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Cancer associated fibroblasts (CAFs) play crucial roles in cancer development, however,
the specific mechanisms of CAFs associated renal cancer progression remain poorly
understood. Our study observed enriched CAFs in high degree malignant tumor tissues
from renal cancer patients. These CAFs isolated from tumor tissues are prone to facilitate
drugs resistance and promote tumor progression in vitro and in vivo. Mechanistically,
CAFs up-regulated tryptophan 2, 3-dioxygenase (TDO) expression, resulting in enhanced
secretion of kynurenine (Kyn). Kyn produced from CAFs could up-regulated the
expression of aromatic hydrocarbon receptor (AhR), eventually resulting in the AKT and
STAT3 signaling pathways activation. Inhibition of AKT signal prevented cancer cells
proliferation, while inhibition of the STAT3 signal reverted drugs resistance and cancer
migration induced by kynurenine. Application of AhR inhibitor DMF could efficiently
suppress distant metastasis of renal cancer cells, and improve anticancer effects of
sorafenib (Sor)/sunitinib (Sun), which described a promising therapeutic strategy for
clinical renal cancer.

Keywords: cancer associated fibroblasts, kynurenine, aromatic hydrocarbon receptor, renal cancer, tryptophan 2,
3-dioxygenase (TDO)
INTRODUCTION

Renal cancer is one of most common urogenital neoplasms and has a high risk of distant metastasis
(1). Although standard surgery plus novel tyrosine kinases inhibitors, including Sun or Sor, have
reported to improve the outcome and prognosis of renal cancer patients in recent years (2).
However, many patients still suffered from tumor recurrence and distant metastasis due to the drugs
resistance and sustained tumor growth (3). More importantly, it remains poorly understood in the
underlying mechanism of renal cancer progression.

Tumor progression is a complex set of proliferative disease, which is determined by diverse factors,
including tumor heterogeneity (4), extracellular matrix (5) and tumor microenvironment (6). Several
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stromal or immune cells in tumor microenvironment, such as
myeloid inhibitory cells (7), tumor associated macrophages (8),
mesenchymal stem cells (9) and CAFs (10), have been reported to
participate in the tumor progression. Among those cell
subpopulations, CAFs have been observed in most solid tumor
tissues. Increasing studies suggest that CAFs serves as stromal cells
to support cancer development. Previous reports have provided
evidence to suggest that cytokines derived from CAFs play crucial
roles in regulating tumor behaviors. For example, CAFs are capable
of promoting tumor stemness and facilitating cancer cells
proliferation through secretion of IGF2 (11). Meanwhile, CAFs
could mediate angiogenesis and tumor microenvironment
remodeling though secretion of VEGF (12). Clinical and
pathological studies also suggested that the distribution of CAFs is
tightly correlated to the pro-survival signaling pathways activation
in tumor cells (13). However, the potential role of CAFs in renal
cancer remains poorly understood and the specific underlying
mechanisms of CAFs in renal cancer development have yet to
be explored.

In our study, we observed increasing number of CAFs in
those high degree malignant tumor tissues from renal cancer
patients. Those CAFs isolated from tumor tissues were capable of
promoting renal cancer cells proliferation and migration.
Meanwhile, we proved that those CAFs also mediated the
drugs resistance of renal cancer cells, resulting in poor
prognosis in renal cancer patients. We further disclosed the
underlying mechanism of CAFs induced tumor progression,
which is dependent on a TDO/Kyn/AhR pathway. Our study
described that blockade of AhR signals could efficiently improve
the outcome of traditional Sor/Sun therapy, which provided a
novel sight in clinical renal cancer therapy.
MATERIALS AND METHODS

Cell Lines and Reagents
Murine renal cancer cells Renca, human renal cancer cells A498,
human skin fibroblasts HFL1 and murine NIH-3T3 fibroblasts
were purchased from Cell Bank of Chinese Academy of Sciences
(Shanghai, China). All fibroblasts were cultured in DMEM
complete culture medium (Gibico, MA, USA) supplemented
with 10% fetal bovine serum (Gibco, MA, USA). A498 cells
were cultured in 1640/RMPI complete culture medium (Gibico,
MA, USA) supplemented with 10% fetal bovine serum (Gibco,
MA, USA). Renca cells were cultured in IMDM culture medium
(Gibico, MA, USA) supplemented with 10% fetal bovine serum
(Gibco, MA, USA). Kyn and Kyn concentration detection Kit
were purchased from Abcam (Cambridge, UK). Sorafenib and
sunitinib were purchased from Sangon (Shanghai, China). TDO
inhibitor LM10, AhR inhibitor PDM2 and DMF, AKT inhibitor
capivasertib (Cap) and STAT3 inhibitor S1-109 were purchased
from MedChemExpress (L.A, USA).

