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3D tumor spheroids promote activation, expansion, and
anti-tumor effects of tumor-infiltrating lymphocytes in vitro
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GAO Yunhe?, XIONG Zhuo®', CHEN Lin"*"
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Beijing 100089, China

Abstract: The adoptive immunotherapy mediated by tumor-infiltrating lymphocytes (TILs) has
shown definite efficacy against various solid tumors. However, the inefficiency of the
conventional method based on in vitro expansion of TILs fails to achieve the cell count and high
tumor-killing activity required for therapeutic purposes. This study investigated the effect of 3D
tumor spheroids on the activation and expansion of TILs in vitro, aiming to provide a novel
approach for the expansion of TILs. We procured TILs and primary tumor cells from surgical
samples of lung cancer patients and then compared the impacts of lung cancer cell line
NCI-H1975 and primary lung cancer cells cultured under 2D and 3D conditions on the activation,
expansion, and anti-tumor activity of TILs. Furthermore, we added the programmed cell death
protein 1 (PD-1) antibody into the co-culture of primary tumor cells and TILs within a 3D
environment to assess the effects of the antibody on TILs. The results showed that compared with
2D cultured tumor cells, the 3D cultured H1975 cells significantly enhanced the expansion of
TILs, increasing the proportion of CD3"/CDS8" cells in TILs to 61.6%. The 3D primary tumor
model also enhanced the proportion of CD3"/CD8" cells in TILs (45.5%, 54.4%), induced
apoptosis of tumor epithelial cells and decreased the overall tumor cells survival rate (16.7%)
after co-culture. PD-1 antibodies further improved the in vitro expansion capacity of TILs
mediated by 3D tumor spheroids, resulting in the proportions of 50.9% and 57.0% for CD3"/CD8"
cells and enhancing the antitumor activity significantly (reducing the overall tumor survival rate
to 9.36%). In summary, the use of 3D tumor spheroids significantly promoted the expansion and
improved the anti-tumor effect of TILs, and the use of the PD-1 antibody further promoted the
expansion and tumor-killing effect of TILs.

Keywords: 3D culture; tumor model; tumor-infiltrating lymphocytes; T-cell expansion in vitro;
programmed cell death protein 1
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Table 1 The concentration of each component in
the medium
Regents for cell culture Final
concentration
GlutaMAX 1% (V/V)
B-27 supplement (50x) 1%
N2 supplement (100x) 1x
EGF 40 ng/mL
Human FGF-basic 200 ng/mL
Wnt3A 50 ng/mL
Recombinant human noggin 50 ng/mL
Recombinant human R-spondinl 500 ng/mL
Y-27632 10 pmol/L
A83-01 2 umol/L
SB202190 3 umol/L
Penicillin/Streptomycin/Amphotericin B, 1% (V/V)
sterile solution
IL-2 2 500 IU/mL
CD3 antibody 30 ng/mL
CD28 antibody 20 ng/mL
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Figure 1 The fabrication process and live/dead staining images of 3D tumor spheres. A: The fabrication

process of 3D tumor spheres. B: Bright field images of 3D-H1975 tumor spheres. C: Live/dead staining images
of 3D-H1975 tumor spheres.
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Figure 2 Comparison of the effect of three methods on the expansion ability of TILs. A: Bright field images
of comparing the effects of three methods on the expansion ability of TILs. B: Statistical diagram of the
comparison of the effects of three methods on the expansion ability of TILs (***: P<0.001, one-way
ANOVA).
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Figure 3 Comparison of the effect of three methods on T cell subsets in TILs. A: The effect of three methods

on the proportion of CD3"/CD8"cells detected by flow cytometry. B: Statistical diagram of the effects of three
methods on the proliferation of CD3"/CDS8" cells (*: P<0.05; ***: P<0.001, t-test).
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Figure 4 Effect of Ge]MA material on TILs’ expansion. A: The change of TILs proliferation before and after

GelMA empty spheres were added. B: Statistical graph of TILs proliferation before and after adding GeIMA
empty spheres (ns: P>0.05, t-test).
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Figure 5 Effects of addition of 3D primary tumor spheres and PD-1 antibody on the expansion and T cell subsets of

TILs. A, B: Bright field images of TILs expansion after adding 3D primary tumor spheres and PD-1 antibody. C, D:
Statistical diagram of TILs changes after adding 3D primary tumor spheres and PD-1 antibody. E, F: Flow cytometry

results of TILs activation after adding 3D primary tumor spheres and PD-1 antibody (***: P<(.001, t-test).
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6 PD-1#{FR RIS TILs X 3D RAMBIKIERBISNE  A: PD-1 FUHAEIRATS TILs XJ 3D Jstf U
FABRAE AL & B: PD-1 HUfRAbBEAT IS TILs Xt 3D JFUARIRIER I AR (b TG SE YL (. C: PD-141
PRALFRFT IS TILs XF 3D JEAC MR BRI i S e 5 &, D: ¥ TILs. PD-1 Hifdxt 3D Mgk b R A7 61
DL AR ISR, E: %SAN TILs, PD-1 HUMXT 3D g eRaffa ) i it A 45 58, F: %S
TILs. PD-1#iHxt 3D MR BRANM IR T2 M IR 2 IS SR G (F* . P<0.01; ***: P<0.001, t-Fa%)

Figure 6 Effect of activated TILs on 3D primary tumor spheres before and after PD-1 antibody treatment. A:
Bright field images of the change of activated TILs on 3D primary tumor spheres before and after PD-1
antibody treatment. B: Live and dead staining of the effect of activated TILs on 3D primary tumor spheres
before and after PD-1 antibody treatment. C: Immunofluorescence images of activated TILs’ infiltration on 3D
primary tumor spheres before and after PD-1 antibody treatment. D: Flow cytometry results of the effects of
adding TILs and PD-1 antibodies on the survival of 3D tumor spheres. E: Flow cytometry results of the effects
of addition of TILs and PD-1 antibody on apoptosis of 3D tumor spheres. F: Statistical diagram of flow

detection results of the effects of addition of TILs and PD-1 antibody on apoptosis of 3D tumor spheres (**:
P<0.01; ***: P<0.001, t-test).
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