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CAR-T cells treated with dorsomorphin, a selective AMP-activated protein
kinase (AMPK) inhibitor, significantly maintained a young memory phenotype and prolonged CAR-T cell
persistence in mice without affecting proliferative capacity. But it had no additive effect on cell
cytotoxicity and tumor growth inhibition. In addition, it can hardly suppress T cell exhaustion
after several times of stimulation. The mechanism of the role of the AMPK pathway in T cell
functional effect needs to be investigated further under current research.
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1. BFFEBHAG S WO 7

The significance of metabolism in antitumor T cell immunity has become apparent. However, it has
yet to be known how exogenous manipulation can modulate T cell functions. We have explored
metabolic targets associated with T cell functions and identified that Reagent A, an inhibitor of the
critical metabolic pathway, helped maintain CD8+ T cells with a young memory phenotype and
cytokine polyfunctionality with repeated antigen exposures. Based on this data, we hypothesize that
inhibiting the metabolic pathway in T cells can enhance their durable effector functions and survival

capacity.
2. WROHM
The efficacy of adoptive immunotherapy against solid tumors has been limited. One of the reasons

underlying the insufficient response is that antitumor T cells exposed to persistent antigenic
stimulation undergo exhaustion. A proportion of exhausted T cells with an undifferentiated memory
phenotype are more sensitive to immune checkpoint inhibitors and can persist longer than terminally
exhausted T cells. Our research focuses on exogenous manipulation of metabolic profiles, which may
be able to support the maintenance of a progenitor memory phenotype in T cells, resulting in durable
therapeutic efficacy in the solid tumor. Successful completion of this study will improve the
therapeutic efficacy of adoptive T cell immunotherapy against currently refractory cancer.

3. WDk

We thoroughly studied metabolic targets associated with T cell differentiation and effector functions
in the context of repetitive antigenic stimulation by treating CAR-T cells with an array of specific
inhibitors. We have identified that the CAR-T cells treated with dorsomorphin, a selective AMP-
activated protein kinase (AMPK) inhibitor, significantly maintained a young memory phenotype and
cytokine polyfunctionality without affecting proliferative capacity.

Although it is generally considered that the AMPK is required for effector T cell functions, our data
suggest that inhibiting AMPK may have a beneficial influence on antitumor immunity. To test this
notion, we performed the following experiments.

We injected NSG mice with dorsomorphin-treated or untreated T cells and monitored theirs in vivo
persistence. We also tested the antitumor efficacy of dorsomorphin-treated CAR-T cells in the solid
tumor model. NSG mice were subcutaneously transplanted with the A375 melanoma cell line stably
transduced with mesothelin and then treated with anti-mesothelin CAR-T cells. Mice were regularly
injected with dorsomorphin or vehicle and analyzed for tumor progression. We also examined the
tumor-infiltrating CAR-T cell functions ex vivo; intratumoral CAR-T cells were isolated and
cocultured with the A375-mesothelin to measure cytokine secretion. In addition to pharmacologic
inhibition, we also tested the effect of mutagenesis and genetic knockout of AMPK subunit(s) in CAR-
T cells. We performed qPCR analysis to elucidate how the AMPK inhibition affects the transcriptional

profiles of CAR-T cells.

4. WFFERCR

We have identified that the CAR-T cells treated with dorsomorphin (DM), a selective AMP-activated
protein kinase (AMPK) inhibitor, significantly maintained a young memory phenotype and cytokine
polyfunctionality without affecting proliferative capacity (Figure 1). The AMPK is one of the essential

components regulating T cell metabolism and related to memory T cell formation and effector T cell

differentiation.



£10- ]
&2 g . .
& ? 6 . LAY
Q @ . . . .
uwj 8 ;7 . * . * ¢ * ¢ % . * . o« * . . d . . ;
a5 . . . . . . L P . . .
(S 0 . . - -
() T T T T T T T T 1T 1T 17 70I§°7 T T T T T T T 1T 1T 1T 1T 17 177 T T T T T T T 1T 17T 17T 17T 17T 17 T T T T
o 1234567 8 91011121314f15161718192021222324252627 28293031 323334 353637 38 39 4041 42 43 44 4546 47Ctrl
=20
w15 . .
?107 ‘ . . ¢ st . ‘.
: .
i 5-* .. e, ¢ N . * e ¢ . et .o * * . * . * e .. e
g 0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1234567891011 1213& 51617 16192021 2223242526 27 28 29 30 31 32 33 34 3536 37 38 39 40 41 42 43 44 45 46 47Cir|

Figure 1. Anti-CD19 CAR-T cells were repeatedly stimulated by the antigen in the presence of
individual inhibitors (#1-47). Memory T cell phenotypes (upper panel) and cytokine production
(lower panel) were analyzed after the 3rd stimulation (#14 denotes Dorsomorphin).

