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Abstract: Chimeric antigen receptor (CAR) T-cell therapy is mostly limited to hematological malignancies and has a poor

effect on solid tumors. CAR T cells as a kind of immune cell may be affected by some immunomodulatory drugs such as

pomalidomide, so the use of pomalidomide may improve the effect of CAR T cells on solid tumors. In this study, CD133-

or HER2-specific CAR T cells were chosen to investigate whether pomalidomide can regulate the function of CAR T cells

in vitro. We found that pomalidomide can significantly enhance the ability of CD133-CAR T cells and HER2-CAR T cells

to kill tumor cells and increase the cytokine secretion of CD133-CAR T cells and HER2-CAR T cells. Also, pomalidomide

was shown to induce down-regulation of protein levels of IL-2 transcriptional repressors Aiolos and Ikaros in CAR T cells.

This study suggests that the combination of pomalidomide and CAR T cells may be a new strategy for the treatment of

solid tumors.

Introduction

Chimeric antigen receptor (CAR) T cell therapy is mainly
performed by genetically engineering T cells of patients or
donors in vitro so that they can specifically recognize and
destroy tumor cells when transferred into patients (Sadelain
et al., 2013). In 2017, the US Food and Drug Administration
(FDA) approved the first CAR T cell therapy for the
treatment of CD19-positive relapsed or refractory B-cell
acute lymphoblastic leukemia (B-ALL) (June et al., 2018).
However, there are few reports on CAR T cell therapy
successfully treating solid tumors, which may be caused by a
variety of factors, including very less tumor-specific targets
available for designing CARs, the depletion of T cells during
trafficking in vivo, CAR T cell functional impairment, and
inhibition of tumor microenvironment. Among them, the
tumor microenvironment has an essential effect on the
activity, persistence, and migration of T cells (Kershaw
et al., 2013). Therefore, improving tumor microenvironment
and maintaining T cell activity may promote the antitumor
effects of CAR T cells.

Immunomodulatory drugs (IMiDs) such as thalidomide
and its analogs have shown antitumor activity in
hematological and solid tumors (Engelhardt et al., 2014;
Holstein and McCarthy, 2017). These compounds function
in part by inhibiting tumor angiogenesis (Dredge et al.,
2002; Dredge et al., 2005). Moreover, thalidomide and its
analogs are effective co-stimulators of T cell activation,
which can increase cytokine secretion (Payvandi et al., 2005).

Pomalidomide (CC-4047, Actimid; Celgene
Corporation, Warren, NJ, USA) is a third-generation
immunomodulatory drug. It can not only regulate T cell
function but also improve the tumor microenvironment (Li
et al., 2013; Gandhi et al., 2014). However, there are few
reports about the combination of pomalidomide and CAR T
cells in the treatment of solid tumors. In this study, CD133,
which is a defined cancer stem cell marker, and HER2,
which is over-expressed on many solid tumors, were chosen
as the targets on tumor cells. Two third-generation CAR T
cells (Zhu et al., 2015), which were specific to CD133 or
HER2, were used as effector cells. U251 CD133-OE luc
(human glioma cell transfected with firefly luciferase gene
and overexpressing CD133) or MDA-MB-453 luc (human
breast cancer cell expressing firefly luciferase) was chosen as
the corresponding target cell. We investigated the regulatory
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effect of pomalidomide on the functions of CD133- and
HER2-CAR T cells against solid tumor cells in vitro.
Pomalidomide was found to significantly enhance the
cytotoxicity and cytokine secretion of both CAR T cells.

