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Purpose: Tumor-associated macrophages (TAMs) originate from monocytes and differenti-
ate into mature macrophages. The interaction between cancer cells and TAMs promotes 
tumor growth and suppresses immunosurveillance. However, this phenomenon has seldom 
been observed in ampullary cancer.
Patients and Methods: TAMs in ampullary cancer were investigated using immunohisto-
chemical (IHC) staining of cancer tissues. Bioinformatic analysis of data from the Gene 
Expression Omnibus (GEO) database revealed transforming growth factor-beta (TGF-β) 
signaling in ampullary cancer. The complementary DNA microarray of cancer was compared 
with adjacent normal duodenum and enzyme-linked immunosorbent assay of serum was used 
to verify TGF-β signaling in patients. The THP-1 cell line was activated in vitro to imitate 
M2 TAMs. ClueGo and CluePedia software were operated to simulate TGF-β-related net-
works in ampullary cancer.
Results: The IHC study revealed that the majority of TAMs inside ampullary cancer were 
cluster of differentiation (CD)163+ cells and that the expression of mature CD68+ macro-
phages was correlated with advanced cancer stage. Bioinformatics analysis revealed that 
TGF-β and its downstream signaling were significantly upregulated. To verify our bioinfor-
matics-derived predictions, we performed several experiments and demonstrated that 
increased TGF-β expression was detected in the cDNA microarray. Higher serum levels of 
TGF-β were correlated with fewer CD68+ and more inducible nitric oxide synthase macro-
phages in ampullary cancer. Treatment with TGF-β induced modulation of THP-1-derived 
macrophages.
Conclusion: The present study demonstrates that TGF-β modulates macrophage activity in 
ampullary cancer. Targeting TGF-β could be an approach to activating immunosurveillance.
Keywords: ampullary cancer, tumor-associated macrophages, transforming growth factor- 
beta, bioinformatics

Plain Language Summary
The present study investigates the interaction between ampullary cancer cells and macro-
phages. Transforming growth factor-beta from cancer cells induces monocytes to become 
mature macrophages. 

Introduction
The activation of oncogenes and the inhibition of tumor suppressors are critical 
mechanisms in cancer progression. Furthermore, the tumor immune microenvironment
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plays a vital role.1 Several types of immune cells can infil-
trate a cancer mass, with macrophages being the predominant 
type. Crosstalk between cancer cells and tumor-associated 
macrophages (TAMs) is reciprocal and mutually beneficial. 
Cancer cells secrete chemokines that attract monocytes to 
migrate into the tumor mass, and cancer-derived chemokines 
promote the proliferation, maturation, and differentiation of 
monocytes into TAMs. Inside a cancer mass, TAMs produce 
angiogenetic factors that promote angiogenesis and secrete 
cytokines that suppress immunosurveillance.2 Monocytes 
from circulating peripheral blood differentiate into two 
types of mature macrophages: M1 and M2.3 M1 and M2 
macrophages secrete different cytokines, express distinct sur-
face receptors, and exhibit opposing activities.4 Microbial 
stimuli activate T helper 1 cells (Th1) and elicit the differ-
entiation of monocytes into M1 macrophages. Cancerous 
tumors secrete macrophage colony-stimulating factor 
(M-CSF, gene CSF1), which induces the migration of mono-
cytes from the bone marrow into the tumor mass. Cancer- 
derived cytokines, such as interleukin (IL)-10 (gene IL10), 
induce the differentiation of monocytes into M2 
macrophages.5 Other cancer-derived cytokines should be 
considered in the search for candidates to serve as targets 
for cancer therapy. High-throughput technology for detecting 
global changes in gene expression is a crucial experimental 
paradigm with which to study functional genomics and sys-
temic biology. The expression of thousands of genes can be 
measured in a single experiment using this technique. 
Multiple-RNA-sequencing and microarray data sets are 
available in the Gene Expression Omnibus (GEO) of the 
National Center for Biotechnology Information (NCBI).6 

We collected gene expression data from the periampullary 
data set GSE39409 and conducted MetaCore analysis, which 
identified transforming growth factor-beta (TGF-β, gene 
TGFB1) as the signaling pathway in ampullary cancer. 
TGF-β is a cytokine secreted by cancer cells. A low dose of 
TGF-β in a tumor microenvironment suppresses cancer 
growth in the early phase of carcinogenesis; however, as 
cancer progresses, a high level of TGF-β regulates chemo-
taxis and promotes macrophage differentiation,7,8 cancer 
invasion, and metastasis.9 The synergistic effect of TGF-β 
and IL-10 activates M2 macrophages.10 However, the role of 
TGF-β in ampullary cancer is unclear.

Ampullary cancer, the second most common periam-
pullary cancer, has a 5-year cancer-specific survival rate of 
approximately 50%.11,12 Radical resection is the standard 
treatment for ampullary cancer; however, adjuvant che-
motherapy is ineffective.13 Therefore, alternative treatment 

modalities should be developed. Studies have reported 
TGF-α expression,14,15 downstream genetic mutation of 
TGFB1 and SMAD4,16 and TGF-β signaling dysregulation 
in ampullary cancer.17 Our previous study indicated that 
the expression of osteopontin (OPN, gene SPP1) in infil-
trating TAMs was a predictor of worse survival in patients 
with a large ampullary cancer. The expression of multiple 
types of cytokines, such as TGF-β, macrophage migration 
inhibitory factor (MIF), and OPN, was detected in ampul-
lary cells.18 Therefore, we hypothesized that TGF-β 
expression in ampullary cancer promotes the maturation 
of monocytes into TAMs. Bioinformatical analyses, clin-
ical studies, and in vitro systems were employed to inves-
tigate this hypothesis.

