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Adipocytes Encapsulating Telratolimod Recruit and Polarize
Tumor-Associated Macrophages for Cancer Immunotherapy

Di Wen, Tingxizi Liang, Guojun Chen, Hongjun Li, Zejun Wang, Jinqiang Wang,
Ruxing Fu, Xiao Han, Tianyuan Ci, Yuqi Zhang, Peter Abdou, Ruoxin Li, Linlin Bu,
Gianpietro Dotti, and Zhen Gu*

Tumor-associated adipocytes (TAAs) recruit monocytes and promote their
differentiation into tumor-associated macrophages (TAMs) that support
tumor development. Here, TAAs are engineered to promote the polarization of
TAMs to the tumor suppressive M1 phenotype. Telratolimod, a toll-like
receptor 7/8 agonist, is loaded into the lipid droplets of adipocytes to be
released at the tumor site upon tumor cell-triggered lipolysis. Locally
administered drug-loaded adipocytes increased tumor suppressive M1
macrophages in both primary and distant tumors and suppressed tumor
growth in a melanoma model. Furthermore, drug-loaded adipocytes improved
CD8+ T cell-mediated immune responses within the tumor microenvironment
and favored dendritic cell maturation in the tumor draining lymph nodes.

1. Introduction

Tumor-associated adipocytes (TAAs) recruit circulating mono-
cytes within the tumor and promote their differentiation
into macrophages.[1–4] In turn, tumor-associated macrophages
(TAMs) exhibit a characteristic M2 phenotype, which promotes
tumor development at least in part by inhibiting cytotoxic T
lymphocytes (CTLs) and recruiting regulatory T cells (Tregs).[5–7]

In contrast, macrophages with M1 polarization secret pro-
inflammatory cytokines and contribute directly to eliminating
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tumor cells by phagocytosis.[8,9] In gen-
eral, M2 macrophages prevail in many
solid tumors, leading to an immunosup-
pressive tumor microenvironment (TME)
that reduces the antitumor effects of
immunotherapy.[10,11] Therefore, a variety
of immunomodulatory agents have been
developed to convert TAM from M2 polar-
ization to the tumoricidal M1 phenotype.
These agents modulate macrophages via
binding with receptors such as toll-like
receptors (TLR), which recognize struc-
turally conserved molecules and stimulate
the innate immune response.[12–14] De-
spite encouraging therapeutic outcome in
ongoing clinical trials, the development

of drug delivery approaches that specifically target and polarize
TAMs within the tumor are desirable to enhance efficacy whilst
controlling toxicity.[15] Meanwhile, cytokine storm caused by TLR
agonists needs to be carefully addressed to avoid severe morbidity
and mortality.[16]

Herein, we described an adipocyte-based drug delivery sys-
tem that promotes the M1 polarization of TAMs (Figure 1).
Specifically, telratolimod, a lipid-conjugated TLR 7/8 agonist,
was encapsulated into the lipid droplets of adipocytes without
compromising the lipid accumulation and physiologic functions
of the adipocytes. Telratolimod-loaded adipocytes boosted the
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Figure 1. Schematic of the adipocyte-based telratolimod drug delivery system for cancer immunotherapy. Engineered adipocytes recruit and stimulate
the proliferation of macrophages that are also polarized to tumor suppressive M1 macrophages.

recruitment of macrophages within the TME, released telra-
tolimod via activation of the fatty acid binding protein 4, and in-
duced M1 polarization of TAMs. Furthermore, telratolimod pro-
moted the maturation of dendritic cells (DCs) within the tumor-
draining lymph nodes, leading to a subsequent T cell-mediated
antitumor immune response.