Materials and Methods

Cells and compounds
Frozen human peripheral blood mononuclear cells (PBMCs)
from healthy donors were purchased from ALLCELLS
(PB005F, Alameda, CA, USA). The glioma cell line U251
(named as U251-WT) and the human breast cancer cell
lines MDA-MB-453 and MDA-MB-468 were purchased
from the Cell Bank of the Chinese Academy of Sciences
(Shanghai, China). U251-WT was nucleofected with a
piggyBac transposon plasmid encoding human CD133
protein and a piggyBac transposase vector to obtain U251
CD133-OE that overexpressed CD133 through drug
selection. U251 CD133-OE was nucleofected again with a
transposon plasmid encoding firefly luciferase and a
piggyBac transposase vector to acquire U251 CD133-OE luc
that express luciferase. Similarly, U251-WT, MDA-MB-453,
and MDA-MB-468 were nucleofected with a transposon
plasmid encoding the firefly luciferase and a piggyBac
transposase vector to obtain U251-WT luc, MDA-MB-453
luc, and MDA-MB-468 luc (Hu et al., 2019). The method
for preparing CD133-CAR or HER2-CAR T cells has been
described in detail in our previous work (Zhu et al., 2015).
Briefly, the piggyBac transposon plasmid expressing CD133-
CAR or HER2-CAR and the piggyBac transposase plasmid
were co-delivered into PBMC, and CD133-CAR T cells or
HER2-CAR T cells were obtained through drug selection and
T cell expansion. The HER2-CAR expression vector was
constructed based on the CD133-CAR piggyBac transposon
plasmid. Through gene synthesis and conventional molecular
cloning methods, the anti-CD133 scFv in CD133-CAR was
replaced with the scFv derived from the anti-HER2 (clone
4D5) antibody (Morgan et al., 2010). The control cells were
nontransfected T (NT) cells, and their preparation methods
were similar to CAR T cells, but the steps of nucleofection
and drug selection were avoided. Pomalidomide was
purchased from MCE (HY-10984, Monmouth Junction, NJ,
USA) and dissolved in dimethyl sulfoxide (DMSO) at a
concentration of 10 mM and stored at −80°C.

Cytotoxicity assay
U251 CD133-OE luc (or U251-WT luc) tumor cells were
seeded into 96-well white microplates (PerkinElmer,
Waltham, MA, USA) at 104 cells per well. According to
different effector to target ratios, CD133-CAR T cells were
added. At the same time, pomalidomide was added (final
concentrations were 0.1 μM, 1 μM, and 10 μM, respectively)
into the wells, and the co-culture volume was 200 μL per
well. After co-culture in T cell culture medium for 72 h,
0.75 mg/mL D-luciferin K+ salt (PerkinElmer, 122799) was
added, and the signal was detected using an EnSpire
Multimode plate reader (PerkinElmer). The percentage of
target cell death was calculated according to the following
formula: Lysis (%) = (1 − fluorescence value of co-culture
well/fluorescence value of tumor cell alone well) × 100.

Similarly, MDA-MB-453 luc (or MDA-MB-468 luc) tumor
cells were seeded into plates at 104 cells/well, and
pomalidomide and HER2-CAR T cells were added. After
24 h of incubation, the luciferase substrate was added to
detect tumor signals, and then the killing rate was calculated.

Cytokine secretion
105 tumor cells (U251 CD133-OE luc or MDA-MB-453 luc)
were seeded in a 96-well plate, and CD133- or HER2-CAR
T cells were added at an effector-to-target ratio of 2:1.
Pomalidomide was further added at a final concentration of
1 μM and with a co-culture volume of 200 μL for 24 h. The
supernatant was collected, and the cytokine concentration
was measured according to the instructions of AlphaLISA
kits from PerkinElmer (IL-2, AL221C; IFN-γ, AL217C;
TNF-α, AL208C; GM-CSF, AL216C). For the cytokine
secretion assay of NT cells, 2 × 105 NT cells were seeded
into a 96-well plate, and T Cell TransActTM human (Miltenyi
Biotec GmbH, Cologne, NRW, Germany) was used as an
activator according to the instructions from the
manufacturer and pomalidomide was added. After 24 h of
incubation, the supernatant was collected and tested. The
concentration of each cytokine was expressed as the mean
of three replicates.

