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Abstract
BACKGROUND
Genomic profiling of tumors has contributed to the understanding of colorectal
cancer (CRC), facilitating diagnosis, prognosis and selection of treatments,
including targeted regimens. A report suggested that a 19-gene-based risk
classifier (TCA19) was a prognostic tool for patients with stage III CRC. The
survival outcomes in patients with stage IV CRC are still poor and appropriate
selection of targeted therapies and immunotherapies is challenging.

AIM
To assess clinical implication of TCA19 in patients with stage IV CRC, and to
identify TCA19 with involvement in immune-oncology.

METHODS
A retrospective review of the medical records of 60 patients with stage IV CRC
was conducted, assessing clinicopathological variables and progression-free
survival (PFS). TCA19 gene expression was determined by quantitative
polymerase chain reaction (qPCR) in matched normal and tumor tissues taken
from the study cohort. Expression of potential immune-oncology regulatory
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proteins and targets was examined by immunohistochemistry (IHC), western
blot, immunofluorescence staining in tissues from a validation cohort of 10
patients, and in CRC cell lines co-cultured with monocyte in vitro.

RESULTS
In the patients with TCA19 score higher than the median, the PFS rates of eight
patients who received the targeted regimens were significantly higher than the
PFS rates of four patients who received 5-fluorouracil-based regimen (P = 0.041).
In multivariate analysis, expression of signaling lymphocytic activation molecule
family, member 7 (SLAMF7) and triggering receptor expressed on myeloid cells 1
(TREM1) was associated with PFS in the 60-patient cohort. After checking
another 10 validate set, the expression of the IHC, the level of real-time qPCR,
and the level of western blot were lower for SLAMF7 and higher for TREM7 in
primary and metastatic tumors than in normal tissues. In CRC cells expressing
SLAMF7 that were co-cultured with a monocytic cell line, levels of CD 68 and CD
73 were significantly lower at day 5 of co-culture than at day 0.

CONCLUSION
The TCA19 score might be prognostic for target-regimen-specific PFS in stage IV
CRC. Down-regulation of SLAMF7 and up-regulation of TREM1 occur in
primary and metastatic tumor tissues.

Key words: Colorectal cancer; Prognosis; Immunotherapy; Signaling lymphocytic
activation molecule family, member 7; Triggering receptor expressed on myeloid cells 1

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: The current study showed that in the patients with stage IV colorectal cancer
(CRC) and a higher 19-gene based risk classifier score, the target-regimen-specific
progression-free survival (PFS) was significantly increased compared with the 5-
fluorouracil-regimen-specific PFS. Using another 10 validate set, down-regulation of
signaling lymphocytic activation molecule family, member 7 (SLAMF7) and up-
regulation of triggering receptor expressed on myeloid cells 1 were identified in primary
and metastatic tumors compared with normal tissue. In CRC cells expressing SLAMF7
that were co-cultured with a monocytic cell line, levels of CD68 and CD73 were
significantly lower at day 5 of co-culture than at day 0.

Citation: Lee JL, Roh SA, Kim CW, Kwon YH, Ha YJ, Kim SK, Kim SY, Cho DH, Kim YS,
Kim JC. Clinical assessment and identification of immuno-oncology markers concerning the
19-gene based risk classifier in stage IV colorectal cancer. World J Gastroenterol 2019;
25(11): 1341-1354
URL: https://www.wjgnet.com/1007-9327/full/v25/i11/1341.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i11.1341

INTRODUCTION
According to the Korean National Cancer Information Center, colorectal cancer (CRC)
is the third leading cause of cancer death in South Korea[1]. The survival rate for CRC
in Korea has increased over the past two or three decades, with screening programs,
new chemotherapy regimens (including targeted agents) and advances in surgical
techniques all contributing to survival improvements[2-4]. Further improvements could
be obtained by optimizing selection of treatment regimens for different patients.
Pathological staging according to tumor burden (T), presence of cancer cells in lymph
nodes (N) and evidence for metastasis (M) is a well-known standard for prognosis[5],
and  along  with  other  clinicopathological  characteristics  is  used  for  selection  of
patients for adjuvant chemotherapy. However, the response to chemotherapy varies
because of heterogeneity among these patients[6-9].

Genomic  profiling  of  tumors  has  contributed  to  our  understanding  of  CRC,
facilitating  diagnosis,  prognosis  and selection  of  treatments,  including targeted
regimens[10]. Multi-gene prognostic classifiers developed in the past decade on the
basis of next-generation sequencing have been used clinically to identify patients at
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risk of recurrence, or to select targeted therapies[11,12]. Previously, we developed a risk-
score system based on 19 genes (TCA19) regulated by activation of triggering receptor
expressed on myeloid cells 1 (TREM1) or connective tissue growth factor (CTGF)[8].
The genes were selected by their involvement in tumorigenesis and progression, and
in  providing  benefit  from  adjuvant  chemotherapy  for  stage  III  CRC[8].  Because
survival outcomes in patients with stage IV CRC are poor, and appropriate selection
of targeted therapies is challenging, we attempted in the present study to identify
whether TCA19 scores predicted survival outcomes in patients with stage IV CRC
undergoing different chemotherapy regimens.