2. Results and Discussions

2.1. TLR 7/8 Agonist Induced the M1 Polarization of
Macrophages

We co-cultured bone marrow-derived macrophages with B16F10
melanoma cells in a transwell system. B16F10 cells promoted
the growth of macrophages (Figure S1A, Supporting Informa-
tion) with M1 polarization (Figure S1B, Supporting Information)
and decreased the number of macrophages with M2 phenotype
(Figure S1C, Supporting Information). In contrast, macrophages
suppressed melanoma cell growth without direct contact (Figure
S1D, Supporting Information). TLR 7/8 is expressed in intracel-
lular endosomes of macrophages, DCs, natural killer cells, and
epithelial cells. Several small molecule TLR 7/8 agonists have

been identified as potential anticancer agent via M1 macrophage
polarization and increased phagocytosis.[17,18] Among these com-
pounds, resiquimod has been applied to several clinical trials and
the clinical efficacy has been demonstrated.[19,20] In this study,
telratolimod, a small molecule analog of resiquimod with lipid
conjugation, was used to polarize macrophages. This drug has
been widely used as an adjuvant for the research of cancer im-
munotherapy and vaccines for HIV and SARS-CoV-2.[21,22] Sim-
ilar to B16F10, telratolimod promoted the growth and M1 polar-
ization of macrophages, while significantly decreased the subset
of M2 macrophages (Figure 2A,B; Figure S1A–D, Supporting In-
formation). Activation of TLR 7/8 stimulates type 1 interferon-
mediated immune responses and anti-tumor effects.[23,24] There-
fore, we performed a cytokine array study and found that tel-
ratolimod induced inflammatory cytokine release (Figure 2C;
Figure S1E, Supporting Information). These inflammatory cy-
tokines secreted by macrophages, including CXCL10 and TNF- 𝛼,
after co-culturing with cancer cells may attributed to suppressed
cancer cell growth as previously reported.[25,26] Meanwhile, CCL3
can enhance the function of CD8 T cells through IFN-𝛾 me-
diated DC recruitment.[27] We then compared the capacity to
promote M1 polarization of resiquimod and telratolimod. The
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Figure 2. Telratolimod promoted M1 polarization and phagocytosis of macrophages. A,B) The subsets of M1 (A) and M2 (B) polarized macrophage were
measured by flow cytometry. Bars represent means ± SD (n = 3). Student t-test was performed. ***p < 0.001. C) Inflammatory cytokines were detected
by cytokine array. Bars are presented as means ± SD (n = 3). D) M1 and M2 polarization effect of resiquimod and telratolimod. E,F) Inflammatory
cytokines triggered by resiquimod and telratolimod were determined by ELISA. Bars are presented as means ± SD (n = 3). G,H) Phagocytosis of B16F10
cells by macrophages after treatment with telratolimod was determined by confocal microscopy (G) and flow cytometry (H). Bars represent means ±
SD (n = 5). Student t-test was performed. ***p < 0.001. Scale bar: 20 μm.

macrophages exhibited similar M1 and M2 polarization after the
treatment of both drugs (Figure 2D; Figure S2, Supporting Infor-
mation), but resiquimod induced more pronounced secretion of
inflammatory cytokines, including IL-6 and TNF-𝛼 (Figure 2E,F).
The effect on phagocytosis capability of macrophages was also
evaluated. Telratolimod significantly stimulated the phagocyto-
sis of cancer cells by macrophages (Figure 2G,H; Figure S3,
Supporting Information) without evidence of direct cytotoxic-
ity toward B16F10 cells (Figure S4A, Supporting Information).
Therefore, telratolimod exhibited anti-cancer effects by induc-
ing phagocytic property of macrophages and stimulating type 1
interferon-mediated chemokine production.

2.2. Telratolimod-Loaded Adipocytes Promoted M1 Polarization
of Macrophages and Decreased Chemokine Production

To further improve the therapeutic index of telratolimod, we ex-
plored the use of adipocytes as drug delivery vehicles [28] to re-
cruit and polarize macrophages within the TME.[1,29,30] We hy-
pothesize that higher anti-cancer efficacy could be achieved by
using adipocytes as drug delivery vehicle due to i) the high