Cell proliferation
T cells (HER2-CAR T cells, CD133-CAR T cells, or NT cells)
were labeled with 0.5 μM carboxyfluorescein diacetate
succinimidyl ester (CFSE; 65-0850-84, Thermo Fisher
Scientific, Waltham, MA, USA) following the instruction for
the use of CFSE. In the CAR T cell proliferation
experiments, target cells (MDA-MB-453 luc or U251
CD133-OE luc) were irradiated with 70 Gy X-ray
(RS2000PRO, Rad Source Technologies, Buford, GA, USA).
The CFSE-labeled CAR-T cells (HER2-CAR or CD133-
CAR) and the corresponding irradiated tumor cells (5 × 105

cells/well) were plated according to an effector to target
ratio of 2:1 with a total volume of 1 mL, and pomalidomide
(1 μM) was added. After four days, cells were washed with
FACS buffer (PBS containing 0.5% BSA and 2 mM EDTA),
centrifuged, and resuspended in FACS buffer. Finally, CFSE
signal intensity was analyzed on a CytoFLEX instrument
(Beckman Coulter, Fullerton, CA, USA) by flow cytometry.
NT cells were labeled with CFSE and seeded into a 24-well
plate at 1 × 106 cells/well. T Cell TransActTM human as the
activator, and pomalidomide, were added. Four days later,
NT cell proliferation was analyzed by flow cytometry.

Western blot
NT cells, HER2-CAR T cells, and CD133-CAR T cells were
seeded into a 24-well plate at 2 × 106 cells per well, and
different concentration of pomalidomide (1 μM or 10 μM)
was added. NT cells were divided into unstimulated and
activated groups. In the activated group, NT cells were
activated by T Cell TransActTM human. After 48 h, all the
cells were collected, washed once with PBS, and then
sonicated three times (5 seconds per time). Sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was
used to separate the proteins in the samples. Then the
proteins were transferred onto a membrane using the
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semi-dry method (15 V, 30 min). After blocking with 5% BSA
for 2 h, the membranes were incubated with anti-Aiolos
(NBP2-24495SS, Novus, USA), anti-Ikaros (sc-398265, Santa
Cruz Biotechnology, Santa Cruz, CA, USA) or anti-GAPDH
(sc-32233, Santa Cruz Biotechnology) antibodies at 4°C
overnight. Finally, the membranes were incubated with
peroxidase-conjugated AffiniPure Donkey Anti-Rabbit IgG
(H + L) (JAC-711-035-152, Jackson, USA) or peroxidase-
conjugated AffiniPure Donkey anti-mouse IgG (H + L)
(JAC-715-035-150, Jackson, USA) at room temperature for
1 h. The target protein signal was detected on Biorad
Imager (Bio-Rad, Hercules, CA, USA).

Statistical analysis
The calculation of the killing efficiency and the mean value of
cytokine concentration was done using Excel. GraphPad
Prism version 6.0 (GraphPad Software, San Diego, CA,
USA) was used to do statistical analysis. Multiple t-tests
-one per row was used to analyze the data from cytotoxicity
and cytokine secretion assay, and p < 0.05 was considered
statistically significant. Cell proliferation results were
analyzed using FlowJo V-10 (BD Biosciences, Bedford, MA,
USA). All experiments were repeated at least three times.