The immune-checkpoint  inhibitor,  pembrolizumab has  been shown to  have  a
greater effect on disease-free survival in CRC with microsatellite instability than
mincrosatellite-stable CRC[13]. The effects of pembrolizumab on survival in patients
with stage IV CRC also depends on patterns of  metastasis[14].  Tumor-assosicated
macrophages (TAMs) of the M2 phenotype are present in the stroma of many tumors,
and frequently associated with the progression of several types of cancer and CD68
acts as macrophage marker and TAMs marker[15]. TAMs infiltration at the invasive
hotspot  is  associated  with  improvement  in  both  hepatic  metastasis  and  overall
survival in CRC[16]. The function of CD73 in tumor is to facilitate escape from immune
surveillance  and to  orchestrate  the  tumor-stroma interaction  to  promote  cancer
growth and metastasis[15].  High expression of CD73 was poor prognostic factor in
CRC[17].

Here,  we  aim  to  determine  whether  the  TCA19  system  could  be  used  as  a
prognostic indicator for stage IV CRC. We also attempt to identify possible target or
marker genes associated with immune functions among the 19 genes, and examined
the biologic behavior of the selected genes in association with immune function.

MATERIALS AND METHODS

Patients
The study included matched tissues from 60 patients with stage IV CRC that were
histologically identified as adenocarcinoma and normal colonic tissue (> 5 cm from
the tumor  border),  as  well  as  blood.  Another  10  patients  were  also  enrolled for
investigation of  candidate  gene (Supplementary Figure 1).  All  patients  received
surgery at the Asan Medical Center between December 2008 and October 2014, and
CRC tissue and blood samples were acquired at the time of surgery under the patient
consent for tissue and blood sample donation and examination. The metastatic tissue
samples were acquired during the resection of metastatic disease and if the resection
was unavailable, tissue biopsy of metastatic disease during work-up or surgery was
also accepted. The serum was used for extraction of DNA from the centrifuged blood
sample. The study protocol was approved by the Institutional Review Board of Asan
Medical  Center  (registration  No.  2015-0581),  in  accord  with  the  Declaration  of
Helsinki.  Clinical  and pathologic  data  were  extracted from the medical  records.
Patients  were  staged according to  the  8th American Joint  Committee  on Cancer
(AJCC) staging system.

Reverse transcription-quantitative polymerase chain reaction
Total RNA was extracted from the matched normal and tumor tissues of the patients
using TRIzol  reagent  (Invitrogen,  Carlsbad,  CA,  United States)  according to  the
manufacturer’s protocol. The cDNA was synthesized from total RNA by amplification
using random primers and SuperScript II  RT (Invitrogen). Quantitative real-time
reverse  transcription-quantitative  polymerase  chain  reaction  (RT-qPCR)  was
performed  on  a  LightCycler  96  using  the  SYBR  Green  I  Master  Mix  (Roche,
Mannheim, Germany), in a total volume of 20 μL with the following amplification
steps: initial denaturation at 95 °C for 10 min, which was followed by 45 cycles of
amplification  (95  °C for  10  s,  Tm for  10  s,  and 72  °C for  20  s).  Gene  expression
determined by RT-qPCR was normalized to human glyceraldehyde 3-phosphate
dehydrogenase (GAPDH). Primers for TCA19 genes are listed in Supplementary
Table 1. Relative levels of gene expression were determined using the ΔΔCt method in
which ΔCt values between one of the TCA19 genes and the GAPDH control [ΔCt =
(Ct)TCA19 genes - (Ct)GAPDH][18]. ΔΔCt was defined as a difference in the ΔCt values between
a  normal  tissue  and  a  tumor  tissue  of  the  same  patient  [ΔΔCt  =  (ΔCt)normal  -
(ΔCt)tumor] as previously reported.18 A 2-ΔΔCt value over 1-fold indicates upregulation
of the tested TCA19 gene in a tumor tissue compared with a normal counterpart of the
same patient.

TCA19 risk score
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Figure 1

Figure 1  Progression-free survival in 60 patients with colorectal cancer, classified according to the 19-gene based risk score and chemotherapy regimens.
A: Progression-free (PFS) survival graph in the patients with higher 19-gene based risk (TCA19) score. B: PFS survival graph in the patients with lower TCA19 score.
PFS: Progression-free survival; 5-FU: Fluorouracil-based regimen; FOLFOX: Combined regimen of fluorouracil, leucovorin, and oxaliplatin; FOLFIRI: Combined
regimen of fluorouracil, leucovorin, and irinotecan; Beva/Cetux: Target-regimen including bevacizumab and cetuximab.

A  risk  score  was  developed  via  a  previously  reported  strategy  using  the  Cox
regression coefficient for the TCA19 genes[8,19,20]. The risk score for each patient was
calculated as the sum of each gene’s score, which was derived by multiplying the
expression level of a gene by its corresponding coefficient using previously reported
values (Supplementary Table 2) [8]. The patients were then divided into two groups,
for high or low expression of TCA19 genes using the median of the risk score as the
threshold.