loading capacity and biocompatibility of adipocytes for the de-
livery of telratolimod; ii) bioresponsive drug release profile in-
duced by tumor triggered lipolysis; iii) synergistic effect of engi-
neered adipocytes in boosting TAMs. When normally differen-
tiated adipocytes were co-cultured with macrophages in a tran-
swell assay, we observed significant increase in both M1 and
M2 polarized macrophages (Figure 3A,B). Telratolimod-loaded
adipocytes exhibited enhanced capacity to promote M1 polariza-
tion, but showed negligible effects on M2 polarization. Since
telratolimod alone caused a significant reduction of M2 polar-
ization of macrophages, telratolimod-loaded adipocytes may at
least in part block the intrinsic property of adipocytes to promote
M2 polarization. The encapsulation of telratolimod did not alter
the adipokine profile of adipocytes (Figure S5, Supporting In-
formation), suggesting that this small molecule does not inter-
fere with their growth or function. However, adipocytes signif-
icantly inhibited the secretion of cytokines from macrophages
in the presence of telratolimod (Figure 3C). In accordance
with our previous study,[28,31] lipid modification significantly en-
hanced the drug loading capacity of telratolimod within the
lipid droplets (Figure 3D), whereas resiquimod exhibited nonde-
tectable loading amount in adipocytes (Figure S4B,C, Supporting
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Figure 3. Telratolimod@adipocyte promoted M1 polarization while decreasing the cytokine release. A,B) M1 (A) and M2 (B) polarization after dif-
ferent treatment was measure by flow cytometry. C) Inflammatory cytokines were determined by ELISA. Data are presented as means ± SD (n = 3).
One-way ANOVA with a Tukey post-hoc test was performed. *p < 0.05, ***p < 0.001. G1: Control. G2: Telratolimod (100 nM). G3: Adipocytes. G4: Telra-
tolimod@adipocyte. D,E) Loading capacity (D) and release profile (E) of telratolimod by the adipocytes were determined by HPLC. “Control” represents
telratolimod@adipocyte alone in the transwell. Data are presented as means ± SD (n = 3). One-way ANOVA with a Tukey post-hoc test was performed
to compare the statistical significance between control and B16F10 cell co-cultured group at different time points. *p < 0.05, **p < 0.01.

Information). Moreover, B16F10 caused the release of the drug
from adipocytes compared with fibroblasts (Figure 3E), indicat-
ing the tumor-responsive manner of the adipocyte-based drug
delivery system. Furthermore, the fatty acid binding protein 4
(FABP4) inhibitor reversed the M1 polarization of macrophage
when co-cultured with telratolimod@adipocytes in transwell
(Figure S6, Supporting Information), indicating that the delivery
of telratolimod from adipocytes is mediated by FABP4.

Cancer cells can generate a suppressive TME by recruiting
several types of nonmalignant cells that promote angiogenesis
and suppress anti-cancer immune responses.[32–34] We sought
to elucidate the interaction among cancer cells, adipocytes,
macrophages, and effector T cells in response to telratolimod.
Similar to the adipocytes, CD3+ cells promoted both M1 and
M2 polarization of macrophages (Figure S7A,B, Supporting In-
formation, group 2). However, B16F10 cells significantly inhib-
ited the M1 polarization (Figure S7A, Supporting Information,

group 2 and group 5) and promoted the M2 polarization of
macrophages (Figure S7B, Supporting Information, group 6 and
group 8) when adipocytes were present. Telratolimod decreased
the M2 polarization of macrophage when we compare the pop-
ulation of CD206 positive macrophage in each group between
Figures S7B,D. Specifically, the M2 polarization of macrophages
when co-cultured with cancer cells, CD3+ T cells, and adipocytes
was significantly inhibited by telratolimod (Figures S7B,S7D,
group 7 and group 8). With decreased M2 polarization, the ma-
jor macrophages were switched to the M1 phenotype. We fur-
ther determined if Tregs may be involved. Adipocytes and cancer
cells could work together to increase Treg (Figure S8A, Support-
ing Information, group 2, group 4, and group 5). Interestingly,
adipocytes and macrophages enhanced the Treg population to
balance the inflammatory reaction when telratolimod was pre-
sented (Figure S8B, Supporting Information, group 2, group 3,
and group 7). In contrast, this process was significantly reversed
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Figure 4. Telratolimod@adipocyte suppressed local tumor growth. A) Representative tumor bioluminescence in each group. B) Individual tumor growth.
C) Average tumor size in each experimental group. Data are presented as means ± SEM (n = 6). Statistical significance was calculated via one-way
ANOVA analysis with a Tukey post-hoc test. **p < 0.01, ***p < 0.001. D) Survival curves of the mice in each group. E) Average body weight of mice
in each experimental group. F–L) Quantity of immune cells including TAMs (F), M1 macrophages (G), M2 macrophages (H), CD4+ T cells (I), CD8+

