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Abstract: Colorectal cancer (CRC) is one of the most common malignant tumors worldwide, and tumor metastasis 
is the leading cause of death. Targeting immune inhibitory checkpoint inhibitory pathways has attracted great at-
tention, since the therapeutic efficacy induced by the specific blocking antibodies has been demonstrated even in 
metastatic CRC patients. However, the clinical outcome is low in many cases, and thus more effective treatments 
are needed in the clinical settings. A SPARC family member follistatin-like 1 (FSTL1) is known as a key driver of tu-
mor metastasis in various types of cancer. However, the immunological roles of the FSTL1 in the CRC pathogenesis 
remain to be elucidated. In this study, we investigated the molecular mechanisms underlying the refractory FSTL1+ 
CRC using murine and human FSTL1-transduced CRC cells. Also, based on the results, we evaluated anti-tumor 
efficacy induced by agents targeting the identified molecules using murine CRC metastasis models, and validated 
the clinical relevancy of the basic findings using tumor tissues and peripheral blood obtained from CRC patients. 
FSTL1 transduction conferred EMT-like properties, such as low proliferative (dormant) and high invasive abilities, on 
tumor cells. When the transfectants were subcutaneously implanted in mice, CD11b+DIP2A+LAG3+ cells were abun-
dantly expanded locally and systemically in the mice. Simultaneously, apoptotic T cells increased and were lastly 
excluded from the tumor tissues, allowing tumor aggravation leading to resistance to anti-PD1/PDL1 treatment. 
Blocking FSTL1 and LAG3, however, significantly suppressed the apoptosis induction, and successfully induced anti-
tumor immune responses in the CRC metastasis models. Both treatments synergized in providing better prognosis 
of the mice. FSTL1 was significantly upregulated in tumor tissues and peripheral blood of CRC patients, and the 
CD11b+DIP2A+LAG3+ cells were significantly expanded in the PBMCs as compared to those of healthy donors. The 
expansion level was significantly correlated with decrease of potent Ki67+GZMB+ CTLs. These results suggest that 
the FSTL1-induced CD11b+DIP2A+LAG3+ cells are a key driver of immune dysfunction in CRC. Targeting the FSTL1-
LAG3 axis may be a promising strategy for treating metastatic CRC, and anti-FSTL1/LAG3 combination regimen may 
be practically useful in the clinical settings. 
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Introduction

Colorectal cancer (CRC) is one of the most com-
mon malignant tumors worldwide, and tumor 
metastasis is the leading cause of death [1]. 
Exploration of the molecular mechanisms 
underlying cancer metastasis has been inten-
sively conducted especially focusing on epithe-
lial-mesenchymal transition (EMT) and the 
associated cancer stem cells [2]. However, the 
scientific advances have not necessarily led to 

the practical advances, and thus the median 
overall of the patients with unresectable meta-
static CRC is still only 30 months in clinical set-
tings [3]. Targeting immune inhibitory check-
point (IC) pathways has attracted great atten-
tion as a promising strategy for treating meta-
static CRC, since treatment with the specific 
blocking mAbs, such as anti-CTLA4 mAb and 
anti-PD1/PDL1 mAbs, are effective even in 
metastatic cancer, including CRC. However, the 
therapeutic efficacy is limited to a part of the 
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patients having tumors with PDL1 expression, 
microsatellite instability (MSI), and mismatch 
repair deficiency [4-6]. To improve the present 
status, antibodies targeting other IC molecules, 
such as LAG3 and TIGIT, have been clinically 
developed in combination with other agents in 
many clinical trials [7, 8]. However, the clinical 
evaluation is still underway, and more effective 
treatments are urgently needed in the clinical 
settings. 

In cancer metastasis, a member of the SPARC 
family follistatin-like 1 (FSTL1) is known as a 
key molecule regulating the cancer EMT, and 
significant correlation with poor prognosis of 
patients has been demonstrated in a variety of 
cancer, including esophageal cancer [9], hepa-
tocellular carcinoma [10], lung cancer [11],  
glioblastoma [12], and CRC [13, 14]. However, 
the immunological roles of the FSTL1 remain  
to be elucidated in the CRC pathogenesis. 
Understanding both tumor cells and host immu-
nity is important for treating refractory cancer, 
since tumor biological and immunological het-
erogeneity are produced by interplays between 
them [15, 16]. In this study, we investigated the 
immunological mechanisms underlying refrac-
tory FSTL1+ CRC using murine and human 
FSTL1 transfectants to clarify the influences of 
FSTL1, mouse CRC metastasis models, and 
clinical samples obtained from CRC patients, 
and attempted to establish an effective treat-
ment regimen that could be practically applica-
ble to clinical therapy of metastatic CRC. 