Immunohistochemistry and western blotting
Normal  tissue,  and  primary  and  metastatic  tumor  tissues  of  10  patients  with
metastatic CRC (separate from the initial study cohort of 60 patients), were used for
immunohistochemistry (IHC) studies of  the expression of  signaling lymphocytic
activation molecule family, member 7 (SLAMF7), TREM1, CD73 and CD68. Formalin
fixed, paraffin-embedded tissue sections were immunohistochemically stained for
protein  expression of  SLAMF7,  TREM1,  CD68,  and CD73 with a  BenchMark XT
automatic immunostaining device (Ventana Medical Systems, Tucson, AZ, United
States)  with  an  OptiView  DAB  IHC  Detection  Kit  (Ventana  Medical  Systems)
according to the manufacturer's instructions.

Proteins were extracted from cultured cells  using lysis  buffer  (Cells  Signaling
Technology, Danvers, MA, United States). Equal amounts of proteins were separated
by sodium dodecyl sulfate polyacrylamide gel electrophoresis and transferred to
polyvinylidene difluoride membranes (Milipore, Billerica, MA, United States). The
membranes were blocked with 5% nonfat milk diluted in Tris-buffer saline containing
of Tween-20 (TBST) for 1h at room temperature before the addition of the appropriate
primary antibody. The membranes were then washed with TBST and incubated with
the appropriate HRP-conjugated secondary antibody (1:10000; Abcam, Cambridge,
United Kingdom) for 1h at  room temperature.  Protein-antibody complexes were
visualized using a chemiluminescence reagent (New England Nuclear, Boston, MA,
United  States).  Antibodies  used  in  IHC  and  western  blotting  were  listed  in
Supplementary Table 3.

CRC cell lines, cloning and THP-1 cells
The 10 CRC cell lines (DLD-1, HCT116, HCT15, HT29, LoVo, LS174T, RKO, SW480,
SW620 and WIDR) and two normal colonic cell lines (CCD-18Co and CCD841) were
purchased from the American Type Tissue Culture Collection (ATCC, Manassas, VA,
United States) and maintained in RPMI-1640 medium supplemented with 10% fetal
bovine serum (FBS). CRC cell lines (DLD-1, RKO, HCT116 and HT29) with minimal
protein  expression for  SLAMF7 and TREM1 were  selected for  gene  transfection
(Supplementary Figure  2).  SLAMF7 and TREM1 cDNA tagged with the  peptide
epitope Myc-DDK were purchased from OriGene (Rockville,  MD, United States).
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Table 1  Association between differential regulation of 19-gene-based risk classifier genes and clinicopathological factors in 60 patients
with stage IV colorectal cancer

Vari
able
s
(No.
of
pati
ents
)

Percentage of tumors with a log22-ΔΔCT value > 1 compared with matched normal tissue (P value)

GAD
D45B

1

S1P
R3

CDK
N2B

EGR
2

CTG
F

SER
PINE

1

RGS
16

RHO
U

TIMP
1

PHL
DA1

IL36
RN

SLA
MF7 E2F7 DTL CFB CDK

1
CXC
L1

CXC
L3

CKS
2

TRE
M1

Mea
n ±
SEM
of
2ΔΔC
T

0.78 ±
0.74

1.45 ±
4.23

1.64 ±
6.03

3.24 ±
10.88

1.23 ±
1.66

8.19 ±
22.49

10.39
±

35.49

1.01 ±
1.59

2.90 ±
2.79

5.49 ±
14.95

4.40 ±
15.22

1.17 ±
5.10

9.84 ±
34.23

2.46 ±
4.68

3.29 ±
5.62

2.94 ±
6.51

22.76
±

75.79

30.55
±

76.03

2.65 ±
4.14

14.14
±

71.65

Sex 25.9/
24.2

25.9/
27.3

22.2/
15.2

33.3/
39.4

37.0/
36.4

74.1/
81.8

81.5/
69.7

33.3/
24.2

74.1/
75.8

63.0/
66.7

33.3/
42.4

3.7/1
8.2

85.2/
84.8

44.4/
60.6

70.4/
69.7

51.9/
60.6

92.6/
78.8

96.3/
84.8

55.6/
75.8

29.6/
42.4

Fem
ale/
male
(27/
33)

0.56 0.57 0.35 0.42 0.58 0.34 0.23 0.31 0.56 0.49 0.33 0.89 0.63 0.16 0.59 0.34 0.13 0.15 0.08 0.23

Age 23.2/
50.0

26.8/
25.0

17.9/
25.0

37.5/
25.0

35.7/
50.0

76.8/
100

75.0/
75.0

28.6/
25.0

73.2/
100

64.3/
75.0

39.3/
25.0

10.7/
25.0

83.9/
100

55.4/
25.0

71.4/
50.0

58.9/
25.0

83.9/
100

89.3/
100

66.1/
75.0

35.7/
50.0

≤ 75
vs >
75
(56/
4)

0.26 0.71 0.57 0.53 0.47 0.37 0.69 0.68 0.31 0.56 0.5 0.4 0.51 0.26 0.35 0.21 0.51 0.65 0.59 0.47

Com
orbi
dity

20.0/
32.0

31.4/
20.0

20.0/
16.0

42.9/
28.0

37.1/
36.0

74.3/
84.0

80.0/.
68.0

34.3/
20.0

68.6/
84.0

62.9/
68.0

45.7/
28.0

8.6/1
6.0

80.0/
92.0

60.0/
44.0

71.4/
68.0

68.6/
40.0

82.9/
88.0

88.6/
92.0

68.6/
64.0

37.1/
36.0

No/
Yes
(35/
25)