Materials and Methods
Patient Collection and Follow-Up
From January 2002 to December 2010, 50 patients with 
ampullary cancer who received radical resection at 
National Cheng Kung University Hospital (NCKUH) 
were enrolled. Clinicopathological information and patho-
logical reports were obtained from a retrospective chart 
review. The pathological stages were classified according 
to the tumor, node, and metastasis staging system (seventh 
edition) of the American Joint Committee on Cancer.19 

Patients were followed up every 3 months. Annual abdom-
inal sonography, blood sampling, and optional abdominal 
computed tomography examinations were performed. The 
study was approved by the Institutional Review Board of 
NCKUH (IRB no: A-ER-101-220) and complied with the 
Declaration of Helsinki. Written informed consent was 
collected for all enrolled patients. Formalin-fixed paraffin- 
embedded (FFPE) tumor sections and fresh serum were 
obtained from the Human Biobank of the Clinical 
Medicine Research Center in NCKUH.

Immunohistochemistry Staining
The FFPE sections were deparaffinized in xylene and 
rehydrated in graded alcohol. For heat-induced epitope 
retrieval, the sections were immersed in a target retrieval 
solution (Dako, Carpinteria, CA, USA) and heated under 
pressure for 10 min. For immunohistochemistry (IHC) 
staining, the sections were incubated overnight with 
a primary monoclonal antibody at 4 °C (cluster of differ-
entiation [CD]68, DAKO; CD163, Novocastra, Benton 
Lane, UK; inducible nitric oxide synthase [iNOS], R&D 
Systems, Minneapolis, MN, USA). The sections were 
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incubated the following day with goat antimouse immu-
noglobulins conjugated with a peroxidase-labeled polymer 
(EnVision system, Dako). The final color was stained with 
3-amino-9-ethyl carbazole (Zymed, San Francisco, CA, 
USA). The sections were counterstained using Mayer’s 
hematoxylin and then mounted. Sections were prepared 
as negative controls without primary or secondary antibo-
dies. TAMs with cytoplasmic staining of the targeted mar-
ker were counted. The numbers of positively stained 
macrophages in three different high-power fields (HPFs, 
400× magnification) were counted manually and summed. 
CD68+ and CD163+ macrophages were grouped by 200 
cells in the three HPFs. The iNOS+ macrophages were 
categorized according to whether they had no positive- 
staining cell or at least one positive cell in the three 
HPFs. Each lesion was observed and scored by the same 
researcher.

Bioinformatics Analysis
Gene expression data regarding periampullary cancer were 
collected from the GEO database (http://www.ncbi.nlm.nih. 
gov/geo/). Raw data from the GSE39409 dataset were cor-
rected and normalized according to the robust multichip 
average (RMA). The RMA signal was computed for gene- 
level probe set summaries using the Affymetrix Expression 
Console (version 1.3) (Affymetrix, Santa Clara, CA, USA) 
and R (version 3.2.0) (www.r-project.org). MetaCore 
(GeneGo, Inc., St. Joseph, MI, USA) was used to explore 
key signaling pathways regulated in ampullary cancer, and 
molecular functions and the mapping pathway of gene ontol-
ogy (GO) were analyzed. MetaCore was also used to develop 
biological networks from input gene sets and list biological 
processes associated with each network. The top 10% of 
upregulated genes of ampullary cancer were uploaded into 
MetaCore and compared with the genes of other periampul-
lary cancers. Genes with a massive fold change and a P value 
of less than 0.05 in a two-tailed t-test were considered sig-
nificant. The top 10% of significantly high-expression genes 
were uploaded to ClueGo (version 2.3.3) and CluePedia 
(version 1.3.3) for ontology analysis.20,21 Both ClueGo and 
CluePedia were operated using Cytoscape software version 
3.5.1. The default settings were retained for GO terms and 
pathways. The organic layout was selected to optimize visua-
lization. The nodes were drawn according to the enrichment 
of genes in GO terms and pathways. The colors of the nodes 
were randomly selected from the default settings. GO terms 
and their associated genes were the same color. The correla-
tions between genes were calculated according to the default 

settings using Pearson correlations, Spearman’s rank tests, 
distance correlations, and maximal information coefficients. 
Related genes and pathways were joined with lines.

Enzyme-Linked Immunosorbent Assay
A commercially available kit (R&D Systems) was used to 
conduct an enzyme-linked immunosorbent assay (ELISA) 
in accordance with the manufacturer’s instructions. 
Standard recombinant human TGF-β or serum samples 
were added to the assay plate with an attached capture 
anti–TGF-β antibody. After incubation with a detected 
primary anti–TGF-β antibody and a secondary antibody 
with a peroxidase-labeling conjugate, a peroxidase sub-
strate was added. The color reaction was stopped through 
the addition of a stop solution. Absorbance was measured 
at 450 nm.

Cell Lines, Chemicals, and Conditioned 
Medium
The human ampullary cancer cell line TGBC-18-TKB was 
purchased from the RIKEN Bioresource Center (Tsukuba, 
Ibaraki, Japan). The normal epithelial cell line of the small 
intestine FHs 74 Int was obtained from the American Type 
Culture Collection (Manassas, VA, USA). Cell line impor-
tation complied with applicable national laws and regula-
tions and was approved by the Centers for Disease 
Control, ROC. The monocytic cell line THP-1 was 
obtained from the Bioresource Collection and Research 
Center (Hsinchu, Taiwan). The study was approved by 
the Institutional Review Board of NCKUH (IRB no: 
A-ER-101-220). Fresh cancer samples were collected 
from patients with ampullary cancer after they have signed 
the informed consent. Patient data was deidentified. 
Cancer tissues were finely minced and placed into a 24- 
well cell culture. The cells were subcultured repeatedly for 
more than three passages, which progressively killed 
stroma cells. All experiments were performed within 
3–10 passages. All cancer cells were cultured in 
Dulbecco’s modified Eagle’s medium with 10% heat- 
inactivated fetal bovine serum (FBS). The THP-1 mono-
cytes were maintained in a RPMI-1640 medium with 10% 
FBS. FHs 74 Int cells were cultured in Hybri-Care med-
ium with 10% FBS and 30 ng/mL epidermal growth factor. 
All the cells were maintained at 37 °C in a 5% CO2 and 
humidified atmosphere.