Patients’ Tumor Tissues and CAFs
Collection
Renal tumor samples were obtained after the surgery sterilely at
the First Affiliated Hospital, University of South China. All
Frontiers in Oncology | www.frontiersin.org 2
samples were reviewed by a pathologist according to World
Health Organization classification. Samples were divided into
non-metastatic and metastatic groups according to the
subsequent clinical follow-up. Samples were divided into high
degree (H-D, stage I and II) and low degree (L-D, stage III and
IV) groups according to the pathological diagnose. All samples
collection and following analysis were performed according to
the declaration of Helsinki and Ethical approval was obtained
from the committee of the First Affiliated Hospital, University of
South China. For CAFs isolation, tumor tissues from patients or
Renca-bearing BalB/C mice were collected and cut into pieces as
small as possible. Those tissues were further digested by
ACCUMAXTM (Sigma, MA, USA) at 37°C, 5% CO2 incubator
for 1~2 hours. The digested cells were collected by filtration (40
mm, Thermo, MA, USA). Half of the cell suspension was stained
by CD45 (eBioscience, MA, USA) and CD90 (eBioscience, MA,
USA) for cytometry analysis. The rest cells suspension was
collected and seeded into 6-well plate containing 2 ml DMEM
medium with 10% fetal bovine serum for overnight at 37°C. 12
hours later, the medium was replaced with fresh medium to
remove the un-adherent cells. After 2~4 passages, the CD45+/
CD90+ positive CAFs were sorted for a-SMA analysis and co-
culture. The isolated CAFs were maintained for at most
20 passages.

Cell Proliferation Detection
Cell proliferation of Renca and A498 were examined by MTT Kit
(Solarbio, Beijing, China). Briefly, 2000 tumor cells were seeded
into 96-well plate after treatment of CAFs, fibroblasts or signals
inhibitors (as described in figure legends). After 0, 24, 48 and 72
hours, 10 ml of MTT solution was added into the 96 wells,
following with 3 hours incubation of 2 hours at 37°C.
Absorbance was measured at 560 nm on a microplate reader
(Bio-Rad, MA, USA). Each experiment was performed for
independent three times.

Transwell Analysis
Cells migrating assay was performed using 8-mm transwell
chambers (Thermo, MA, USA). Renca or A498 cells were pre-
treated with CAFs, fibroblasts or other inhibitors. Then, 2 × 104

cells in 150 ul non-serum culture medium were seeded into the
upper chambers. 800 ul culture medium containing 10% FBS
medium was added into the lower chambers. 24 hours later,
transwells were washed with PBS, fixed with formalin and
stained with 0.1% crystal violet. Cells were counted in 3
random fields per well under a 100 × microscope. Each
experiment was performed in triplicate.

Cytotoxicity Analysis
Cytotoxicity of Sor and Sun to tumor cells was analyzed using the
FITC-Annexin V/PE-PI apoptosis detection kit (BD, NJ, USA).
Renca cells were treated with Sun (10 mM) or Sor (5 mM) for 48
hours. A498 were treated with Sor (20 mM) or Sun (15 mM) for
48 hours. Then tumor cells were collected and resuspended with
100 ml staining buffer after chemotherapy treatment. 5 ml FITC-
Annexin V staining solution and 2 ml PE-PI staining solution
were added into the cells. After incubation of 15 minutes at room
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temperature, the cells were washed with PBS and detected by
flow cytometry on a C6 flow cytometer (BD, NJ, USA). Each
experiment was performed in triplicate.

Western Blotting
The A498 cells and Renca cells were collected for protein samples
with NP40 solution. 25 mg protein samples were separated by
SDS-PAGE, followed with transferring to PVDF membranes.
Next, samples were examined by immunoblotting with primary
antibodies against: a-SMA (1:1000, Abcam, Cambridge, UK),
AhR (1:5000, Abcam, Cambridge, UK), phosphorylated-Src
(1:500, Abcam, Cambridge, UK), total Src (1:500, Abcam,
Cambridge, UK), phosphorylated AKT (1:500, Abcam,
Cambridge, UK), total AKT (1:500, Abcam, Cambridge, UK),
phosphorylated STAT3 (1:500 Abcam, Cambridge, UK), total
STAT3 (Abcam, Cambridge, UK) and b-actin (1:1000, Abcam,
Cambridge, UK) respectively at 4°C overnight. Then HRP-
conjugated secondary antibody (1:1000, Abcam, Cambridge,
UK) was incubated for 1 hour at room temperature, and
visualized by using ECL detection kit (Thermo, MA, USA).

Immunofluorescent Staining
Tumor tissues from patients were kept in 4% PFA overnight,
then processed, embedded in paraffin, and sectioned at 4 mm for
further study. Sections of tumor tissues from patients were
blocked with blocking solution containing 5% bovine serum
albumin for 30 min and stained with primary antibodies AhR
(1:100; Abcam, Cambridge, UK), phosphorylated AKT (1:300,
Abcam, Cambridge, UK) and phosphorylated STAT3 (1:500
Abcam, Cambridge, UK) at 4°C overnight, followed with
incubation with secondary antibodies (1:1000; Abcam,
Cambridge, UK) for 1 hour at room temperature. Nuclei were
stained with the DAPI solution (1 µg/ml). Confocal microscope
(Olympus, Tokyo, Japan) was used to visualize the sections. The
fluorescence intensity of section and relative protein expression
was analyzed by image J software 1.8.0 (NIH, Bethesda,
Maryland, USA).

Kyn Concentration Analysis
Kyn secretion was detected using a Human Kynurenine Elisa Kit
(JIANGLAI, Shanghai, China). Briefly, 105 CAFs, HSF or NIH-
3T3 cells were cultured in 2 ml culture medium at 37 °C, 5% CO2
incubator. After 48 hours, the culture medium was collected and
analyzed for the Kyn concentration. The Kyn concentration
analysis were performed according to the guidelines of Human
Kynurenine Elisa Kit. Each experiment was performed in three
independent times.