0.22 0.25 0.48 0.18 0.57 0.28 0.22 0.18 0.14 0.45 0.13 0.31 0.18 0.17 0.5 0.03 0.43 0.51 0.46 0.57

Fam
ily
histo
ry

24.0/
30.0

28.0/
20.0

18.0/
20.0

38.0/
30.0

36.0/
40.0

78.0/
80.0

72.0/
90.0

28.0/
30.0

74.0/
80.0

64.0/
70.0

42.0/
20.0

12.0/
10.0

88.0/
70.0

56.0/
40.0

70.0/
70.0

60.0/
40.0

88.0/
70.0

94.0/
70.0

72.0/
40.0

36.0/
40.0

No/
Yes
(50/
10)

0.48 0.46 0.59 0.46 0.54 0.63 0.22 0.59 0.52 0.51 0.17 0.67 0.16 0.28 0.63 0.21 0.16 0.05 0.06 0.54

Sync
hron
ous
Lm

33.3/
21.4

33.3/
23.8

22.2/
16.7

33.3/
38.1

33.3/
38.1

72.2/
81.0

83.3/
71.4

44.4/
21.4

77.8/
73.8

66.7/
64.3

44.4/
35.7

22.2/
7.1

72.2/
90.5

55.6/
52.4

83.3/
64.3

72.2/
50.0

100/7
8.6

100/8
5.7

83.3/
59.5

38.9/
35.7

No/
Yes
(18/
42)

0.25 0.32 0.43 0.48 0.48 0.33 0.26 0.07 0.51 0.55 0.36 0.11 0.08 0.52 0.12 0.09 0.03 0.1 0.06 0.52

Sync
hron
ous
Pm

28.9/
13.3

26.7/
26.7

17.8/
20.0

37.8/
33.3

35.6/
40.0

77.8/
80.0

77.8/
66.7

31.1/
20.0

77.8/
66.7

66.7/
60.0

40.0/
33.3

13.3/
6.7

86.7/
80.0

57.8/
40.0

71.1/
66.7

62.2/
40.0

88.9/
73.3

91.1/
86.7

66.7/
66.7

40.0/
26.7

No/
Yes
(45/
15)

0.2 0.64 0.56 0.51 0.49 0.58 0.3 0.32 0.3 0.43 0.44 0.43 0.4 0.18 0.49 0.11 0.15 0.47 0.62 0.27

AJC
C
stag
e

0/25.
9

0/27.
6

0/11 0/37.
9

50/36
.2

50/79
.3

100/7
4.1

50/27
.6

0/77.
6

50/65
.5

50/37
.9

0/12.
1

100/8
4.5

100/5
1.7

100/6
9.0

100/5
5.2

100/8
4.5

100/8
9.7

100/6
5.5

0/37.
9

III/I
V
(2/5
8)

0.56 0.53 0.66 0.4 0.6 0.39 0.56 0.49 0.06 0.58 0.62 0.78 0.72 0.28 0.49 0.32 0.72 0.81 0.44 0.4
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LVI 10.0/
32.5

20.0/
30.0

15.0/
20.0

25.0/
42.5

25.0/
42.5

65.0/
85.0

65.0/
80.0

30.0/
27.5

75.0/
75.0

45.0/
75.0

25.0/
45.0

0/17.
5

70.0/
92.5

35.0/
62.5

60.0/
75.0

45.0/
62.5

75.0/
90.0

85.0/
92.5

55.0/
72.5

30.0/
40.0

No/
Yes
(20/
40)

0.05 0.31 0.47 0.15 0.15 0.08 0.17 0.53 0.63 0.02 0.11 0.05 0.03 0.04 0.18 0.16 0.13 0.31 0.14 0.32

PNI 12.0/
34.3

32.0/
22.9

16.0/
20.0

40.0/
34.3

32.0/
40.0

76.0/
80.0

60.0/
85.7

36.0/
22.9

72.0/
77.1

56.0/
71.4

40.0/
37.1

8.0/1
4.3

76.0/
91.4

52.0/
54.3

68.0/
71.4

56.0/
57.1

76.0/
91.4

84.0/
94.3

64.0/
68.6

24.0/
45.7

No/
Yes
(25/
35)

0.04 0.31 0.48 0.43 0.36 0.47 0.02 0.2 0.44 0.17 0.52 0.37 0.1 0.53 0.5 0.57 0.1 0.19 0.46 0.07

CR
M
invo
lve
men
t

22.4/
36.4

26.5/
27.3

18.4/
18.2

34.7/
45.5

38.8/
27.3

79.6/
72.7

73.5/
81.8

30.6/
18.2

73.5/
81.8

63.3/
72.7

36.7/
45.5

6.1/3
6.4

83.7/
90.9

51.0/
63.6

69.4/
72.7

53.1/
72.7

85.7/
81.8

89.8/
90.9

61.2/
90.9

30.6/
63.6

No/
Yes
(49/
11)

0.27 0.61 0.68 0.37 0.36 0.44 0.44 0.34 0.44 0.41 0.42 0.02 0.47 0.34 0.57 0.2 0.52 0.7 0.05 0.04

1GADD45B, control gene. Rt: Right; Lt: Left; Re: Rectum; Lm: Hepatic metastasis; Pm: Pulmonary metastasis; AJCC: American Joint Committee on Cancer;
LVI: Lymphovascular invasion; PNI: Perineural invasion; CRM: Circumferential resection margin; IHC: Immunohistochemistry.