To collect the conditioned medium (CM), 2 × 106 cells 
were seeded in a 10-cm dish with a regular medium and 

Dovepress                                                                                                                                                           Cheng et al

OncoTargets and Therapy 2020:13                                                                                         submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
7505

Powered by TCPDF (www.tcpdf.org)

http://www.ncbi.nlm.nih.gov/geo/
http://www.ncbi.nlm.nih.gov/geo/
http://www.r-project.org
http://www.dovepress.com
http://www.dovepress.com


incubated overnight. The medium was then replaced with 
a serum-free medium and incubated for two additional 
days. The conditioned medium was then collected and 
passed through a 0.22-μm filter to remove cellular debris.

Reverse Transcription–Polymerase Chain 
Reaction
Total RNA was extracted from the cultured cells using an 
RNeasy Mini kit (Qiagen, Hilden, Germany) in accordance 
with the manufacturer’s instructions. Single-stranded com-
plementary DNA (cDNA) was synthesized from 2 μg of total 
RNA by using M-MuLV reverse transcriptase (Roche, Basel, 
Switzerland) and oligo-dT random primers. The cDNA was 
amplified using primers for specific genes (Supplementary 
Table 1). A PCR was performed under the following condi-
tions: denaturing for 30 s at 95 °C, annealing for 30 s at 
adequate temperatures (52–60 °C), and extending for 30–60 
s at 72 °C, for 25–45 cycles in a commercial PCR system. 
PCR products were visualized after electrophoresis on 
a 1.9% agarose gel and then stained with Safe DNA gel 
stain (Invitrogen, Carlsbad, CA, USA). We quantified the 
bands on the gels using densitometric analysis and 

normalized according to the β-actin band. The results were 
compared with those from the control group.

Induction of M2 Macrophage and Analysis 
Using Flow Cytometry
A total of 2 × 106 THP-1 cells were seeded in a 10-cm dish and 
activated by adding phorbol 12-myristate 13-acetate (PMA, 
Sigma-Aldrich, St. Louis, MO, USA) at a concentration of 
200 nM for 72 h. The differentiation of PMA-treated cells was 
enhanced after the initial 3-day stimulation then removing the 
PMA-containing medium .22 The PMA-differentiated THP-1 
cells were collected and plated in a six-well plate at 
a concentration of 4 x 105 cells per well; 2 mL of medium 
was added to each well. The cells were subsequently cultured 
under the indicated conditions for 3 days. Activated THP-1 
cells were then collected for flow cytometry and reverse 
transcription–polymerase chain reaction (RT-PCR).

To analyze macrophages, 5 x 105 cells were collected 
and incubated with commercially available anti-CD163 
antibodies (BD Biosciences) at 4 °C overnight. After incu-
bation, 1 mL of staining buffer was added, and the cells 

Figure 1 IHC results regarding the expression of macrophage markers in ampullary cancer specimens. 
Notes: (A) Expression of CD68+ macrophages (mature macrophages). (B) Expression of CD163+ macrophages (activated M2 macrophages). (C) Expression of M1 
macrophages with cytotoxicity (iNOS expression). The magnification of the main photos of (A–C) is ×100, and that of the small photos over the lower-left quadrate is ×400. 
The scale bar is displayed over the lower-right corner. (D) The quantitative results of (A–C) are presented as the numbers of macrophages with different markers in 
ampullary cancer. Three photos with ×400 magnification are taken in each tumor sample, and the total number of macrophages in these three photos are counted manually. 
Most mature macrophages express CD163. *P < 0.05 
Abbreviations: CD163, cluster of differentiation 163; CD68, cluster of differentiation 68; IHC, immunohistochemistry; iNOS, inducible nitric oxide synthase.
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were analyzed using flow cytometry (BD Biosciences). 
Data analysis was performed using WinMDI 2.9.

Statistical Analysis
All statistical analyses were performed using SPSS version 
17.0 (SPSS Institute, Chicago, IL, USA). Univariate ana-
lysis between categorical variables was performed using 
the chi-square test or Fisher’s exact test. Continuous vari-
ables were compared using the nonparametric Wilcoxon 

rank-sum test. A P value of < 0.05 indicated statistical 
significance.

Results
Increased Number of M2 TAMs in 
Ampullary Cancer
TAMs differ from immature monocytes, and TAM subtypes 
have various functions. We used IHC staining to identify 

Table 1 Correlation of Histopathological Factors and CD68+ 

Tumor-Associated Macrophages (Mature Macrophages) in 
Patients with Ampullary Cancer. Increased Expression of 
CD68+ TAMs is Associated with Advanced Tumor and TNM 
Stages

CD68+ TAMs < 
200

CD68+ TAMs ≥ 
200

P value

No. (%) 19 18

Age, years, median 

(range)

65 (38–90) 60 (35–72) NS

Sex NS

Female 8 (42%) 7 (39%)

Male 11 (58%) 11 (61%)

Tumor type NS

Polypoid 13 (68%) 9 (50%)

Infiltrative 1 (5%) 4 (22%)

Mixed 5 (26%) 5 (28%)

Tumor size, cm, median 

(range)

2.0 (0.7–3.7) 2.0 (1.0–4.5) NS

Differentiation NS

Well 6 (32%) 9 (53%)

Moderate 10 (53%) 6 (35%)

Poor 3 (16%) 2 (12%)

Tumor stage 0.029

T1 0 1 (6%)

T2 9 (47%) 6 (33%)

T3 9 (47%) 4 (22%)

T4 1 (5%) 7 (39%)

Lymph node status NS

Negative 11 (61%) 12 (67%)

Positive 7 (39%) 6 (33%)

Pancreatic invasion NS

Negative 9 (47%) 8 (44%)

Positive 10 (53%) 10 (56%)

AJCC TNM stage 0.021

Stage I 8 (42%) 7 (39%)

Stage II 10 (53%) 4 (22%)

Stage III 1 (5%) 7 (39%)

Abbreviations: AJCC TNM stage, American Joint Committee on Cancer’s tumor, 
node, and metastasis staging system; NS, not significant.