T cells (J), CD8/CD4 ratio (K), and Tregs (L) was determined by flow cytometry. G1: Control. G2: Adipocytes. G3: Telratolimod (0.2 mg kg−1). G4:
Telratolimod@adipocyte. Data are presented as means ± SD (n = 5). Statistical significance was calculated via one-way ANOVA analysis with a Tukey
post-hoc test. *p < 0.05, **p < 0.01, ***p < 0.001.

when B16F10 cells were added, suggesting that telratolimod can
effectively decrease Tregs in TME (Figure S8B, Supporting In-
formation, group 7 and group 8). We also measured the cy-
tokine levels in the medium and found that adipocytes exhib-
ited the strongest anti-inflammatory effect compared with can-
cer cells and T cells (Figures S7E,F and S8C,D, Supporting Infor-
mation). Therefore, telratolimod delivery by adipocytes induced
a specific remodeling of TME with an enhanced ratio of M1/M2
macrophage, which can be translated in the local and distal con-
trol of tumor growth.

2.3. Telratolimod@adipocyte Induced an Immunogenic Tumor
Phenotype and Suppressed Tumor Growth

We further validated the therapeutic effect of Telra-
tolimod@adipocytes in vivo using the B16F10 mouse melanoma
model. We first evaluated the pharmacokinetics profile of tel-

ratolimod after in vivo administration (Figure S9, Supporting
Information). The profiles of telratolimod concentration in the
serum were similar after subcutaneous injection of free drug in
normal mice and tumor-bearing mice with the highest concen-
tration reached within 12 h. In contrast, telratolimod@adipocytes
exhibited a controlled-release profile. Notably, we observed sig-
nificantly promoted drug release after intratumoral injection of
telratolimod@adipocytes in tumor-bearing mice compared with
normal mice. Telratolimod exhibited enhanced antitumor effects
when delivered as telratolimod@adipocytes compared with free
drug (Figure 4A–C), leading to improved survival of the mice
(Figure 4D) in the absence of systemic toxicity (Figure 4E). In
separated experiments, tumors were collected and analyzed by
flow cytometry and immunofluorescence staining. Adipocyte
or telratolimod@adipocyte caused significant increase of TAM
population in the TME (Figure 4F; Figure S10A, Supporting In-
formation). In particular, M1 macrophages were increased after
treatment with free telratolimod or telratolimod@adipocytes
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Figure 5. Telratolimod@adipocyte suppressed tumor growth at distant sites. A) Representative figures of tumor bioluminescence in each group. B)
Individual distant tumor growth. C) Average distant tumor size in each group. D,E) Quantification of macrophages (D) and T cells (E) in the distant
tumor. G1: Control. G2: Adipocytes. G3: Telratolimod (0.2 mg kg−1). G4: Telratolimod@adipocyte. Data are presented as means ± SD (n = 5). Statistical
significance was calculated via one-way ANOVA analysis with a Tukey post-hoc test. *p < 0.05, **p < 0.01, ***p < 0.001.

(Figure 4G). In contrast, in tumors treated with telratolimod
we did not observe modifications of M2 macrophage popula-
tion, which was increased in tumors treated with adipocytes
alone (Figure 4H). CD4+ T cells were also increased after the
treatment with adipocytes (Figure 4I; Figure S10B, Supporting
Information), whereas telratolimod enhanced the infiltration of
CD8+ T cells (Figure 4J; Figure S10B, Supporting Information)
and increased the CD8+/CD4+ ratio (Figure 4K). In accordance
with the in vitro results (Figure S8A, Supporting Information),
adipocytes enhanced the Treg recruitment within the TME, while
Treg content was decreased after the treatment of telratolimod
(Figure 4L). The administration of adipocytes decreased the
inflammatory cytokine levels in the plasma, which was reversed
by local administration of telratolimod (Figure S11, Supporting
Information).