Transient  transfection  was  performed  to  establish  each  cell  mixture  using
Lipofectamine  2000  (Invitrogen).  Stable  clones  were  selected  by  culturing  with
aminoglycoside  antibiotic  G418  for  10  d,  and at  least  two different  clones  were
generated for each cell line. Human monocytic THP-1 cells were purchased from
ATCC and maintained in RPMI-1640 medium supplemented with 10% FBS.  M2-
polarized THP-1 cells  were generated by treatment 50 ng/mL phorbol myristate
acetate (PMA, Sigma-Aldrich, St.  Louis,  MO, United States) for 24 h followed by
incubation  with  25  ng/mL interleukin  (IL)-4  and  25  ng/mL IL-13  for  18  h.  For
lipopolysaccharide  (LPS)-mediated  THP-1  activation,  cells  were  plated  at  a
concentration of 1 × 104 cells/ well in the presence of 1 μg/mL LPS for 18 h.

Co-culturing of THP-1 cells and CRC cells
DLD-1,  RKO,  HCT116  and  HT29  cells  were  co-cultured  with  THP-1  cells  using
Transwell inserts (Becton Dickinson, Franklin Lakes, NJ, United States) with a 0.4 μm
porous membrane to create separate upper and lower chambers.  CRC cells  were
cultured in the lower chamber at 1 × 104 cells/mL, and THP-1 cells were cultured in
the upper chamber. CRC cells and THP-1 cells were collected 5 d after co-culture
(Supplementary Figure 3).

Immunofluorescence staining
Adherent CRC cells collected after 5 d of co-culture were seeded on 96-well plates
coated with collagen type I (Greiner Bio-One #655956, Frickenhansen, Germany).
Cells were fixed for 30 min with 4% paraformaldehyde in ice-cold phosphate-buffered
saline (PBS), quenched for 5 min with 50 mmol/L NH4Cl, and incubated overnight at
4 °C with primary antibody diluted 1:100 in 5% normal goat serum (NGS) in PBS.
Cells  were  washed three  times  with  PBS  and incubated  for  1  h  with  secondary
antibody  at  1:500  dilution.  Primary  and  secondary  antibodies  used  in
immunofluorescence staining (IFS) were listed in Supplementary Table 3. Cells were
then washed three times with PBS, followed by nuclear counterstaining with 2 μg/mL
DAPI for 1 min.

High-throughput imaging
Stained 96-well  plates  were imaged with a  high-content  wide-field fluorescence
imaging system coupled to Harmony software version 3.5 (Operetta: PerkinElmer,
Waltham, MA, United States). Wells were imaged with a × 40 objective lens in a single
focal plane across each plate. Twelve fields of views (each 510 μm × 675 μm) were
imaged per well, with an identical pattern of fields used in every well.

Statistical analysis
Differential  expression of  individual  TCA19 genes was compared with levels  of
clinico-pathological variables by the χ-square test, and the unpaired Student’s t-test or
Mann-Whitney  U-test,  as  appropriate.  The  Kaplan-Meier  method  was  used  to
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Table 2  Multivariate analyses of prognostic factors associated with progression-free survival
using Cox-regression

P value Hazard ratio CI lower CI upper

N-category 0.02 0.569 0.349 0.927

LVI 0.004 2.559 1.347 4.862

PNI 0.538 0.837 0.476 1.473

CRM 0.004 2.931 1.398 6.143

Bormann type 0.3 0.731 0.402 1.327

SLAMF7 0.003 0.206 0.072 0.589

CKS2 0.018 0.484 0.266 0.883

TREM1 0.017 0.471 0.254 0.875

CI:  Confidence interval;  CKS-2:  Cyclin-dependent kinases regulatory subunit  2;  CRM: Circumferential
resection margin; LVI: Lymphovascular invasion; PNI: Perineural invasion; SLAMF7: Signaling lymphocytic
activation molecule family, member 7; TREM1: Triggering receptor expressed on myeloid cells 1.

calculate the survival outcomes, and the difference in survival between two groups
was assessed using log-rank tests. The prognostic association between the signature
and potential risk factors was assessed using multivariate Cox proportional hazard
regression models. Statistical significance was expressed as P < 0.05, and the analyses
were performed using SPSS software version 21 (IBM Corporation, Armonk, NY,
United States).

RESULTS

Characteristics of the patients
Of the study cohort, 33 were male and 27 were female, with a median age of 61 years
(interquartile range 52-69 years). The cancer was located in the right colon (cecum-
splenic flexure of transverse colon) in 16 patients, the left colon (splenic flexure of
transverse colon-distal sigmoid colon) in 28 patients, and in the rectum in 16 patients.
Curative surgery (R0 resection) was performed in 14 patients. All patients received
chemotherapy  after  the  surgery  consisting  of  single-agent  treatment  with  5-
fluorouracil (5-FU) or capecitabine (n = 9), a combination of 5-FU and oxaliplatin (n =
22), 5-FU and irinotecan (n = 13), or targeted agents (n = 16), whether the choice of all
chemotherapy was according to the oncologist’s  opinion.  Nine patients received
postoperative concurrent chemoradiotherapy (50.4 Gy in 28 fractions with concurrent
5-FU). The median follow-up period was 16 mo with an interquartile range (IQR) of 9-
24 mo (Supplementary Table 4).