Animal Experiments Protocols
6~8 weeks female BalB/C and NOD-SCID mice were purchased
from Huafukang Company (Beijing, China) and maintained in
the SPF level. For lung metastasis analysis, 1×106 Renca cells
were injected into BalB/C mice by tail vein. On day 20, mice were
sacrificed for lung metastasis analysis. For tumor suppression
analysis, we established Renca subcutaneous tumor model by
injecting 5×105 Renca cells into BalB/C mice subcutaneously. We
Frontiers in Oncology | www.frontiersin.org 3
established A498 subcutaneous tumor model by injecting 5×106

A498 into NOD-SCID mice subcutaneously. Since day 10, mice
treated with PBS, Sor (15 mg/kg), Sun (20 mg/kg), DMF (10 mg/
kg) or combination twice a week. The overall survival of tumor
bearing mice was recorded since day 25. The calculation formula
of tumor volume: tumor volume = length × width 2/2. All our
animal experiments were conducted in accordance with
guidelines of Animal Ethics Committee and approved by the
Institute Ethics Committee of the First Affiliated Hospital,
University of South China.

Statistical Analysis
Each experiment was performed for at least three independent
times. Results were presented as the mean ± SEM and statistical
significance was analyzed using GraphPad 6.0 software (La Jolla,
California, USA). Statistical significance between groups was
calculated by Student’s t test for two groups or by one-way
ANOVA for more than two groups. Bonferroni analysis were
further used for the post hoc test. The correlation analysis was
performed using GraphPad 6.0 software (La Jolla, California,
USA). The survival rates were determined by Kaplan–Meier
survival analysis (*p < 0.05; **p < 0.01; ***p < 0.001; ns, no
significant difference).
RESULTS

CAFs Promoted Tumor Progression in
Renal Cancer
Increasing studies have provided evidence that CAFs could
regulate tumor progression through secretion of pro-survival
cytokines (14). To explore the potential roles of CAFs in renal
cancer development, we isolated CD45+/CD90+ cells from tumor
tissues and examined their expression of a-SMA (a marker of
fibroblasts), in which a higher percentage of CD45+/CD90+ cells
was observed in H-D group (Figure 1A). Meanwhile, those
CD45+/CD90+ cells revealed enhanced a-SMA expression
(Figure 1B). Those results suggested that high degree malignant
tumor tissues possessed a higher proportion of CAFs, which might
be associated with the renal cancer progression. Based on this
point, we seeded renal cancer cells Renca/A498 into a 24 well plate
with a tranwell inert (3 mm) containing CAFs to establish tumor
cells/CAFs co-culture system. Notably, tumor cells co-cultured
with CAFs revealed strengthened Sor resistance, whereas no
similar results were observed in normal fibroblasts cells HSF or
NIH-3T3 cells groups (Figure 1C). Intriguingly, Renca and A498
also revealed Sun resistance after co-culture with CAFs (Figure
1D), indicating that CAFs couldmediate the multi-drugs resistance
in renal cancer. Additionally, CAFs co-culture promoted cells
proliferation of Renca and A498 cells in vitro (Figure 1E). Next,
we further examined the role of CAFs in renal cancer metastasis.
The transwell analysis implicated that Renca and A498 cells
possessed enhanced capability of migration after CAFs co-culture
(Figure 1F). Consistently, Renca cells treated with CAFs revealed
elevated lung metastasis compared to PBS or NIH-3T3 groups
March 2021 | Volume 11 | Article 628821
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FIGURE 1 | CAFs promoted renal cancer progression. (A) The percentage of CD45+/CD90+ cells subpopulation in tumor tissues from high degree (H-D) and low
degree (L-D) malignant renal patients (n=15). (B) The western blotting of a-SMA in tumor tissues (ctrl) and CAFs isolated from tumor tissues of renal patients. (C) The
cytotoxicity of Sor to Renca/A498 co-cultured with NIH-3T3, HSF or CAFs. (D) The cytotoxicity of Sun to Renca/A498 co-cultured with NIH-3T3, HSF or CAFs.
(E) The relative cells proliferation of Renca/A498 co-cultured with NIH-3T3, HSF or CAFs. (F) The relative migrating cells numbers and representative images of
Renca/A498 co-cultured with NIH-3T3, HSF or CAFs by transwell. (G) The lung nodules numbers and representative images of Renca lung metastasis mice models.
Renca cells were co-cultured with NIH-3T3 or CAFs and 106 Renca were injected into BalB/C mice by tail vein, which were sacrificed on day 20. The scale bar is 200
mm. Mean ± SEM, n.s, no significant difference; *p < 0.05, **p < 0.01.
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(Figure 1G), indicating that CAFs could facilitate renal cancer
proliferation and metastasis. Together, those results suggested that
CAFs promoted tumor progression in renal cancer.