Table 2 Correlation of Histopathological Factors and CD163+ 

Tumor-Associated Macrophages (Activated M2 Macrophages) in 
Patients with Ampullary Cancer. An Increased Number of 
CD163+ TAMs is Not Associated with the Invasiveness of 
Cancer

CD163+ TAMs 
< 200

CD163+ TAMs 
≥ 200

P value

No. (%) 27 16

Age, years, median 

(range)

65 (35–90) 66 (38–82) NS

Sex NS

Female 12 (44%) 7 (44%)

Male 15 (56%) 9 (56%)

Tumor type NS

Polypoid 15 (56%) 9 (56%)

Infiltrative 5 (19%) 4 (25%)

Mixed 7 (26%) 3 (19%)

Tumor size, cm, median 

(range)

2.2 (0.7–5.5) 2.5 (0.8–6.5) NS

Differentiation NS

Well 14 (52%) 6 (40%)

Moderate 10 (37%) 8 (53%)

Poor 3 (11%) 1 (7%)

Tumor stage NS

T1 2 (7%) 1 (6%)

T2 11 (41%) 7 (44%)

T3 9 (33%) 6 (38%)

T4 5 (19%) 2 (13%)

Lymph node status NS

Negative 18 (69%) 9 (60%)

Positive 8 (31%) 6 (40%)

Pancreatic invasion NS

Negative 12 (46%) 7 (47%)

Positive 14 (54%) 8 (53%)

AJCC TNM stage NS

Stage I 12 (44%) 6 (38%)

Stage II 10 (37%) 7 (44%)

Stage III 5 (19%) 2 (13%)

Stage IV 0 1 (6%)

Abbreviations: AJCC TNM stage, American Joint Committee on Cancer’s tumor, 
node, and metastasis staging system; NS, not significant.
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three types of macrophages in ampullary cancer specimens 
(Figure 1). CD68+ cells were represented as mature macro-
phages, including M1 and M2 (Figure 1A). CD163 was 
expressed by mature M2 macrophages (Figure 1B), and 
iNOS was an important intracellular component of M1- 
differentiated macrophages with cytotoxic ability (Figure 
1C). All cancer samples were infiltrated with CD68+ and 
CD163+ cells. Most TAMs in the stroma of ampullary cancer 
were CD68+ or CD163+ cells (Figure 1D). Patients with 
ampullary cancer at an advanced tumor or cancer stage 
exhibited a higher number of infiltrating CD68+ or CD163+ 

cells (Tables 1 and 2). A small number of iNOS+ cells were 
detected in 20 of the 30 cancer samples. The expression of 
iNOS+ cells was not correlated with tumor or cancer stage 
(Table 3).

Identifying TGF-β Receptor Pathways in 
Ampullary Cancer
We used MetaCore GeneGo to identify pathways relevant to 
macrophages and ampullary cancer by investigating the 
GSE39409 dataset of patients with periampullary cancer.23 

Differentially expressed genes associated with ampullary can-
cer were assessed. Gene list details are presented in 
Supplementary Table 2. The top 10% of genes in terms of 
level of expression in patients with ampullary cancer were 
uploaded to MetaCore. Pathway maps associated with 
immune response are displayed in Figure 2. The TGF-β 
receptor pathways (P = 4.518 × 10−10, false discovery rate 
[FDR] = 1.512 × 10−8) and the TGF-β-dependent pathway, 
which are involved in the induction of epithelial–mesenchy-
mal transition through RhoA, PI3K, and ILK (P = 6.853 × 
10−10 and FDR = 2.193 × 10−8), were significantly upregulated 
in patients with ampullary cancer. We further investigated the 
expression of TGF-β in the published high-throughput dataset 
(GSE39409). We analyzed data of 14 ampullary cancers using 
a heatmap with the GENE-E package in an R environment, as 
we previously described.24 The findings demonstrated that 
transforming growth factor-beta–induced (TGFBI) gene 
ranked 815 of 44,990 genes in the 14 ampullary tumors, 
which is the highest 1.81% of genes in ampullary tumors 
(Figure 3). TGFBI gene is downstream of TGF-β signaling 
and is upregulated in several kinds of human cancer.