Association of progression-free survival with TCA19 scores and chemotherapy
regimens
The study cohort was dichotomized on the basis of TCA19 risk scores. Progression-
free survival (PFS) was not significantly different in the high (8 mo, IQR 6-10 mo) and
low (9 months, IQR 8-10 mo) TCA19-score groups (P = 0.42). Among 30 patients with
high TCA19 scores, the PFS rates were significantly different (P = 0.041) between four
patients who received 5-FU regimen and eight patients who received the targeted
regimens (bevacizumab or cetuximab). PFS rates among patients with low TCA19
scores did not differ significantly according to the chemotherapy regimens (P = 0.61)
(Figure 1).

Expression  of  individual  TCA19  genes  is  associated  with  clinicopathological
variables and PFS
For each clinicopathological variable, the proportion of patients in each different
condition with qPCR log22−ΔΔCt values greater than one (indicating a greater than one-
fold  increase  in  gene  expression  in  the  tumor  relative  to  normal  tissue)  were
compared (Table 1). For lymphovascular invasion (LVI), the proportions of patients
with relative expression (log22−ΔΔCt greater than one) were significantly higher in the
presence of invasion than in its absence for PHLDA1, E2F7, and DTL, and SLAMF7 (P
= 0.02, 0.05, 0.03, 0.04, respectively). Similarly, for perineural invasion, the proportion
of  patients  with  relative  expression  was  significantly  higher  in  the  presence  of
invasion than in its absence for RGS16 (P = 0.02). A lower proportion of patients had
CXCL1 log22−ΔΔCt  values greater than one in the presence of synchronous hepatic
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Figure 2

Figure 2  Expression of CD68 in a signaling lymphocytic activation molecule family, member 7-expression colorectal cancer cell line. High-through imaging
and results of CD68(+)/signaling lymphocytic activation molecule family, member 7 (SLAMF7)(+) at day 0 and day 5 of co-culture with THP-1 monocytes, THP-1 M2
macrophages, and lipopolysaccharide activated THP-1. On day 5, expression of CD68 was significantly lower than day 0 in the SLAMF7-expressing region. SLAMF7:
Signaling lymphocytic activation molecule family, member 7; LPS: Lipopolysaccharide; CRC: Colorectal cancer.

metastasis than its absence (P = 0.03). The proportion of patients with log22−ΔΔCt values
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Figure 3

Figure 3  Expression of CD73 in a signaling lymphocytic activation molecule family, member 7-expression colorectal cancer cell line. High-through imaging
and results of CD73(+)/signaling lymphocytic activation molecule family, member 7 (SLAMF7)(+) at day 0 and day 5 of co-culture with THP-1 monocytes, THP-1 M2
macrophages, and lipopolysaccharide activated THP-1. On day 5, expression of CD73 was significantly lower than day 0 in the SLAMF7-expressing region. SLAMF7:
Signaling lymphocytic activation molecule family, member 7; LPS: Lipopolysaccharide; CRC: Colorectal cancer.

greater  than one was significantly higher  in  the presence than in the absence of
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involvement  of  circumferential  resection margin (CRM) for  SLAMF7,  CKS2 and
TREM1 (P = 0.02, 0.05, 0.04, respectively). These associations, as well as associations
with the presence of comorbidity, family history, tumor location and the pattern of
carcinoembryonic antigen, are shown in Table 1.

PFS  was  positively  associated  with  relatively  higher  expression  in  tumor  of
SLAMF7,  CXCL1,  and  CXCL3  and  negatively  associated  with  relatively  higher
expression of TREM1 (Supplementary Figure 4). Additionally, a multivariate Cox
proportonal hazard regression model was used to analyze the associations of PFS
with expression of individual TCA19 genes and with clinicopathological variables.
This analysis showed that LVI, CRM involvement, and expression of SLAMF7, CKS2
and TREM1 were significantly associated with PFS (Table 2).

SLAMF7 and TREM1were differentially expressed in the 60 CRC patients with CRC
The  association  of  expression  of  SLAMF7  and  TREM1  with  clinicopathological
variables and PFS, as well as their immune-related gene functions, suggested that
they were possible candidate genes. The relative mRNA expression of the SLAMF7
and TREM1 genes was assessed in the 60 CRC patients of the primary study group. In
53 patients, SLAMF7 expression was lower in tumor tissue than in normal tissue,
giving a mean 2−ΔΔCt  value of  0.2,  compared with a mean 2−ΔΔCt  value of  1.17 in 7
patients. In 22 patients, TREM1 expression was higher in tumor tissue than in normal
tissue, giving a mean 2−ΔΔCt value of 37.95, compared with a mean 2−ΔΔCt value of 14.14
in 38 patients.