CAFs Secreted Kyn to Regulate Renal
Progression
Next, we further investigated the underlying mechanism of CAFs
associated tumor progression. Compelling reports have provided
evidence that tryptophan metabolism is tightly correlated to
cancer development in diverse tumor types (15). Herein, we
examined the expression of tryptophan metabolism associated
dioxygenases indoleamine 2,3-dioxygenase 1 (IDO1) and TDO2.
Frontiers in Oncology | www.frontiersin.org 5
Notably, elevated expression of TDO2 was observed in CAFs
compared to normal fibroblasts (Figure 2A). Consistently,
increasing concentration of the tryptophan metabolite Kyn was
found in CAFs culture medium (Figures 2B, C) compared to
HSF or NIH-3T3 cells, indicating enhanced tryptophan
metabolism in CAFs. To explore the effects of tryptophan
metabolism to tumor cells, we added Kyn into the culture
medium of cancer cells and found that Kyn efficiently
promoted Sor resistance in Renca and A498 cells. Meanwhile,
blockade of TDO by TDO inhibitor LM10 also suppressed the
Sor resistance induced by CAFs (Figure 2D). The same
phenomenon was observed in Sun treatment (Figure 2E),
A

B

G

C E

D F

FIGURE 2 | CAFs secreted Kyn to regulate tumor progression. (A) The western blotting of IDO1, TDO2 and b-actin in HSF, NIH-3T3 and CAFs isolated from renal
patients (compared to HSF) or Renca bearing mice (compared to Renca). (B) The Kyn concentration in culture medium of HSF or CAFs isolated from patients using
Elisa analysis (105 cells in 2 ml culture medium, 48 hours). (C) The Kyn concentration in culture medium of NIH-3T3 or CAFs isolated from Renca bearing mice using
Elisa analysis (105 cells in 2 ml culture medium, 48 hours). (D) The cytotoxicity of Sor to Renca/A498 treated with Kyn (0.5 mM), CAFs or CAFs combined with LM10
(2 mM). (E) The cytotoxicity of Sun to Renca/A498 treated with Kyn (0.5 mM), CAFs or CAFs combined with LM10 (2 mM). (F) The relative cell proliferation of Renca/
A498 treated with Kyn (0.5 mM), CAFs or CAFs combined with LM10 (2 mM). (G) The relative migrating cells numbers and representative images of Renca/A498
treated with Kyn (0.5 mM), CAFs or CAFs combined with LM10 (2 mM). Mean ± SEM, n.s, no significant difference; *p < 0.05, **p < 0.01.
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indicating that CAFs secreted Kyn to mediate multidrug
resistance in renal cancer. Subsequently, we further examined
the cells proliferation and migration of Renca/A498 cells by MTT
and transwell analysis. Kyn treatment could significantly
promote Renca/A498 cells proliferation and migration,
whereas addition of LM10 retarded cells proliferation
(Figure 2F) and migration (Figure 2G). Those results
reminded that CAFs regulates renal cancer progression
through Kyn.

Kyn Produced by CAFs Promoted Cells
Proliferation Through AhR/AKT Signaling
To investigate the molecular mechanism of Kyn induced tumor
progression, we further examined the Kyn downstream signal
molecular in renal cancer cells. Intriguingly, elevated expression of
AhR was observed in Kyn treated or CAFs co-cultured Renca/A498
cells (Figure 3A). More importantly, our immunofluorescent
staining results indicated that Kyn treatment facilitated the
Frontiers in Oncology | www.frontiersin.org 6
nucleus entry of AhR in A498 cells (Figure S1A), indicating that
Kyn induced AhR activation in renal cancer cells. Current study has
suggested that activated AhR could mediate the crosstalk between
JAK2 and Src (16, 17), resulting in the Src associated pro-survival
signaling pathway activation. Herein, we further examined the
expression of Src and Src downstream ATK signal. As a result,
addition of Kyn efficiently mediated the activation of Src and AKT,
whereas blockade of AhR by AhR inhibitor PDM2 reversed the
phenomenon (Figure 3B). These results suggested that Kyn
induced AKT signal activation through AhR axis. To further
confirm the role of AhR/AKT axis in tumor progression, we
applied AhR inhibitor PDM2 and AKT inhibitor Cap to treat
Renca/A498 cells. Blockade of AhR or AKT obviously suppressed
the cells proliferation induced by Kyn (Figure 3C), indicating that
Kyn promoted cells proliferation through AhR/AKT signaling
pathway. However, AKT inhibitor Cap treatment was not capable
of suppressing the drugs resistance or cells migration (Figures 3D–
F), reminding us that Kyn might regulate drugs resistance and
A

D E
G

F H

B C

FIGURE 3 | Kyn facilitated cells proliferation by AhR/ATK signal. (A) The western blotting of AhR and b-actin in Renca/A498 treated with PBS, Kyn (0.5 mM) or CAFs
co-culture. (B) The western blotting of phosphorylated Src, total Src, phosphorylated AKT, total AKT and b-actin in Renca/A498 treated with PBS, Kyn (0.5 mM) or
Kyn (0.5 mM) combined with PDM2 (1 nM). (C) The relative cells proliferation of Renca/A498 treated with Kyn (0.5 mM) or Kyn (0.5 mM) combined with PDM2 (1 nM)/
Cap (10 nM). (D) The cytotoxicity of Sor to Renca/A498 treated with Kyn (0.5 mM) or Kyn (0.5 mM) combined with PDM2 (1 nM)/Cap (10 nM). (E) The cytotoxicity of
Sun to Renca/A498 treated with Kyn (0.5 mM) or Kyn (0.5 mM) combined with PDM2 (1 nM)/Cap (10 nM). (F) The relative migrating cells numbers and representative
images of Renca/A498 treated with Kyn (0.5 mM) or Kyn (0.5 mM) combined with PDM2 (1 nM)/Cap (10 nM). (G) Immunofluorescence staining of AhR in tumor
tissues from high degree (H-D) and low degree (L-D) malignant renal patients. The scale bar is 50 mm. (H) The correlation analysis of AhR and phosphorylated AKT in
tumor tissues from renal patients. Mean ± SEM, n.s, no significant difference, *p < 0.05, **p < 0.01.
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migration through different AhR downstream signaling molecular.
Next, we further confirmed the curial role of AhR in patients’ tumor
tissues. The immunofluorescence staining implicated enhanced
expression of AhR was observed in high degree malignant tumor
tissues compared to low degree malignant tissues (Figure 3G).
However, no significant difference of AKT expression was observed
in H-D and L-D groups (Figure S1B), indicating that AKT
associated signals might not be involved into the AhR associated
drugs resistance in renal cancer. However, a potential correlation
(R2>0.5) between AhR and AKT expression was still observed in
those renal tumor tissues (Figure 3H), indicating that activation of
AKT signals was AhR dependent in patients. Those results
suggested that Kyn produced by CAFs promoted the cells
proliferation through an AhR/AKT signaling pathway.