After showing that telratolimod induced a strong local im-
mune response, we investigated whether local treatment could
cause antitumor effects in distant tumor lesions. In mice in-
oculated with B16F10 cells in both flanks, different treatment
modalities were only applied on the right flank. Both original and
distant tumor growth was significantly inhibited when free tel-
ratolimod or telratolimod@adipocytes were administrated (Fig-
ure 5A–C; Figure S12A,B, Supporting Information) without sig-
nificant modification of body weight as measurement of sys-
temic toxicity (Figure S12C, Supporting Information). TAMs
were significantly increased within the primary tumor treated
with adipocytes or telratolimod@adipocytes (Figure S12D, Sup-
porting Information). Although adipocyte administration did not
significantly increase TAMs in the distant tumors, the percent-
age of M1 macrophages was significantly enhanced (Figure 5D).

This systemic immune response was further confirmed by the
increase of CD8+ T cells in both original and distant tumors
associated with decreased Tregs population (Figure 5E; Figure
S12E, Supporting Information). Administration of adipocytes or
telratolimod did not result in evidence of side effects to major
organs (Figure S13, Supporting Information). The previous re-
port indicated that TLR 7/8 agonist including resiquimod pro-
moted DC maturation and thereby augment immune response
against tumor growth.[35,36] To further demonstrate the induc-
tion of a systemic immune response, we isolated the tumor-
draining lymph nodes of both primary and distant tumors and
observed the presence of activated DCs, which suggest the oc-
currence of antigen-cross presentation (Figure S14, Supporting
Information). Since TLR 7/8 is also expressed within the en-
dosome of DCs[35,37] and telratolimod significantly promoted
the expression of CD80/CD86 in DCs isolated from both pri-
mary and distant tumor-draining lymph nodes (Figure S14,
Supporting Information), DC cross-priming mediated by telra-
tolimod@adipocytes may account for the systemic immunologic
effects observed upon local tumor treatment. Of note, we also
observed decreased IL-6 and IL-10 as well as increased TNF-𝛼
after the treatment with telratolimod, which might contribute
to the inhibition of distant tumor growth (Figure S15, Sup-
porting Information). Previous studies indicated that IL-12 se-
creted by macrophages attributed to the anti-cancer effect of M1
macrophage.[38] However, telratolimod did not promote the se-
cretion of IL-12 in vitro and in vivo, whereas we did not observe
significant difference of IL-12 levels in both primary and dis-
tant tumor models (Figures S11 and S15, Supporting Informa-
tion).
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To further confirm the systemic immune response after the
administration of telratolimod or telratolimod@adipocytes, we
evaluated their therapeutic efficacy in a distant 4T1 mammary
carcinoma model. Both original and distant tumor growth was
significantly inhibited after the administration of free telra-
tolimod or telratolimod@adipocytes (Figures S16A,B and Figure
S17A,B, Supporting Information). Similar to the distant mouse
melanoma model, telratolimod and telratolimod@adipocytes
enhanced the population of M1 macrophages and effector T
cells in primary tumor and decreased M2 macrophages (Fig-
ure S16C, Supporting Information). The systemic immune re-
sponse was confirmed by the similar immune cell popula-
tion in distant tumor (Figure S17C, Supporting Information).
Other than macrophage polarization, telratolimod and telra-
tolimod@adipocytes promoted the maturation of DC in both tu-
mors. (Figures S16C and S17C, Supporting Information) The
systemic toxicity was further evaluated by complete blood count
(Figure S18, Supporting Information), showing no detectable
side effects after the administration of telratolimod or engineered
adipocytes whereas the population of white blood cells was above
the normal range after tumor inoculation.