We added DM prior to restimulation (Figure2A) and confirmed that CAR-T cells treated with DM
could maintain younger memory makers after stimulation compared to the control group. (Figure
2B.,C)
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Identical results were collected in vivo that DM-treated T cells had a longer persistence in peripheral
blood than the control group. (Figure 3A, B)
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Figure 3. T cells were stimulated and treated with DM before infusion into mice. (A) After
infusion, peripheral blood was collected on Day14 and Day28. Results were evaluated by Flow
cytometers. (B)

Next, we evaluated Cytotoxicity in vitro and the anti-tumor effect in vivo. We used 14g2a CAR-T cells
to coculture with Nalm6-GD2sGD3s cells. After 24h coculturing, we accessed the cytotoxicity by
Flow cytometers. CAR-T cells treated with DM showed good cytotoxicity on tumor cells but did not
have an enhanced effect on the DM-untreated group. (Figure 4A) Meanwhile, in vivo mice models,
DM-treated CAR-T cells had no additive effect on tumor suppression after infusion into mice. (Figure
4B)
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Figure 4. Nalm6-GD2sGD3s were cocultured with 14g2a CAR-T cells treated or untreated with
DM. Cytotoxicity was evaluated after 24h incubation. (A) Nalm6-GD2sGD3s were infused into
Mice (Group A) on Day0 and DM-treated CAR-T cells were injected on Day7. Tumor volume
was evaluated on Day10 and Day17 respectively. (B)

Meanwhile, we collected CAR-T cells from peripheral blood and stimulated them in vitro to evaluate
cytokine secretion. (Figure5A) DM-treated CAR-T cells did not significantly affect Cytokine secretion,
and similar results were obtained in dominate-negative PRKAA1 CAR-T cells in vitro. (Figure5B)
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Figure 5. 14g2a CAR-T cells were collected from PB and cytokine was evaluated after stimulation
in vitro. (A) Cytokine secretion of DN-PRKAA1 CAR-T cells were evaluated in vitro. (B)

To evaluate the effect on T cell exhaustion, we stimulated 14g2a CAR-T cells several times to lead T
cells into exhaustion status. We defined T cell exhaustion by exhaustion surface markers such as PD1,
LAG3, and TIM3. DM-treated CAR-T cells showed a mild effect on T cell exhaustion after one-time
stimulation. (Figure6A) But it had no additive effect on T cell exhaustion after 3-time stimulation.
(Figure6B)
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Figure 6. 14g2a CAR-T cells were stimulated for one-time (A) and 3-time (B). Exhaustion markers
were evaluated respectively in vitro.

Finally, we performed qPCR to evaluate the transcription factors changes after DM treatment on CAR-
T cells and compared them with control. Interestingly, the result showed a difference from what we
observed above. DM-treated CAR-T cells had no additive-enhanced effect on memory markers except
IL7R. And it had effective suppression on exhaustion markers. (Figure7)
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Figure 7. qPCR was performed after 14g2a CAR-T cells were stimulated and treated with or
without DM. CCR7, SELL, TCF7 and IL7R were represented as memory markers and PDCD1,
LAG3 and HAVCR?2 were represented as exhaustion markers.

After considering the results above, we can make a conclusion that CAR-T cells treated with
dorsomorphin, a selective AMP-activated protein kinase (AMPK) inhibitor, significantly maintained
a young memory phenotype and prolonged CAR-T cell persistence in mice without affecting
proliferative capacity. But it had no additive effect on cell cytotoxicity and tumor growth inhibition.
In addition, it can hardly suppress T cell exhaustion after several times of stimulation. The mechanism

of the role of the AMPK pathway in T cell functional effect needs to be investigated further under
current research.






