figure 3. eFT508 enhances T cell central memory pool in vivo and leads to higher memory-recall
responses. OT-I T cells were adoptively transferred into B6.SJL mice (day 0). Mice were treated as
indicated with 1 mg/kg eFT508 and/or immunized/boosted with 50 µg SIINFEKL peptide (days post-
transfer). A) Spleens were harvested at day 3 and CD45.2+CD8+ T cells were scored for CD44highCD62Lhigh

(CM) expression by flow cytometry. Bars, average from animals in group (n=3); Error bars, SEM. B) Spleens
were harvested on day 24 and processed for flow cytometry analysis. CD45.2+CD8+CD44+ Memory T cells
are plotted as a percentage of total lymphocytes from two independent experiments. Bars, average from
animals in group (n=12 over two experiments); Error bars, SEM.
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Figure 2. eFT508 enhances the formation of the TSCM and TCM pool in human and murine T cells. A)
Purified human primary T cells were stimulated with α-CD3/CD28 antibodies in the presence of the
indicated concentrations of eFT508 for 48 h. Cells were analyzed for CD8, CD45RO, CD45RA and CD27
expression by flow cytometry. Representative scatter plots for CD45RA and CD27 expression in the
CD8+CD45RO- population. CD45RA+CD27+ cells define TSCM cells. B) Splenocytes from OT-I mice (C57BL/6-
Tg(TcraTcrb)1100Mjb) were stimulated with 5 µg/ml SIINFEKL peptide in the presence of the indicated
concentrations of eFT508 for 4 days. Cells were analyzed for CD8, CD44 and CD62L expression by flow
cytometry. Representative scatter plots for CD44 and CD62L expression in CD8+ cells are shown.
CD44highCD62low define effector memory cells (TEM) and CD44highCD62Lhigh define central memory cells
(TCM). C) SIINFEKL-stimulated OT-I splenocytes as in (B) were treated at day 4 with GolgiPlug for 4 h prior to
harvest. IFN-γ expression was assessed by flow cytometry.
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Figure 1. eFT508 indirectly modulates
mTORC1 function without inhibiting T cell
activation. A) In vitro kinase assay of MNK1,
MNK2 and mTOR in the presence of the
indicated concentrations of eFT508. Kinase
activity is reported as a percentage relative to
control (no compound present). B) Primary
human T cells were purified from PBMCs and
stimulated with α-CD3/CD28 antibodies in
the presence of the indicated concentrations
of eFT508 for 24 h. Whole cell lysates were

immunoblotted with the indicated antibodies. C) Primary human T cells were stimulated with α-CD3/CD28 
antibodies in the presence of the indicated concentrations of eFT508 or the mTORC1 inhibitor everolimus 
(RAD001) for 24 h.  CD25 expression was assessed by flow cytometry.

Figure 4. Generation of CD19 CAR T cells. A) Diagram of CD19 scFv-4-1BB-CD3ζ CAR construct. B)
Primary human T cells were purified from healthy donor PBMCs and activated with α-CD3/CD28 antibodies
for 36-48 h prior to transduction with GFP-CD19 CAR lentiviral particles. CD19 CAR expression was
assessed in GFP-expressing T cells by flow cytometry with biotin-CD19 Fc chimera and PE streptavidin
detection.

Figure 5. eFT508 enhances TSCM and cytotoxic function in CAR T cells. CAR T cells as in Fig. 4 were
incubated with the indicated concentrations of eFT508 for 5 days and analyzed by flow cytometry. A)
Representative scatter plots of CD27 expression in CD3+CD8+GFP+CD45RO- CAR T cells. B) Plot of the %
increase in TSCM in eFT508-treated CAR T cells relative to DMSO-treated cells generated from 8 donors. p-
values: *, p < 0.05 by one-way ANOVA (Dunnett correction) relative to control. C) CAR T cells were
incubated with the indicated concentrations of eFT508 for 4 days, washed and purified CD27+ CAR T cells
were mixed at a ratio of 1:2 with Pfeiffer tumor cells (CD19+ DLBCL) that stably express luciferase. 18 h
post-incubation, luciferase activity was assessed and inhibition of luciferase activity in the cell mixtures
relative to Pfeiffer cells alone was expressed as % Pfeiffer cell kill. p-values: **, p=0.002; ****, p<0.0001
by one-way ANOVA (Dunnett correction) relative to control.
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