Kyn Produced by CAFs Promoted Drugs
Resistance and Cells Migration Through
AhR/STAT3 Signaling
STAT3, which serves as the Src downstream signaling molecular
(18), is a crucial participant in tumor drugs resistance and distant
metastasis (19). Herein, we examined the expression of STAT3 in
Renca and A498 cells. Activation of STAT3 signal was observed
in Kyn treated A498/Renca cells, whereas blockade of AhR
suppressed the STAT3 activation (Figure 4A). More
importantly, blockade of STAT3 signal by STAT3 inhibitor S1-
109 obviously suppressed the drugs resistance (Figures 4B, C)
and cells migration (Figure 4D) induced by Kyn. Additionally,
Frontiers in Oncology | www.frontiersin.org 7
we examined the cytotoxicity of our inhibitors, including LM10,
PDM2, Cap and S1-109, to exclude the potential influence
caused by inhibitors associated cytotoxicity. As a result, no
significant cytotoxicity to tumor cells was observed in our
inhibitors (Figure S1C). Next, the enhanced expression of
phosphorylated STAT3 was also found in high degree
malignant tumor tissues from renal cancer patients (Figure
4E) and tumor tissues from metastatic renal patients (Figure
4F), indicating that STAT3 signals are vital for tumor
progression and distant metastasis in clinical renal cancer. The
correlation analysis also implicated that the expression of
phosphorylated STAT3 was related to the AhR expression
(R2 = 0.6941) in clinical renal tumor tissues (Figure 4G).
Together, those results suggested that Kyn regulated renal
cancer drugs resistance and metastasis through AhR
downstream STAT3 signaling pathway.

Blockade of AhR Signals Improved
Outcome of Chemotherapy in Mice Model
Given the crucial role of AhR in renal cancer progression, it might
be feasible to block AhR signals to improve the outcome of Sor/
Sun therapy. DMF, an AhR inhibitor, revealed obvious anti-cancer
activity and could be administered orally, which is befitting for
renal cancer therapy. Herein, we established lung metastatic/
subcutaneous Renca bearing mice model and treated mice with
PBS, DMF and Sor. As anticipated, blockade of AhR signals by
DMF efficiently suppressed the lung metastasis of Renca cells.
A B

E F G

C D

FIGURE 4 | Kyn regulated cells migration and metastasis through AhR/STAT3 signal. (A) The western blotting of phosphorylated STAT3, total STAT3 in Renca/
A498 treated with PBS, Kyn (0.5 mM), Kyn (0.5 mM) combined with PDM2 (1 nM). (B) The cytotoxicity of Sor to Renca/A498 treated with Kyn (0.5 mM) or Kyn
(0.5 mM) combined with S1-109 (2 mM). (C) The cytotoxicity of Sun to Renca/A498 treated with Kyn (0.5 mM) or Kyn (0.5 mM) combined with S1-109 (2 mM).
(D) The relative migrating cells numbers and representative images of Renca/A498 treated with Kyn (0.5 mM) or Kyn (0.5 mM) combined with S1-109 (2 mM).
(E), Immunofluorescence staining of phosphorylated STAT3 in tumor tissues from high degree (H-D) and low degree (L-D) renal cancer patients. The scale bar is
50 mm. (F) Immunofluorescence staining of phosphorylated STAT3 in tumor tissues from non-metastatic (non-M) and metastatic renal cancer patients. The scale bar
is 50 mm. (G) The correlative analysis of AhR and phosphorylated STAT3 expression in tumor tissues from renal patients. Mean ± SEM, n.s, no significant difference;
*p < 0.05, **p < 0.01.
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Meanwhile, DMF/Sor combination group revealed enhanced
anticancer effects compared to the single DMF or Sor groups
(Figures 5A, B and S1D). Addition of DMF significantly
strengthened the tumor suppressive effects of Sor and prolonged
the survival time in subcutaneous Renca bearing mice (Figures
5C, D). The synergistic effects were also observed in DMF and Sun
combination (Figures 5E, F). Next, we further established human
derived renal cancer model by subcutaneously injecting A498 into
immunodeficient mice. Similarly, combination of DMF and Sor
significantly suppressed the A498 tumor growth and prolonged
Frontiers in Oncology | www.frontiersin.org 8
the overall survival time of mice (Figures 5G, H). Taken together,
those results suggested that blockade of DMF could strengthen the
anticancer effects of chemotherapy, which provided an innovative
approach for clinical renal cancer treatment.
DISCUSSION