3. Conclusion

In this study, we reported a new strategy for cell-based im-
munotherapy by leveraging the ability of adipocytes to recruit
macrophages and promote their M1 polarization within the TME
using a TLR 7/8 agonist. The proposed strategy showed a broad
remodeling of the TME that also included decreased population
of Tregs and activation of DCs. Due to the fat embolism syn-
drome caused by the abnormal infiltration of lipid droplets in
blood vessel, engineered adipocytes are more suitable for intra-
tumoral or peri-tumoral rather than systemic injection. More-
over, most of the clinical tests of TLR 7/8 agonist are through
local injection, probably because the TLR 7/8 is expressed by a
variety of cell types and the severe systemic immune response
needs to be avoided. In this research, the local delivery of telra-
tolimod provided by telratolimod@adipocytes may attenuate the
cytokine storm caused by systemic delivery of TLR agonist even
if the long-term safety of local adipocyte administration needs
to be thoroughly evaluated in controlled clinical studies. Taking
into consideration the loading capacity of adipocytes, multiple
immunomodulatory agents could be accommodated to further
increase the potency of immune response. Furthermore, isola-
tion and engineering of adipocytes are relatively simple and ro-
bust approaches, which can be easily translated in clinical appli-
cations.

4. Experimental Section
Materials and Cell Lines: All chemicals were purchased from Sigma–

Aldrich and used as received unless specified. Telratolimod (MEDI9197)
was purchased from MedChemExpress. 3T3-L1 (CL-173) and B16F10
(CRL-6475) were purchased from the American Type Culture Collection.
Bioluminescent B16F10 cells (B16F10-luc-GFP) were provided by Dr. Leaf
Huang from the University of North Carolina at Chapel Hill. B16F10 was
cultured in RPMI 1640 (Gibco, Invitrogen) with 10% FBS (Invitrogen).
Mouse primary dermal fibroblast was purchased from Cell Biologics (cat-
alog no. C57-6067) and cultured using Fibroblast Medium Kit (catalog no.

M2267). Mouse primary macrophage was isolated from the bone marrow
of C57BL/6J mouse and cultured in RPMI 1640 with 10%FBS and M-CSF
(20 ng mL−1) for 4 days before experiments. 3T3-L1 was cultured in DMEM
with 10% bovine calf serum (Thermo Fisher Scientific). For differentiation,
a 3T3-L1 Differentiation Kit (Sigma–Aldrich catalog no. DIF001) was used
to achieve the maximum accumulation of lipid droplets.

Loading and Release of Resiquimod and Telratolimod: For generat-
ing resiquimod or telratolimod-loaded adipocytes, resiquimod or telra-
tolimod (5 μM) were added in the maintenance medium (DMEM/F12
(1:1) with 10% FBS and 1.5 mg mL−1 insulin) and changed for every 48 h.
Preadipocytes were cultured, differentiated, and drug encapsulated in 6-
well transwell insert, and co-cultured with 5 × 105 precultured B16F10 or
fibroblasts in 6 well plate to determine drug release profiles, which was
calculated according to drug amount remained in adipocytes. To measure
the amount of telratolimod in adipocytes, 20 μL Triton X-100 (10%) was
added to 106 adipocytes. Then, 100 μL extraction solution (0.75 M HCl in
isopropanol) was added and incubated at −20 °C overnight. The concen-
tration of telratolimod was measured by HPLC. The maintenance medium
was changed three to four times for animal work. To determine the stability
of telratolimod in adipocytes, the amount of telratolimod was measured
at 0 and 24 h in telratolimod@adipocytes by HPLC. Since the concentra-
tion of released telratolimod in cell culture medium is not detectable, it
was measured the remained drug amount in telratolimod@adipocytes to
determine the loading and release profiles of telratolimod. HPLC method
for telratolimod: Agilent C18 column 4.6 × 50 mm eluted with water and
acetonitrile (starting 95:5, and then after 6-min gradient up to 5:95).