Induction of M2 Macrophage Function by 
the Cancer-Derived Conditioned Medium
To mimic the paracrine effect from cancer cells on TAMs, we 
collected conditioned medium during the culturing of cancer 

cells. THP-1 cells were activated by PMA and treated with the 
conditioned medium for 3 days. Differentiated M2 macro-
phages were identified on the basis of cytokine or receptor 
expression, including expression of TGF-β, C-C motif ligand 
(CCL)18, CD163, OPN, CCL22, and IL-10.4 Gene expression 
was detected using RT-PCR (Figure 4A). The FHs 74 Int cells 
were derived from normal epithelial cells of the small intes-
tine. The stimulation effect of the conditioned medium 

Table 3 Correlation of Histopathological Factors and iNOS+ 

Tumor-Associated Macrophages (Macrophages with Cytotoxic 
Ability) in Patients with Ampullary Cancer. An Increased Number 
of iNOS+ TAMs is Not Associated with the Invasiveness of Cancer

No iNOS+ 

TAMs
iNOS+ 

TAMs ≥ 1
P value

No. (%) 10 20

Age, years, median 
(range)

57 (38–72) 67 (48–90) NS

Sex NS

Female 4 (40%) 8 (40%)

Male 6 (60%) 12 (60%)

Tumor type NS

Polypoid 5 (50%) 10 (50%)
Infiltrative 1 (10%) 5 (25%)

Mixed 4 (40%) 5 (25%)

Tumor size, cm, median 

(range)

2.0 (1.0–3.7) 2.4 (0.7–6.5) NS

Differentiation NS

Well 2 (22%) 9 (45%)

Moderate 5 (56%) 8 (40%)
Poor 2 (22%) 3 (15%)

Tumor stage NS
T1 0 2 (10%)

T2 3 (30%) 10 (50%)

T3 4 (40%) 7 (35%)
T4 3 (30%) 1 (5%)

Lymph node status NS
Negative 7 (70%) 10 (50%)

Positive 3 (30%) 10 (50%)

Pancreatic invasion NS

Negative 3 (30%) 12 (60%)

Positive 7 (70%) 8 (40%)

AJCC TNM stage NS

Stage I 3 (30%) 8 (40%)
Stage II 4 (40%) 10 (50%)

Stage III 3 (30%) 1 (5%)

Stage IV 0 1 (5%)

Abbreviations: AJCC TNM stage, American Joint Committee on Cancer’s tumor, 
node, and metastasis staging system; NS, not significant.
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obtained from the FHs 74 Int cell culture was weak. The 
primary culture cells from ampullary neoplasm at different 
stages (adenoma, stage IA, stage IB, and stage IIB) induced 
the expression of M2 macrophage–associated genes. The 
ampullary cancer cell line, TGBC-18 TKB, also induced the 
expression of M2 macrophage–associated genes. The expres-
sions of CCL18, CCL22, and IL-10 increased slightly after 
stimulation with the conditioned media from different types of 
ampullary cancer. Increased expression of CD163 and OPN in 
THP1 cells were stimulated by the conditioned medium from 
cancer cells but not from the FHs 74 Int cells. The expression 
of TGF-β in THP-1-derived macrophages did not exhibit 
obvious changes (Figure 4B).

Expression of Macrophage-Associated 
Cytokines in Ampullary Cancer
Monocytes from bone marrow are stimulated by cancer- 
derived cytokines. M-CSF is a powerful chemokine for 
recruiting monocytes.5 IL-10 induces differentiation of M2 

macrophages, which initiates immunoregulation.4 TGF-β 
enhances the immunosuppressive ability of IL-10 in tumor- 
bearing mice.25 We examined the expression of these cyto-
kines in ampullary cancer specimens. A cDNA microarray 
was used to compare ampullary cancer specimens and nor-
mal duodenum tissues from five patients (Figure 5A). The 
expression of IL10 and CSF1 genes was inconsistent among 
the patients. The cDNA of the TGFB1 gene increased in all 
five patients, with a median log2 cancer/normal ratio of 0.319 
(Supplementary Table 3). We then used ELISA to detect the 
serum level of TGF-β. We enrolled 3 patients with benign 
ampullary hyperplasia, 46 patients with ampullary cancer, 
and 15 healthy volunteers. The median concentration of 
serum TGF-β in patients with benign tumors was 14 ng/ 
mL, with a range of 1–22 ng/mL. The median concentration 
of TGF-β in patients with ampullary cancer was 20 ng/mL, 
with a range of 1–56 ng/mL. The median concentration of 
TGF-β in the healthy controls was 19 ng/mL, with a range of 
2–44 ng/mL. The differences between the groups of patients 
were not significant, possibly because of the imbalanced 

Figure 2 MetaCore map analysis of ampullary cancer in the NCBI GEO GSE39409 data set. 
Notes: Immune-related pathways in the top 100 interacting maps are selected. TGF-β is related to 6 of 18 pathways, including pathways with rank 44, 46, 53, 57, 68, and 84. 
Abbreviations: CCR7, CC-chemokine receptor 7; EMT, epithelial-mesenchymal transition; GPCR, G protein-coupled receptor; IFN-γ, interferon-gamma; IL-6, interleukin- 
6; IL-8, interleukin-8; ILK, integrin-linked kinase; MAPK, mitogen-activated protein kinase; M-CSF, macrophage colony-stimulating factor; MHC, major histocompatibility 
complex; PI3K, phosphatidylinositide 3-kinase; TGF-β, transformin g growth factor beta; Th2, T helper 2; TNF-α, tumor necrosis factor-alpha.
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number of patients (Supplementary Figure 1A). The serum 
level of TGF-β was not correlated with the cancer stage, 
tumor stage, lymph node metastasis, or histological 
differentiation in ampullary patients (Supplementary 
Figures 1B–E). However, serum levels of TGF-β were cor-
related with the expressions of CD68+, CD163+, and iNOS+ 

TAMs in IHC stained cancer specimens. Patients with lower 
CD68+ TAM or higher iNOS+ TAM expression in ampullary 
cancer had a higher serum level of TGF-β (Figure 5B and D). 
The expression of CD163+ TAMs was not associated with 
the serum level of TGF-β (Figure 5C).