Expression of SLAMF7 and TREM1 in CRC was validated in a further 10 patients
Additional validation for the pattern of mRNA expression of SLAMF7 and TREM1
was obtained through RT-qPCR, western blotting and IHC of normal and tumor
tissue samples  of  10  additional  patients  with stage IV CRC.  The results  showed
similar pattern to those with the initial 60-patient cohort, with lower expression of
SLAMF7 and higher expression of TREM1 mRNA and protein in tumor tissue than
normal tissue (Supplementary Figure 5). In additional analysis of 27 patients (separate
from the 60 study cohort and the 10 validation set), SLAMF7 expression in 7 patients
was lower in tumor tissue than in normal tissue (mean 2−ΔΔCt value: 20.21) and TREM1
expression in 18 was higher in tumor tissue than in normal tissue (mean 2−ΔΔCt value:
37.21) (Supplementary Table 5).

The results of western blotting were consistent with those of the mRNA expression
study, with lower expression of SLAF7 and higher expression of TREM1 in primary or
metastatic tumor tissues than in normal colonic tissue (Supplementary Figure 6).
However, in IHC, both SLAMF7 and TREM1 were expressed at significantly higher
levels  in  primary  or  metastatic  tumor  tissues  than  in  normal  colonic  tissue
(Supplementary Table 6).

Results from high-throughput imaging
SLAMF7 and TREM1 have functions in immune responses, so their relationships with
CD68 and CD73 were assessed by high-throughput imaging. Baseline IHC for these
proteins was performed with tissues from the validation cohort of 10 patients with
stage  IV  CRC,  and  showed TREM1 staining  in  plasma membrane,  extracellular
regions and intracellular regions, and SLAMF7 staining in plasma membranes and
integral components of membranes (Supplementary Figure 7). CD68 was expressed in
stroma  (especially  membranes),  and  CD73  was  expressed  in  tumor  stroma
(Supplementary Figure 8).

CRC cells lines over-expressing SLAMF7 or TREM1 were co-cultured with THP-1
cells, and protein expression in the CRC cells before and after 5 d of co-culturing was
compared by high-throughput immunofluorescence imaging. Specifically, expression
of CD68 or CD73 was determined in regions expressing SLAMF7 or TREM1. At day 5,
co-expression of both CD68 and CD73 with SLAMF7 was significantly lower than at
day 0 (both P = 0.029) (Figures 2 and 3). Co-expression of CD68 or CD73 with TREM1
was not significantly different at day 5 from that at day 0 (Supplementary Figure 9).

DISCUSSION
Our results indicated that TCA19 might be useful for prediction of sensitivity of
patients with stage IV CRC to targeted chemotherapy, as demonstrated previously for
stage III CRC[8]. Specifically, a high score with the TCA19 classifier suggests that a
patient is a possible responder to a targeted regimen. In our cohort of 60 patients with
stage IV CRC, a high TCA19 score was associated with a 4-mo survival benefit for
targeted regimens compared with the 5-FU regimen. Few efficient biomarkers have
been discovered for prediction of responses to targeted regimens (existing marker
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include the products of KRAS, NRAS, BRAF and PIK3CA genes), although attempts to
identify such markers have used laboratory and clinical approaches[11,21-24].  A high
TCA19 score might now be considered as a biomarker of the response to targeted
chemotherapy in metastatic CRC.

In terms of survival outcomes, our results with multivariate analysis showed that
expression levels of SLAM7, TREM1, and CKS2 were independent risk factors of PFS.
Expression of these genes was also significantly related to lympho-vascular invasion,
perineural invasion, and involvement of circumferential resection margin. In our
validation  cohort  of  10  additional  patients,  mRNA  and  protein  levels  were
significantly different from primary tumor and metastatic tumor tissues, compared
with  normal  tissues  in  SLAMF7  and  TREM1.  These  results  might  suggest  that
expression of SLAMF7 and TREM1 was related to progression and metastasis of CRC.
A previous report  showed that  inflammation was a critical  component of  tumor
progression[25]  and  in  this  specific  view,  both  SLAMF7  and  TREM1  might  be
associated with the link between inflammation and cancer.

SLAM-family receptors are expressed on hematopoietic cells, and SLAMF7 has an
inhibitory  role  in  human  monocytes  to  control  pro-inflammatory  immune
responses[26,27]. A relationship between SLAMF7 and multiple myeloma has previously
been demonstrated[28,29],  but no report have been published describing correlation
between SLAMF7 and CRC. Here, we determined that SLAMF7 was under-expressed
in  CRC  tissue  compared  with  normal  tissue,  and  that  SLAMF7  might  have  an
inhibitory role in expression of CD68 and CD73. Immune responses in lymphocytes
and mast cells are associated with pathological responses to chemotherapy, and with
PFS in metastatic CRC[30]. Although further studies including mechanistic study to
investigate the relationships between immune-check point and SLAMF7 or between
MHC class and SLAMF7 or clinical studies to be use elotuzumab (SLAMF7-directed
immunostimulatory antibody)[29] in CRC are required, SLAMF7 might have potential
as an immunotherapeutic target or as a marker for metastatic CRC.