Results

Pomalidomide enhanced the functions of CD133-CAR T cells
against glioma cells
To investigate the effect of pomalidomide on the cytotoxicity
of CD133-CAR T cells against tumor cells, CD133-CAR T
cells were co-cultured with U251 CD133-OE luc tumor cells
according to different effector to target ratios, and
pomalidomide (0.1 μM, 1 μM, 10 μM) was added. After
72 h, the killing efficiency was determined by measuring the
fluorescence intensity of tumor cells in each group. At the
same pomalidomide concentration, the killing rate of
CD133-CAR T cells increased with the increase of the
effector to target ratio (E:T). When E:T was 2:1, the killing
efficiency of each concentration of the pomalidomide group
was significantly improved (Fig. 1a) compared with the
DMSO group. When E:T was 1:1 or 1:2, only a lower
concentration of pomalidomide (0.1 μM or 1 μM) increased
the killing efficiency of CD133-CAR T cells. When E:T was
constant, 1 μM pomalidomide had the strongest regulatory
effect on the cytotoxicity of CD133-CAR T cells. In
addition, if U251-WT luc (glioma cells with low expression
of CD133 antigen) as target cells were co-cultured with
CD133-CAR T cells, pomalidomide did not affect the killing
function of CAR T cells, which means that pomalidomide
does not induce non-specific killing activities from CD133-
CAR T cells in the case that T cells are not activated.

To further study the effect of pomalidomide on the
cytokine secretion of CD133-CAR T cells, U251 CD133-OE
luc tumor cells and CD133-CAR T cells were co-cultured in a
plate. And 1 μM pomalidomide was added. After 24 h, the
supernatant was taken to detect the concentration of cytokines
(IFN-γ, IL-2, TNF-α, and GM-CSF) secreted by CD133-CAR
T cells according to the method provided by the AlphaLISA
kits. There was no significant difference between the DMSO
group and the R10 group (culture medium control). However,

pomalidomide can significantly promote the secretion of four
cytokines from CD133-CAR T cells (Fig. 1b).

To determine whether pomalidomide affected the
proliferation of CD133-CAR T cells, CFSE-labeled CD133-
CAR T cells and irradiated U251 CD133-OE luc cells were
seeded into a plate at an effector to target ratio of 2:1, and
1 μM pomalidomide was added. After four days of co-culture,
the signal intensity of CFSE in CD133-CAR T cells was
detected by flow cytometry. As shown in Fig. 1c, the peak of
CFSE in the DMSO group shifted slower than the R10 group
to the left, and the median value was higher, which means
DMSO may inhibit the proliferation of CD133-CAR T cells.
Compared with the DMSO group, the peak value of the CFSE
signal in the pomalidomide group shifted significantly to the
left, and the median decreased. Therefore, pomalidomide
could promote the proliferation of CD133-CAR T cells.

Pomalidomide also increased the activity of HER2-CAR T cells
To investigate the effect of pomalidomide on the function of
different CAR T cells, we continued to study HER2-CAR
T cells.

First, the effect of pomalidomide on the cytotoxicity of
HER2-CAR T cells was analyzed. HER2-CAR T cells and
MDA-MB-453 luc cells were co-cultured according to two
different effector to target ratios

(E:T), and pomalidomide was added. The fluorescence
value of tumor cells was detected 24 h later. As shown in
Fig. 2a, under the same pomalidomide concentration, the
killing efficiency of HER2-CAR T cells increased with
the increase of the E:T ratio. At the same E:T ratio, when
the compound concentration is 0.1 μM or 1 μM, the killing
efficiency of the pomalidomide group is significantly
improved compared with the DMSO group; and the killing
rate is highest when the pomalidomide concentration is
1 μM. When MDA-MB-468 luc (breast cancer cell with low
HER2 antigen expression) was targeted, pomalidomide did
not affect the killing function of HER2-CAR T cells.

To know whether pomalidomide affected the cytokine
secretion of HER2-CAR T cells, pomalidomide was added to
the co-culture of HER2-CAR T cells and MDA-MB-453 luc
cells, and the cytokine concentration was measured after
24 h. DMSO did not affect the secretion of IL-2, TNF-α,
GM-CSF, and IFN-γ by HER2-CAR T cells. However, when
the pomalidomide group was compared with the DMSO
group, the levels of all four cytokines secreted by HER2-
CAR T cells were significantly increased (Fig. 2b).