Modulation of Macrophages by Networks 
Associated with TGF-β and TGF-β
To confirm the effect of TGF-β on macrophages, we used 
flow cytometry to detect alterations in surface receptors 
after stimulation with different types of cytokines. Mature 
M1 and M2 macrophages have different surface receptors; 

for example, M2 macrophages express CD163.4 The THP- 
1 monocytic cell line was used to determine the appro-
priate concentration of TGF-β in vitro (Figure 6A). The 
proportion of CD163+ cells was higher after stimulation 
with 2.5 ng/mL TGF-β (Figure 6A). A study reported MIF 
overexpression in ampullary cancer; therefore, MIF 
expression was used as a control.18 The proportion of 
CD163+ THP1 cells increased after treatment with TGF- 
β (Figure 6B). The expression of OPN was also increased 
in activated THP1 cells in RT-PCR (Figure 6C). M1 
macrophage–associated cytokines (tumor necrosis factor 
[TNF]-α and IL-1β) were difficult to detect (Figure 6D). 
Moreover, the downstream signaling in macrophages after 
stimulation by TGF-β1 was simulated using ClueGo and 
CluePedia databases, as illustrated in Figure 7. The com-
bination of the ClueGo, CluePedia, and GO pathways 
revealed that immune-related pathways were significantly 
correlated in ampullary cancer. TGFB1 gene was located 

Figure 3 Upregulated genes of ampullary cancer in the NCBI GEO GSE39409 data set. 
Notes: Analysis of published microarray data is performed using the Affymetrix U133 Plus 2.0 genome array. The heatmap illustrates gene rankings is ordered from highest 
to lowest raw expression values across different patient samples. The TGFBI gene is in the top 1.81% among the 44,990 expressed genes. 
Abbreviations: A2M, alpha-2-macroglobulin; C10orf54, chromosome 10 open reading frame 54; CNDP2, carnosine dipeptidase 2; CTNNA1, catenin alpha 1; CTSE, cathepsin 
E; HACD3, 3-hydroxyacyl-CoA dehydratase 3; HMGN4, high mobility group nucleosomal binding domain 4; HSPH1, heat shock protein family H member 1; IFITM1, interferon 
induced transmembrane protein 1; KPNB1, karyopherin subunit beta 1; MYL12A, myosin light chain 12A; NGFRAP1, nerve growth factor receptor-associated protein 1; PALLD, 
palladin; PITPNB, phosphatidylinositol transfer protein beta; SFT2D1, SFT2 domain containing 1; TGFBI, transforming growth factor beta induced; TPR, translocated promoter 
region, nuclear basket protein; UQCRB, ubiquinol-cytochrome C reductase binding protein; YBX3, Y-box binding protein 3.
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in the center of the net and was closely correlated with 
IL10, IL1B, SPP1, CCL22, TNF, MIF, and CCL18 genes in 
the inner ring. The interactions among all these genes 
induced changes in other genes in the middle ring. The 
complex networks resulted in different phenotypes in the 
outer ring. The inferential network predicted the response 
of TAMs to stimulation by cancer-derived TGF-β.

Discussion
The interactions of cancer cells and TAMs are crucial in 
cancer development. Cytokine secretion from cancer cells 
is critical in the regulation of TAMs. The present study 
demonstrated that TAMs inside the tumor mass of ampullary 
cancer consist of CD68+ mature and CD163+ M2 macro-
phages. We identified TGF-β upregulation by analyzing 
a published high-throughput dataset (GSE39409) and 
cDNA microarrays of cancerous cells and adjacent normal 
duodenum from five patients with ampullary cancer. The 
serum level of TGF-β in ampullary patients was correlated 
with low number of CD68+ TAMs in cancer specimens. 
Conditioned media from ampullary cancer cells and treat-
ment with TGF-β induced the expression of CD163 and OPN 
in activated macrophages. TGF-β had a regional paracrine 

effect on TAMs in ampullary cancer. Phenotypical alteration 
of macrophages after stimulation with TGF-β was predicted 
by ClueGo and CluePedia software. The present study offers 
a comprehensive explanation regarding the effects of TGF-β 
on TAMs in ampullary cancer.

Cancer-secreted cytokines induce the migration of mono-
cytes from peripheral blood into the tumor mass.3 These 
monocytes are stimulated by different cytokines and differ-
entiated into M1 or M2 TAMs.5 Different types of mono-
nuclear cells express distinct surface markers and 
intracellular proteins. CD14 is expressed in every monocyte 
or macrophage linkage. CD68 is a surface marker of acti-
vated macrophages, including M1 and M2.26 CD163 and 
CD206 are surface markers of M2 macrophages, and CD80 
and CD86 are markers of M1 macrophages.27 The expression 
of intracellular CCL22 and CCL18 increased after differen-
tiation into M2. M1 macrophages produce iNOS, which 
exerts anti-inflammatory effects. These surface markers and 
secreted cytokines are not continuously expressed by the 
same linkage of macrophages. For example, CD163 and 
CD206 are mutually exclusively induced, and CCL18 is 
produced by a subgroup of M2 macrophages.28 All types of 
surface markers and intracellular proteins should be 