Despite the advance in cancer diagnose and therapy, the role of
CAFs in renal cancer development remains controversial. CAFs
A C D

B E F

G H

FIGURE 5 | Blockade of AhR signals improved outcome of chemotherapy in renal cancer. (A) The metastasis lung nodules of Renca lung metastasis mice models
treated with PBS, DMF, Sor and Sor combined with DMF. (B) Representative images of lung tissues from (A). The scale bar is 200 mm. (C) The tumor volume of
subcutaneous Renca bearing mice treated with PBS, DMF, Sor and Sor combined with DMF. (D) The survival time of subcutaneous Renca bearing mice treated with
PBS, DMF, Sor and Sor combined with DMF. (E) The tumor volume of subcutaneous Renca bearing mice treated with PBS, DMF, Sun and Sun combined with
DMF. (F) The survival time of subcutaneous Renca bearing mice treated with PBS, DMF, Sun and Sun combined with DMF. (G) The tumor volume of subcutaneous
A498 bearing mice treated with PBS, DMF, Sor and Sor combined with DMF. (H) The survival time of subcutaneous A498 bearing mice treated with PBS, DMF, Sor
and Sor combined with DMF. Mean ± SEM, n.s, no significant difference; *p < 0.05, **p < 0.01.
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paly a complex role in cancer development through secretion of
diverse elements (20). Previous reports focused on the cytokines
derived from CAFs, which influenced tumor cells through
activation of pro-survival signaling pathway directly. However,
cellular metabolism is emerging as critical participant in tumor
biological activities, which is frequently associated with tumor
progression (21). Here, our study identified the role of CAFs in
renal cancer progression, which was dependent on the Kyn
associated signaling pathway.

Our study proved that CAFs isolated from tumor tissues
contributed to the renal cancer drugs resistance and tumor
progression, whereas normal fibroblasts failed to facilitate tumor
development in vitro and in vivo. The Elisa and western blotting
analysis suggested that CAFs isolated from tumor tissues revealed
strengthened capability of tryptophan metabolism, contributing to
the elevated secretion of Kyn in CAFs compared to normal
fibroblasts. The Kyn derived from CAFs could efficiently mediate
the activation of pro-survival signaling pathways in renal cancer,
eventually resulting in cancer development. Compelling reports
focused on the cytokines produced by CAFs, such as IGF2, EGF,
IL-6 and so on (14). Wang and his colleagues reported that CAFs
facilitated cells metastasis of lung cancer through the IL-6/JAK/
STAT signaling pathway (22). Apart from cytokines, proteins or
compounds produced by CAFs might participate in the tumor
process regulation. Li reported that CAFs could facilitate drugs
resistance of breast cancer through secretion of type I collagen (23).
However, the influence of fibroblasts metabolism to tumor
progression has yet to be explored. Kyn has been demonstrated to
be an immunosuppressive regulator in innate and adaptive immune
response, which is highly correlated to the immune tolerance in
cancer development (24). Our study further provided evidence to
described the role of Kyn in CAFs associated renal cancer
progression. We proved that Kyn produced by CAFs could
promote the AhR activation in tumor cells and contribute to the
downstream pro-survival signals activation in renal cancer.

AhR, recognized as a ligand-activated basic helixloop-helix
transcriptional factor that responses to environmental
alternations, has been reported to be associated with tumor
growth, drugs resistance and tumor immunosuppression (25).
GJ Prud’homme reported that the expression of AhR referred to
the cancer stem cells in breast cancer (26). Meanwhile, the
sustained activation of the AhR transcription factor could
mediate the resistance to BRAF-inhibitors in melanoma (27).
Clinical data also suggested that the expression of AhR is highly
correlated to the EGFR-TIKs resistance in non-small cell lung
cancer (17). Simultaneously, several reports implicated that
inhibition of AhR signaling by targeting the AhR proteins or
associated ligands is prone to suppress tumor growth and
recurrence. In our study, we proved that Kyn derived from
CAFs could mediate the AhR activation in renal cancer,
contributing to the downstream AKT and STAT3 signaling
pathway activation (Figure 6). Our study further used AhR
inhibitor DMF to be combined with Sor/Sun therapy, which
revealed improved tumor suppressive effects and metastasis
inhibition. Compared to previous AhR inhibitors, DMF
revealed enhanced tumor suppressive effects, as well as good
Frontiers in Oncology | www.frontiersin.org 9
safety. No significant weight loss was observed in our DMF
treated mice. Meanwhile, oral administration of DMF enabled
the clinical application in renal therapy, which is more appreciate
to be combined with Sor/Sun (oral administration) and provides
potential clinical implication.