In addition, we also analyzed the effect of pomalidomide
on the proliferation of HER2-CAR T cells. CFSE-labeled
HER2-CAR T cells were co-cultured with irradiated MDA-
MB-453 luc cells in a 24-well plate with pomalidomide
added. After four days, changes in CFSE signal intensity were
detected by flow cytometry. DMSO did not affect the
proliferation of HER2-CAR T cells. However, compared with
the DMSO group, the pomalidomide group had an inhibitory
effect on the proliferation of HER2-CAR T cells (Fig. 2c).

Pomalidomide regulating the function of activated T cells
without CAR
To further explore whether the activation way would affect the
regulation of pomalidomide on T cells, we also investigated
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nontransfected T (NT) cells, which did not express CAR on
the surface.

First, whether pomalidomide affected cytokine secretion
of NT cells was studied. NT cells and T Cell TransActTM

human (Miltenyi Biotec GmbH) as activator were co-
cultured in a plate, and pomalidomide was added. After 24
h, cytokine secretion was detected. DMSO still did not affect
the cytokine secretion of NT cells, but pomalidomide
significantly promoted the secretion of IL-2, TNF-α, GM-
CSF, and IFN-γ by NT cells (Fig. 3a).

We then explored the effect of pomalidomide on NT cell
proliferation. CFSE-labeled NT cells were cultured in 24-well
plates, and the activator and pomalidomide were added. After
four days, the signal intensity of CFSE was measured using a

flow cytometer. DMSO did not affect the proliferation of NT
cells, while pomalidomide inhibited the proliferation of NT
cells (Fig. 3b).

Pomalidomide could induce the degradation of Aiolos and
Ikaros in CAR T cells
Previous mechanism studies have shown that the protease
cereblon is one of the targets of pomalidomide. Within T cells,
pomalidomide promotes the binding of Aiolos and Ikaros to
cereblon, which makes Aiolos and Ikaros ubiquitinated and
degraded by the proteasome (Gandhi et al., 2014). To confirm
the effect of pomalidomide on the degradation of Aiolos and
Ikaros in CAR T cells, NT, CD133-CAR T, or HER2-CAR
T cells were cultured with pomalidomide or DMSO for 48 h

FIGURE 1. Pomalidomide enhanced CD133-CAR T cell function. (a) CD133-CAR T cells were co-cultured with U251 CD133-OE luc tumor
cells or U251-WT luc tumor cells according to different effector to target ratio, and pomalidomide (0.1 μM, 1 μM, or 10 μM) was added. After
72 h, the tumor signal was detected, and the killing rate of CD133-CAR T cells was calculated. Pom, pomalidomide; OE alone, U251 CD133-
OE luc alone; WT alone, U251-WT luc alone; *p < 0.05 by multiple t-tests-one per row. (b) CD133-CAR T cells were co-culture with U251
CD133-OE luc tumor cells, and 1 μM pomalidomide or DMSO at equal dilution was added. After 24 h, the supernatant was taken, and the
concentrations of four cytokines, including IL-2, TNF-α, GM-CSF, and IFN-γ, were measured according to the instructions of the AlphaLISA
kits. *p < 0.05. (c) CFSE-labeled CD133-CAR T cells were co-cultured with irradiated U251 CD133-OE luc tumor cells for four days, then the
CFSE signal intensity was detected by flow cytometry. The histogram below shows the median of CFSE in the pomalidomide group (red),
DMSO group (blue), or R10 group (orange).
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and then lysed using ultrasound, and Aiolos and Ikaros were
detected by western blotting. As shown in Fig. 4,
pomalidomide significantly induced Aiolos and Ikaros
degradation within the three types of T cells.