Figure 4 Expression of macrophage-associated cytokines in THP-1 cells. 
Notes: (A) THP-1 cells are activated using PMA for 3 days and then treated with conditioned medium from different cells for 3 days. The mRNA is purified, and the expression of 
macrophage-associated cytokines (OPN, IL-10, CCL18, CD163, and CCL22) is assessed using RT-PCR (n = 2). The negative control of THP-1 is treated with RPMI-1640 medium 
and 1% FBS. (B) Semiquantitative analysis of cDNA is performed, and β-actin is served as the loading control. The feature of M2 macrophages in THP-1 cells is increased after 
stimulation with conditioned medium from ampullary cancer cells. The experiments are repeated twice because of the scarcity of conditioned medium from primary culture cells. 
FHs 74 Int, a cell line from normal epithelial cells of the small intestine. AC01, primary culture cells from ampullary adenoma. AC02, primary culture cells from stage Ia ampullary 
cancer. AC03, primary culture cells from stage Ib ampullary cancer. AC04, primary culture cells from stage IIb ampullary cancer. TGBC-18-TKB, cell line from ampullary cancer. 
Abbreviations: CCL18, C-C motif ligand 18; CCL22, C-C motif ligand 22; CD163, cluster of differentiation 163; C.M, conditioned medium; FBS, fetal bovine serum; IL-10, 
interleukin-10; OPN, osteopontin; PMA, phorbol 12-myristate 13-acetate; RPMI, Roswell Park Memorial Institute; RT-PCR, reverse transcription-polymerase chain reaction.
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considered during investigation of TAMs. In the present 
study, IHC staining was performed first. CD68, CD163, 
and iNOS were used to identify all of the activated macro-
phages (both M1 and M2), M2 macrophages, and M1 macro-
phages, respectively (Tables 1–3). The most-prominent 
macrophage was the CD163+ M2 linkage inside ampullary 
cancer tumors (Figure 1). Furthermore, we used flow cyto-
metry to detect CD163+ in M2-differentiated cells (Figure 6). 
The expression of CD163 and OPN increased in macro-
phages after stimulation with conditioned medium or recom-
binant human TGF-β (Figures 4 and 6). The macrophages 
were activated after coculture with conditioned medium from 
ampullary cancer cells. However, the regulation of TAMs is 
complex, and other linkages in M2 TAMs may have been 
omitted in this study.

RNA-sequencing and cDNA microarrays are high- 
throughput analysis techniques for evaluating gene expression 

in cancer research. Limited funding and the rarity of ampul-
lary cancer restrict the number of experiments that can be 
performed at a single center. The NCBI GEO database com-
piled from multiple institutes provides samples for analysis.29 

MetaCore uses a proprietary, manually curated database, 
which includes data regarding protein–protein, protein– 
DNA, and protein–compound interactions. This database 
also contains data regarding metabolic and signaling path-
ways. Networks and maps from MetaCore improve the incor-
poration and conjunction of multiple genes.30 Immune 
system–related maps of the first 100 signals were presented 
in Figure 2 and the details were displayed in the 
Supplementary materials. Six TGF-β-associated pathways 
were identified (Figure 2). The downstream of TGF-β, namely 
of TGFBI, was analyzed using a heatmap (Figure 3). The 
upregulation of TGFBI is reported in patients with pancreatic, 
biliary, and gastrointestinal cancer.31 Ampullary cancer is 

Figure 5 Detection of TGF-β in specimens of ampullary cancer. 
Notes: (A) The cDNA microarray analysis of five patients with ampullary cancer. The log2 ratio of gene expression comparing ampullary cancer and normal duodenum cells 
is displayed on the Y-axis. TGFB1, CSF1, and IL10 genes are selected and represent the proteins TGF-β, M-CSF, and IL-10, respectively. (B) Serum concentration of TGF-β is 
detected using ELISA and compared between patients with CD68+ TAMs < 200 or ≥ 200 through IHC staining (P = 0.013). *P < 0.05 (C) Comparison of the serum TGF-β 
concentration between patients with <200 or ≥200 CD163+ TAMs through IHC staining (P > 0.999). (D) Comparison of serum TGF-β concentration between patients 
without positive iNOS TAM staining or with ≥1 iNOS TAMs through IHC staining (P = 0.122). 
Abbreviations: CD68, cluster of differentiation 68; CD163, cluster of differentiation 163; cDNA, complementary deoxyribonucleic acid; CSF1, colony stimulating factor 1; 
ELISA, enzyme-linked immunosorbent assay; IHC, immunohistochemical; IL10, interleukin-10; iNOS, Inducible nitric oxide synthase; M-CSF, macrophage colony-stimulating 
factor; TGFB1, transforming growth factor beta 1; TGF-β, transforming growth factor beta.
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a gastrointestinal cancer. These bioinformatics tools facilitate 
investigation of the function of TGF-β signaling in ampullary 
cancer.

The activation of macrophages is a complicated process. 
M1 macrophages are typically activated by interferon-γ, lipo-
polysaccharides, or TNF. M2 macrophages are typically acti-
vated by IL-10.4 However, the activation of M2 macrophages 
can also be induced by IL-4 or IL-13 in allergic diseases.5 

TGF-β is a cancer-secreted cytokine that has multiple func-
tions. During the early stages of tumorigenesis, TGF-β sup-
presses the proliferation of tumor cells; however, a high 
concentration of TGF-β in the later stages of cancer enhances 
the invasion of cancer cells, angiogenesis, and local tumor 
immunosuppression.6,7,32 Moreover, TGF-β directs mono-
cytes into the tumor mass and drives them into M2 
macrophages.33,34 TGF-β induces MIF overexpression in 
CT26 colon cancer cell lines.35 TGF-β and MIF genes 
are upregulated simultaneously during breast cancer 
tumorigenesis.36 In our previous study, TGF-β and MIF 

expression was detected in ampullary cancer cells.18 The 
local effect of TGF-β inside the tumor mass may be essential. 
We examined the effect of TGF-β on monocyte differentiation. 
Treatment with recombinant human TGF-β augmented the 
expression of OPN (Figure 6). Furthermore, conditioned med-
ium from ampullary cancer cells enhanced the expression of 
CD163 and OPN (Figure 4). However, the serum level of 
TGF-β was not correlated with the number of CD163+ 

TAMs in cancer specimens. Higher serum levels of TGF-β 
were associated with fewer CD68+ TAMs and more iNOS+ 

TAMs in ampullary cancer specimens (Figure 5). TGF-β may 
contribute to the production of other types of TAMs and 
interact with other cytokines in ampullary cancer. Figure 7 
provided an integrated network to reconstruct the hierarchical 
tree from TGF-β and other cytokines. TGF-β serves as 
a critical regulator of macrophages in ampullary cancer.