In conclusion, our study demonstrated that CAFs produced
Kyn to promote tumor progression and drugs resistance in renal
cancer, which is dependent on the AhR/AKT/STAT3 signaling
pathway. Blockade of AhR by DMF could significantly improve
the anticancer effects of Sor/Sun, which described a novel
strategy for clinical renal cancer therapy.
DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/supplementary material. Further inquiries can be
directed to the corresponding author.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the committee of the First Affiliated Hospital,
University of South China. The patients/participants provided
their written informed consent to participate in this study. The
animal study was reviewed and approved by the Institute Ethics
Committee of the First Affiliated Hospital, University of
South China.
FIGURE 6 | The schematic diatgram of CAFs induced renal cancer progression.
March 2021 | Volume 11 | Article 628821

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Chen et al. CAFs Promote Renal Cancer Progression
AUTHOR CONTRIBUTIONS

RH conceived the project and wrote the manuscript. L-bC, S-pZ,
T-pL, HZ, and Y-jD performed the experiments. L-bC, P-fC, and
Y-jD performed data analysis. All authors contributed to the
article and approved the submitted version.
FUNDING

This study was supported by Scientific Research Fund Project of
Hunan Provincial Health Commission 20200540.
Frontiers in Oncology | www.frontiersin.org 10
ACKNOWLEDGMENTS

We thank all the patients and their family’s members for their
permission in the study.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fonc.2021.628821/
full#supplementary-material
REFERENCES

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Cancer J Clin (2019)
69(1):7–34. doi: 10.3322/caac.21551

2. Capitanio U, Montorsi F. Renal cancer. Lancet (2016) 387(10021):894–906.
doi: 10.1016/S0140-6736(15)00046-X

3. Tobias K, Sabrina R, Grant S. Prognostic factors and prognostic models for
renal cell carcinoma: a literature review.World J Urol (2018) 36(12):1943–52.
doi: 10.1007/s00345-018-2309-4

4. Marusyk A, Polyak K. Tumor heterogeneity: causes and consequences. Biochim
Biophys Acta (2020) 1805(1):105–17. doi: 10.1016/j.bbcan.2009.11.002

5. Pickup MW, Mouw JK, Weaver VM. The extracellular matrix modulates the
hallmarks of cancer. EMBO Rep (2014) 15(12):1243–53. doi: 10.15252/
embr.201439246

6. Balkwill FR, Capasso M, Hagemann T. The tumor microenvironment at a
glance. J Cell Sci (2012) 125(Pt 23):5591–6. doi: 10.1242/jcs.116392

7. Engblom C, Pfirschke C, Pittet MJ. The role of myeloid cells in cancer
therapies. Nat Rev Cancer (2016) 16(7):447–62. doi: 10.1038/nrc.2016.54

8. Dayoub AS, Brekken RA. TIMs, TAMs, and PS- antibody targeting:
implications for cancer immunotherapy. Cell Commun Signal (2020) 18
(1):29. doi: 10.1186/s12964-020-0521-5

9. Papaccio F, Paino F, Regad T, Papaccio G, Desiderio V, Tirino V. Concise
Review: Cancer Cells, Cancer Stem Cells, and Mesenchymal Stem Cells:
Influence in Cancer Development. Stem Cells Transl Med (2017) 6(12):2115–
25. doi: 10.1002/sctm.17-0138

10. Turner N, Grose R. Fibroblast growth factor signalling: from development to
cancer. Nat Rev Cancer (2010) 10(2):116–29. doi: 10.1038/nrc2780

11. Liu Y, Yu C, Wu Y, Sun X, Su Q, You C, et al. CD44+ fibroblasts increases
breast cancer cell survival and drug resistance via IGF2BP3-CD44-IGF2
signalling. J Cell Mol Med (2017) 21(9):1979–88. doi: 10.1111/jcmm.13118

12. De Francesco EM, Lappano R, Santolla MF, Marsico S, Caruso A, Maggiolini
M. HIF-1a/GPER signaling mediates the expression of VEGF induced by
hypoxia in breast cancer associated fibroblasts (CAFs). Breast Cancer Res
(2013) 15(4):R64. doi: 10.1186/bcr3458

13. Xing F, Saidou J, Watabe K. Cancer associated fibroblasts (CAFs) in tumor
microenvironment. Front Biosci (Landmark Ed) (2010) 1(15):166–79. doi:
10.2741/3613

14. Kalluri R. The biology and function of fibroblasts in cancer. Nat Rev Cancer
(2016) 16(9):582–98. doi: 10.1038/nrc.2016.73

15. Platten M, Nollen EAA, Röhrig UF, Fallarino F, Opitz CA. Tryptophan metabolism
as a common therapeutic target in cancer, neurodegeneration and beyond. Nat Rev
Drug Discovery (2019) 18(5):379–401. doi: 10.1038/s41573-019-0016-5

16. Zhu J, Luo L, Tian L, Yin S, Ma X, Cheng S, et al. Aryl Hydrocarbon Receptor
Promotes IL-10 Expression in Inflammatory Macrophages Through Src-
STAT3 Signaling Pathway. Front Immunol (2018) 9:2033. doi: 10.3389/
fimmu.2018.02033
17. Ye M, Zhang Y, Gao H, Xu Y, Jing P, Wu J, et al. Activation of the Aryl
Hydrocarbon Receptor Leads to Resistance to EGFR TKIs in Non-Small Cell
Lung Cancer by Activating Src-mediated Bypass Signaling. Clin Cancer Res
(2018) 24(5):1227–39. doi: 10.1158/1078-0432.CCR-17-0396

18. Bromberg JF, Horvath CM, Besser D, Lathem WW, Darnell JE Jr. Stat3
activation is required for cellular transformation by v-src.Mol Cell Biol (1998)
18(5):2553–8. doi: 10.1128/MCB.18.5.2553