Discussion

In this study, we found that pomalidomide could promote the
cytotoxicity of HER2-CAR T cells and CD133-CAR T cells,
and the enhancement of the killing was most significant
when the concentration of pomalidomide was 1 μM.
However, pomalidomide did not affect the killing function
of HER2-CAR T cells and CD133-CAR T cells when they
were not activated. Pomalidomide also significantly
promoted the secretion of IL-2, TNF-α, GM-CSF, and
IFN-γ by CD133-CAR T cells, HER2-CAR T cells, and NT

cells. Pomalidomide only promoted the proliferation of
CD133-CAR T cells, but it inhibited the proliferation of
HER2-CAR T cells and NT cells. The reason for this is still
to be discovered. Furthermore, we also confirmed that
pomalidomide could indeed induce the degradation of
Aiolos and Ikaros proteins in NT cells, HER2-CAR T cells,
and CD133-CAR T cells.

CAR T cells still face many challenges in the treatment of
solid tumors, one of which is the inhibitory effect of tumor
microenvironment on T cells. The small molecule
compound pomalidomide used in our study may improve
the tumor microenvironment in many ways. First,
pomalidomide may inhibit tumor angiogenesis, affect the
polarization status of macrophages, and increase the number
of NK cells, which have been reported in lymphoma mouse
models (Reddy et al., 2008; Li et al., 2013). Second, previous

FIGURE 2. Effect of pomalidomide on HER2-CAR T cell function. (a) HER2-CAR T cells and MDA-MB-453 luc (or MDA-MB-468 luc)
tumor cells were co-cultured according to different effector to target ratio, and pomalidomide was added. After 24 h, the killing rate of
HER2-CAR T cells was analyzed. 453 alone, MDA-MB-453 luc alone; 468 alone, MDA-MB-468 luc alone; *P < 0.05. (b) HER2-CAR
T cells were co-cultured with MDA-MB-453 luc tumor cells for 24 h, and the supernatant was taken to detect the concentrations of four
cytokines secreted by HER2-CAR T. *p < 0.05. (c) CFSE-labeled HER2-CAR T cells and irradiated MDA-MB-453 luc tumor cells were co-
cultured. After four days, the CFSE signal intensity in the HER2-CAR T cells was detected by flow cytometry. The lower panel shows the
median of CFSE intensity from each group, and red, blue, and orange histograms indicate pomalidomide, DMSO, and R10 groups, respectively.
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studies have shown that pomalidomide can directly or
indirectly regulate T cells and enhance their functions. For
example, increased levels of IL-2 and TNF-α secretion were
detected in T cells when human PBMCs (peripheral blood
mononuclear cells) were activated by CD3 antibody and
treated with pomalidomide in vitro (Marriott et al., 2002).
This is consistent with our findings on cytokine secretion.
Furthermore, pomalidomide inhibits PD-L1 expression on
cancer cells so as to enhance T cell-mediated tumor killing
(Fujiwara et al., 2018). Our in vitro results also show that
pomalidomide can indeed significantly improve the killing
efficiency of CAR T cells to tumor cells. However,

pomalidomide was not found to regulate either the PD-L1
expression on the cell lines we used or PD-1 on CAR T cells
supplementary data, which meant PD-1/PD-L1 signaling
was not the main mechanism in our findings. In addition,
pomalidomide promoted the proliferation of CD133-CAR
T cells in our study. Therefore, pomalidomide has the
potential to improve CAR T cell treatment of solid tumors
by restoring the loss of CAR T cell functions, but some
questions remain to be answered, such as direct molecular
mechanisms related to pomalidomide regulating CAR T cell
function and whether pomalidomide will enhance the
efficacy of CAR T cells in vivo.

FIGURE 3. Effect of pomalidomide on the function of nontransfected T (NT) cells, which did not express CAR. (a) NT cells were activated,
and pomalidomide was added. After 24 h of culture, the supernatant was taken to detect the concentrations of four cytokines, including IL-2,
TNF-α, GM-CSF, and IFN-γ. *p < 0.05. (b) CFSE-labeled NT cells were cultured with pomalidomide for four days after activation. CFSE signals
were detected by flow cytometry. The histogram below shows the median CFSE intensity of each group.