Several models have been used to mimic the tumor 
microenvironment and simulate the interaction between 
cancer cells and macrophages. CD14+ cells from cancer 

Figure 6 Induction of M2 macrophages by TGF-β. 
Notes: (A) Expression of CD163 in PMA-stimulated THP-1 cells after stimulation with different concentrations of TGF-β (n = 3, except n = 2 in the TGF-β 0.1 ng/mL group). The 
optimal concentration selected is TGF-β 2.5 ng/mL (P = 0.951). (B) Expression of CD163 in PMA-stimulated THP-1 cells is detected through flow cytometry after stimulation with 10 ng/ 
mL MIF, 2.5 ng/mL TGF-β, or conditioned medium from TGBC-18 TKB cell lines (n ≥ 3). The proportion of CD163+ cells is slightly increased after stimulation with TGF-β (P = 0.639 in all 
groups). (C) The expression of macrophage-associated cytokines in macrophages is detected using RT-PCR (n = 3). (D) Semiquantitative analysis of cDNA is performed, and β-actin is 
served as a loading control. Expression of OPN is increased after stimulation with TGF-β. The expression of M1-associated cytokines (TNF-α and IL-1β) is decreased. *P < 0.05 
Abbreviations: CCL22, C-C motif ligand 22; CD163, cluster of differentiation 163; IL-1β, interleukin-1β; MIF, macrophage migration inhibitory factor; OPN, osteopontin; 
PMA, phorbol 12-myristate 13-acetate; RT-PCR, reverse transcription-polymerase chain reaction; TGF-β, transforming growth factor-β; TNF-α, tumor-necrosis factor-α.
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patients are preferred for this interaction; however, 
patients with ampullary cancer develop malnutrition and 
anemia because of obstructive jaundice and tumor bleed-
ing. Drawing a large amount of blood is thus unethical. 
CD14+ cells from healthy volunteers can be stimulated to 
differentiate into M2 macrophages using methods 
described in the literature.33 Nevertheless, mononuclear 
cells from different individuals have diverse cell counts 
and unequal proportions of CD14+ monocytes. The large 
variation in isolation rates results in an unstable source of 

CD14+ monocytes and difficulty in completing experi-
ments. Alternatively, mononuclear cell lines of THP-1 
could be used to generate M2 macrophages.22 However, 
an in vitro culture system only partially imitates the tumor 
microenvironment. Other immune cells should be consid-
ered in the interaction between cancer cells and immune 
cells.

In conclusion, the present study demonstrated that the 
majority of the TAMs in ampullary cancer specimens 
expressed CD68 and CD163. The expression of mature 

Figure 7 Network of TGFB1, other cytokine genes, and associated functionally phenotypes in macrophages. 
Notes: Gene GO terms and MetaCore pathways are analyzed to create an organized network. The center of the circle is the TGFB1 gene. The first ring includes the IL10, 
IL1B, SPP1, CCL22, TNF, MIF, and CCL18 genes. Interaction between the TGFB1 gene and the first-ring-genes generates genes in the middle circle (red-colored words). The 
correlated phenotypes are presented in the outer circle. The size of nodes reflects the enrichment of genes for each GO term. The connecting lines represent the 
correlation between gene-gene and gene-pathway. 
Abbreviations: CCL18, C-C motif ligand 18; CCL22, C-C motif ligand 22; IL1B, interleukin 1 beta; IL10, interleukin 10; MIF, macrophage migration inhibitory factor; 
TGFB1, transforming growth factor beta 1; SPP1, secreted phosphoprotein 1; TNF, tumor necrosis factor.
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CD68+ TAMs was correlated with an advanced cancer 
stage. Conditioned medium from ampullary cancer pro-
moted the differentiation of monocytes into mature macro-
phages. Upregulation of TGF-β downstream was identified 
in the GSE39409 dataset and in the cDNA microarrays 
from five patients with ampullary cancer. Treatment with 
TGF-β stimulated the expression of CD163 and OPN. 
Integrated networks centered on TGF-β demonstrated the 
potentially phenotypical alteration of TAMs. These results 
provide initial insights into the interaction between ampul-
lary cancer cells and macrophages. Further studies are 
needed to further understand the dysregulation of immu-
nosurveillance in ampullary cancer.

Abbreviations
AJCC TNM, American Joint Committee on Cancer’s tumor, 
node, and metastasis staging system; ATCC, American Type 
Culture Collection; CCL18, C-C motif ligand 18; CCL22, 
C-C motif ligand 22; CD14, cluster of differentiation 14; 
CD163, cluster of differentiation 163; CD206, cluster of 
differentiation 206; CD68, cluster of differentiation 68; 
DMEM, Dulbecco’s modified Eagle’s medium; EGF, epider-
mal growth factor; ELISA, enzyme-linked immunosorbent 
assay; FBS, fetal bovine serum; FDR, false discovery rate; 
FFPE, formalin-fixed paraffin-embedded; GO, gene ontol-
ogy; HPF, high-power field; IHC, immunohistochemistry; 
iNOS, inducible nitric oxide synthase; IL-1β, interleukin- 
1β; IL-10, interleukin-10; IL-13, interleukin-13; IL-4, inter-
leukin-4; M-CSF, macrophage colony-stimulating factor; 
MIF, macrophage migration inhibitory factor; OPN, osteo-
pontin; PMA, phorbol 12-myristate 13-acetate; RMA, robust 
multichip average; RT-PCR, reverse transcription- 
polymerase chain reaction; TAM, tumor-associated 
macrophage; TGF-β, transforming growth factor-β; TNF-α, 
tumor-necrosis factor-α; Th1 cells, T helper 1 cells; Th2 
cells, T helper 2 cells.
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