TREM1 enhances degranulation and secretion of pro-inflammatory mediators, and
is a potent amplifier  of  pro-inflammatory innate immune responses[31].  Here,  we
showed that TREM1 had, overall, higher level of expression in tumor tissue than in
normal tissue in RT-qPCR and IHC stain, and TREM1 gave a tendency of enhanced
expression of CD68 and CD73. In results derived from experimental colitis and tissue
from  inflammatory  bowel  disease,  TREM1  inhibition  was  shown  to  attenuate
inflammation and tumor growth with the colon[32]. High TREM1 expression in tumors
is associated with an abundance of neutrophils and high expression of several innate
pro-inflammatory genes that might be associated with tumorigenesis in CRC[33]. Our
results did not demonstrate a significant difference between day 0 and day 5 in terms
of expression of CD68 and CD73 in TREM1-expressing CRC cells, possibly because
expression of  TREM1 was generally  absent  in  the macrophages of  normal  colon
mucosa, whereas TREM1-expressing macrophages showed significant up-regulation
in the diseased colon tissue[34].

To  improve  the  survival  rate  in  metastatic  CRC,  immunotherapy  has  been
proposed as a treatment option in CRC with microsatellite instability[35],  which is
associated with immune responses, including up-regulation of immune checkpoint
inhibitory molecules such as PD-1, PD-L1 and CTLA4[36,37]. Patients with CRC with
microsatellite  instability  have  more  mutations  and  are  more  responsive  to
immunotherapy with PD-L1/PD-1 blockade than patients with microsatellite-stable
CRC[13,35]. As the number of the patients with CRC with microsatellite instability is
limited and therapeutic targeting of microsatellite-stable CRC is difficult, additional
immune checkpoints and immunomodulatory molecules still need to be investigated
to provide adequate therapeutic coverage for all patients with CRC.

Our study had some limitations, including the small number of patients with the
limited use of targeted regimens to assess a clinical implication of the TCA19 risk
score  and  to  validate  SLAMF7  and  TREM1  as  suitable  candidate.  Also,  our
investigation was limited to assessment of relationship between SLAMF7/TREM1
and CD68/CD73. Further evaluation of other pro-inflammatory mediators with a
large study cohort is required and ongoing, to identify any relationship between the
expression of SLAMF7/TREM1 and immune-system regulation, and to find possible
roles for the targeting of SLAMF7 and TREM1 in new treatment regimens for CRC.

In  conclusion,  TCA19  may  provide  prognostic  information  in  patients  with
metastatic CRC, helping to identify those who will respond to targeted chemotherapy.
Expression  of  SLAMF7 is  down-regulated  (whereas  TREM1 is  up-regulated)  in
primary or metastatic CRC tumors compared with normal colon tissue. SLAMF7
might have an inhibitory role in the immune response in CRC, whereas TREM1, if
anything, has a tendency to enhance the immune response. Further mechanistic and
functional studies with large cohorts are now required to confirm these relationships.
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ARTICLE HIGHLIGHTS
Research background
Our team previously developed a risk score system based a 19 gene-based scoring system
(TCA19), worked as a prognostic factor in stage II-III colorectal cancer (CRC). Stage IV CRC is
still challenging in the treatment including target-regimen and immunotherapy.

Research motivation
It is needed to identify whether the TCA19 scores predict survival outcomes in patients with
stage IV CRC undergoing different chemotherapy regimens including target-regimen and 19
genes are related to immuno-oncology.

Research objectives
The current study aims to determine whether the TCA19 system can be used as a prognostic
indicator for stage IV CRC and to identify possible target or marker genes associated with
immune functions from 19 genes.

Research methods
A retrospective review of the medical records of 60 patients with stage IV CRC was conducted,
assessing  clinico-pathologic  variables,  and  progression-free  survival  (PFS).  TCA19  gene
expressions were determined by real-time quantitative polymerase chain reaction (RT-qPCR) in
matched normal, primary tumor, and metastatic tumor tissues taken from the 60 study cohort.
After selection of genes, related to immuno-oncology, expression of potential target or marker
genes  were  examined  by  RT-qPCR,  immunohistochemistry,  western  blot,  and
immunofluorescence staining using tissues from 10 validate set and in CRC cell lines co-cultured
with monocytes in vitro.

Research results
In the patients with higher TCA19 score, the PFS rates of the patients with target-regimen were
significantly  higher  than the  patients  with  5-fluorouracil-based regimen.  In  multivariable
analysis, expression of signaling lymphocytic activation molecule family, member 7 (SLAMF7)
and triggering receptor expressed on myeloid cells 1 (TREM1) was associated with PFS. From the
results of the 10 validate set, down-regulation of SLAMF7 and up-regulation of TREM1 were
observed in primary tumor and metastatic tumor tissues compared with normal tissue. In CRC
cells expressing SLAMF7 that co-cultured with a monocytic cell line, levels of CD68 and CD73 in
IFS imaging were significantly lower at day 5 of co-culture than at day 0. This result suggests
that SLAMF7 may have an inhibitory role in the immune response.

Research conclusions
TCA19 system may be used as a prognostic indicator for stage IV CRC in terms of use of target-
regimen. SLAMF7 and TREM1 may be related to tumorigenesis and progression according to
down-regulation of SLAMF7 and up-regulation of TREM1 in tumor tissue.

Research perspectives
The current study found an inhibitory role of the SLAMF7 in the immune response. Recently, it
is known that the patients with microsatellite-high CRC may respond the immune therapy. In
this concept, the direction of the future research is the role of SLAMF7 in the patients with stage
IV CRC in terms of the immune therapy.
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