FIGURE 4. Pomalidomide induced
degradation of Aiolos and Ikaros
proteins in CAR-T cells. NT cells,
CD133-CAR T cells, and HER2-CAR
T cells, were treated with 1 μM or
10 μM pomalidomide and cultured
for 48 h, respectively. Cells were
collected, and the expression of
Aiolos, Ikaros, and GAPDH was
detected by western blotting. Pom,
pomalidomide; Pom−, DMSO;
Stimuli +, TransAct-activated cells;
Stimuli -, unstimulated cells.
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In terms of target research, the protease cereblon has been
confirmed as a direct target of pomalidomide by several studies.
The combination of pomalidomide and cereblon can promote
the recruitment of IL-2 transcriptional repressors Ikaros and
Aiolos, resulting in their ubiquitination, further degradation
within hours, and increased secretion of IL-2 (Gandhi et al.,
2014; Kronke et al., 2014). The effect of pomalidomide on the
degradation of Ikaros and Aiolos has also been demonstrated
in our western blot experiments.

Pomalidomide’s inhibitory effect on solid tumor cells
may also confer CAR T cells treating solid tumors with
better results. Pomalidomide can be used in combination
with other drugs to enhance the inhibition of solid tumor
cells. In vitro studies showed that the combined use of
pomalidomide and docetaxel could enhance docetaxel’s
killing effect on prostate tumor cell lines (Zhu et al., 2008).
The combination therapy of pomalidomide and other drugs
has been validated in mouse models. Pomalidomide could
enhance the activity of gemcitabine/nab-paclitaxel against
pancreatic cancer cells in vitro and in vivo (Saito et al.,
2018). In the mice with orthotopic pancreatic cancer
xenograft, the combination of Gem/S1 (gemcitabine and S1)
and pomalidomide could also improve the antitumor effect
compared with monotherapy (Shirai et al., 2018). That
provides directions and possibilities for adding additional
drugs in our future research.

More importantly, pomalidomide has been used in many
clinical trials. In phase 1 clinical trial, pomalidomide in
combination with gemcitabine was given to patients with
metastatic pancreatic cancer, and serum CA 19-9 levels in
10 patients were reduced by at least 50% (Infante et al.,
2011). In terms of hematological malignancies, the
combination of pomalidomide and low-dose dexamethasone
in clinical studies could extend the average overall survival
(OS) of patients with relapsed/refractory multiple myeloma
(MM), and the combination is generally well tolerated
(Richardson et al., 2014; Dimopoulos et al., 2016;
Dimopoulos et al., 2018).

The above research shows that pomalidomide can not
only directly inhibit tumor growth but also regulate T cell
function. Further, it has been used in treating solid tumors
in vitro, in mice, and in clinical studies with certain safety.
Moreover, our results also show that when pomalidomide is
used in combination with CD133-CAR T and HER2-CAR
T cells, respectively, it can increase the secretion of cytokines
in both CAR T cells and significantly improve their
cytotoxicity against tumor cells. Therefore, the combination
of pomalidomide and CAR T cells to improve the efficacy of
CAR T cells against solid tumors is expected to be applied to
mice experiments and clinical trials in future studies.
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Supplementary Data

SUPPLEMENTARY FIGURE. Pomalidomide has no significant effect on the expression of PD-1 on CAR T cells and PD-L1 on tumor cells.
(Top) CD133 CAR T cells and HER2-CAR T cells were activated with U251 CD133-OE luc and MDA-MB-453 luc cells, respectively.
Meanwhile, pomalidomide was added, and DMSO or culture medium (R-10) was used as control. After two days, PD-1 on T cells was
detected by flow cytometry using an anti-PD-1 antibody (PE Mouse Anti-Human CD279, BD Pharmingen). (Bottom) U251 CD133-OE
luc or MDA-MB-453 luc was treated with pomalidomide, DMSO, or culture medium (D-10) for two days. Cells were stained with an anti-
PD-L1 antibody (PE Mouse Anti-Human CD274, BD Pharmingen), and then detected by flow cytometry.
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