Crosstalk Between Cancer Cell and Adipocyte: Cytotoxicity of drug was
determined by MTT assay in 96-well plate after 48 h. Crosstalk among
adipocyte, B16F10 (1 × 105/well), and immune cells was determined
in a transwell system where macrophages (2 × 104/well) and T cells
(4 × 104/well) were seeded in the 6 well plate while tumor cells and
adipocytes or telratolimod@adipocytes (1 × 105/well) grew in the tran-
swell insert.[39–41] CD4 and CD8 cells were isolated from C57BL/6 mouse
spleen using EasySep Mouse CD4+/CD8+ T Cell Isolation Kit (Stemcell
Technologies) and cultured in RPMI1640 medium with 10% FBS. After cul-
turing for 72 h, the polarization of macrophages and the population of Treg
were determined by flow cytometry. The concentration of IL-6, IL-10, and
TNF-𝛼 was determined by ELISA.

For adipokine profiling (R&D Systems catalog no. ARY013), 6 well tran-
swell system was used with cancer cells cultured in the transwell insert
and adipocytes in the bottom. Cells or medium were analyzed after co-
culturing for 72 h. To determine the role of FABP4 during the crosstalk,
30 μM BMS309403 was added in the medium to block FABP4.

In Vivo Tumor Studies: All animal studies were carried out following
protocols approved by the Institutional Animal Care and Use Commit-
tee at the University of California, Los Angeles, and Earle A. Chiles Re-
search Institute. Female C57BL/6 mice (6–8 weeks) and BALB/c mice (6–
8 weeks) were purchased from the Jackson Lab. For a subcutaneous tu-
mor models, 1 × 106 luciferase-tagged B16F10 cells (melanoma model)
or 1 × 106 4T1 cells (mammary carcinoma model) were injected into the
right flank of mice. When the tumor reached 50–100 mm3, mice were ran-
domly divided into four groups (n = 10–11) with intratumorally injected
different formulations on day 0 and day 3, including PBS, normally differ-
entiated adipocytes, free telratolimod, and telratolimod@adipocytes. The
doses of telratolimod was 0.2 mg kg−1 (usually 5 × 106 adipocytes) for
anticancer analysis and 0.4 mg kg−1 (usually 1 × 107 adipocytes) for phar-
macokinetics studies. Tumor size was measured with a digital caliper and
monitored by bioluminescence signal using IVIS Lumina imaging system
(PerkinElmer) with intraperitoneal injection of luciferin (catalog no. LUCK-
100, Gold Biotechnology) at 150 mg kg−1. Tumor volume was calculated
as long diameter × short diameter2/2.

For a distant tumor model,[42] 1 × 106 luciferase expressing B16F10
cells (melanoma model) or 1× 106 4T1 cells (mammary carcinoma model)
were subcutaneously inoculated into both left and right flanks of mice. Af-
ter randomly dividing the mice into different groups (n = 10–12), tumors
in the right flank were treated with PBS, normally differentiated adipocytes,
free telratolimod, and telratolimod@adipocytes. Tumor growth was mon-
itored by detecting the bioluminescence and measuring tumor size. For
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both intratumoral and distant tumor models, mice were euthanized when
the tumor size exceeded 1.5 cm3.

To determine the population of immune cells in tumor, 4–5 mice were
sacrificed in each group to obtain the tumors two days after the second in-
jection of the formulation. The same time point was utilized to determine
the cytokine levels in blood serum. A single-cell suspension of tumor was
prepared using staining buffer (catalog 420 201, BioLegend). 20 000 events
per sample were collected and analyzed using FlowJo software. Antibodies
for detecting CD4+ T cells, CD8+ T cells, and Tregs included CD3 (cata-
log 100 203, Biolegend), CD4 (catalog 100 515, Biolegend), CD8 (catalog
100 707, Biolegend), FoxP3 (catalog 126 403, Biolegend).

Statistics: One-way ANOVA and a Tukey post-hoc test were performed
for multiple comparisons. Bars represent means ± SD or means ± SEM as
noted in the figure legends. All tests were performed using the GraphPad
Prism software. Significance was defined as *p < 0.05, **p < 0.01, ***p <

0.001.
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