19. Yu H, Lee H, Herrmann A, Buettner R, Jove R. Revisiting STAT3 signalling in
cancer: new and unexpected biological functions. Nat Rev Cancer (2014) 14
(11):736–46. doi: 10.1038/nrc3818

20. Liu T, Han C,Wang S, Fang P, Ma Z, Xu L, et al. Cancer-associated fibroblasts:
an emerging target of anti-cancer immunotherapy. J Hematol Oncol (2019) 12
(1):86. doi: 10.1186/s13045-019-0770-1

21. Pavlova NN, Thompson CB. The Emerging Hallmarks of Cancer Metabolism.
Cell Metab (2016) 23(1):27–47. doi: 10.1016/j.cmet.2015.12.006

22. Wang L, Zhang F, Cui JY, Chen L, Chen YT, Liu BW. CAFs enhance paclitaxel
resistance by inducing EMT through the IL-6/JAK2/STAT3 pathway. Oncol
Rep (2018) 39(5):2081–90. doi: 10.3892/or.2018.6311

23. Li X, Li Q, Yu X, Li H, Huang G. Reverse of microtubule-directed
chemotherapeutic drugs resistance induced by cancer-associated fibroblasts
in breast cancer. Onco Targets Ther (2019) 12:7963–73. doi: 10.2147/
OTT.S211043

24. Cheong JE, Sun L. Targeting the IDO1/TDO2-KYN-AhR Pathway for Cancer
Immunotherapy - Challenges and Opportunities. Trends Pharmacol Sci
(2018) 39(3):307–25. doi: 10.1016/j.tips.2017.11.007

25. Murray IA, Patterson AD, Perdew GH. Aryl hydrocarbon receptor ligands in
cancer: friend and foe. Nat Rev Cancer (2014) 14(12):801–14. doi: 10.1038/
nrc3846

26. Prud’homme GJ, Glinka Y, Toulina A, Ace O, Subramaniam V, Jothy S. Breast
cancer stem-like cells are inhibited by a non-toxic aryl hydrocarbon receptor
agonist. PloS One (2010) 5(11):e13831. doi: 10.1371/journal.pone.0013831

27. Corre S, Tardif N, Mouchet N, Leclair HM, Boussemart L, Gautron A, et al.
Sustained activation of the Aryl hydrocarbon Receptor transcription factor
promotes resistance to BRAF-inhibitors in melanoma. Nat Commun (2018) 9
(1):4775. doi: 10.1038/s41467-018-06951-2

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Chen, Zhu, Liu, Zhao, Chen, Duan and Hu. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
March 2021 | Volume 11 | Article 628821

https://www.frontiersin.org/articles/10.3389/fonc.2021.628821/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2021.628821/full#supplementary-material
https://doi.org/10.3322/caac.21551
https://doi.org/10.1016/S0140-6736(15)00046-X
https://doi.org/10.1007/s00345-018-2309-4
https://doi.org/10.1016/j.bbcan.2009.11.002
https://doi.org/10.15252/embr.201439246
https://doi.org/10.15252/embr.201439246
https://doi.org/10.1242/jcs.116392
https://doi.org/10.1038/nrc.2016.54
https://doi.org/10.1186/s12964-020-0521-5
https://doi.org/10.1002/sctm.17-0138
https://doi.org/10.1038/nrc2780
https://doi.org/10.1111/jcmm.13118
https://doi.org/10.1186/bcr3458
https://doi.org/10.2741/3613
https://doi.org/10.1038/nrc.2016.73
https://doi.org/10.1038/s41573-019-0016-5
https://doi.org/10.3389/fimmu.2018.02033
https://doi.org/10.3389/fimmu.2018.02033
https://doi.org/10.1158/1078-0432.CCR-17-0396
https://doi.org/10.1128/MCB.18.5.2553
https://doi.org/10.1038/nrc3818
https://doi.org/10.1186/s13045-019-0770-1
https://doi.org/10.1016/j.cmet.2015.12.006
https://doi.org/10.3892/or.2018.6311
https://doi.org/10.2147/OTT.S211043
https://doi.org/10.2147/OTT.S211043
https://doi.org/10.1016/j.tips.2017.11.007
https://doi.org/10.1038/nrc3846
https://doi.org/10.1038/nrc3846
https://doi.org/10.1371/journal.pone.0013831
https://doi.org/10.1038/s41467-018-06951-2
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Cancer Associated Fibroblasts Promote Renal Cancer Progression Through a TDO/Kyn/AhR Dependent Signaling Pathway
	Introduction
	Materials and Methods
	Cell Lines and Reagents
	Patients’ Tumor Tissues and CAFs Collection
	Cell Proliferation Detection
	Transwell Analysis
	Cytotoxicity Analysis
	Western Blotting
	Immunofluorescent Staining
	Kyn Concentration Analysis
	Animal Experiments Protocols
	Statistical Analysis

	Results
	CAFs Promoted Tumor Progression in Renal Cancer
	CAFs Secreted Kyn to Regulate Renal Progression
	Kyn Produced by CAFs Promoted Cells Proliferation Through AhR/AKT Signaling
	Kyn Produced by CAFs Promoted Drugs Resistance and Cells Migration Through AhR/STAT3 Signaling
	Blockade of AhR Signals Improved Outcome of Chemotherapy in Mice Model

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