Materials and methods

Mice and cell lines

Five-week-old female C57BL/6 and BALB/c 
mice were purchased from Charles River 
Laboratories (Japan), and were maintained 
under pathogen-free conditions. The mice were 
used according to the protocols approved by 
the Animal Care and Use Committee at the 
National Cancer Center Research Institute. 
Murine CRC cell lines (MC38 and Colon26) 
were purchased from Cell Resource Center for 
Biomedical Research at Tohoku University in 
Japan, and human CRC cell line HCT116 cells 
were purchased from ATCC in US. The cells 
were expanded and frozen in liquid nitrogen to 
avoid changes occurred by a long-term culture 
until use after confirming the mycoplasma neg-
ativity using a Hoechst-staining detection kit 
(MP Biomedicals). The cells were cultured in 

10% FBS/DMEM (GIBCO), and were trypsinized 
and washed in MEM (GIBCO) before use in 
experiments. 

Establishment of FSTL1 transfectants

Murine FSTL1-/low MC38 cells were transfected 
with recombinant lentiviruses encoding murine 
fstl1 (GenBank accession number: NM_00- 
8047) or none as mock transfection as 
described before [17]. Human FSTL1-/low 
HCT116 cells were transfected with a plasmid 
vector pCMV6-ENTRY (Origene Technologies) 
encoding human human fstl1 (GenBank acces-
sion number: NM_007085), or the empty vec-
tor as mock transfection by electroporation 
(0.4 kV, 25 µFD). The transfectants were cul-
tured in 10% FBS/DMEM with G418 (Thermo- 
Fisher). The transduction efficacy was evaluat-
ed by RT-PCR and ELISA (1 × 105 cells/10 ml/3 
days) as described before [18]. 

Functional analysis of tumor cells 

Tumor functions were assessed as described 
before [19]: Cell proliferation (2 days) by WST1 
assay (Takara), cell adhesion (2 hour) using 
fibronectin-coated multiwell plates (Corning), 
and cell invasion (4 hours) using a transwell 
chamber with a matrigel-coated membrane 
(Corning). Tumor cells (5 × 105 cells) were sub-
cutaneously (s.c.) implanted in mice, and tumor 
volume was measured twice a week (0.5 × 
Length × Width2, mm3). The subcutaneous 
tumor and spleen were harvested from the 
mice for immunological assays 1-3 weeks after 
tumor implantation. 

Functional analysis of CD11b+ cells 

CD11b+ cells were sorted from spleen cells 
(SPCs) of naive mice or tumor-implanted mice 
(day 14), or PBMCs obtained from healthy 
donors using a BD IMag system (BD Bioscienc- 
es) with magnetic particle-conjugated anti-
CD11b mAb (BD Biosciences) according to  
the manufacturer’s instructions. The sorted 
CD11b+ cells were cultured in 10% FBS/
RPMI1640 for 2 hrs, and the adherent cells 
were isolated as CD11b+ myeloid cells. The 
naive CD11b+ cells were stimulated with FSTL1 
(10 ng/ml; R&D) in the presence or absence of 
anti-FSTL1 mAb, anti-LAG3 mAb, or rat IgG 
(R&D) as a control, and were analyzed by flow 
cytometry. To assess the immunomodulatory 
effect on T cells, the CD11b+ cells were cocul-
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tured (2:1) with CD3+ or CD8+ T cells sorted 
from mouse SPCs or human PBMCs in the  
presence of anti-CD3 mAb (BD Biosciences) 
along with anti-LAG3 mAb (1 µg/ml; Clone 
C9B7W, BioXCell) or rat IgG as a control. Three 
to five days later, the CD3+ cells were analyz- 
ed for annexin V+ apoptotic cells by flow cytom-
etry. For tracking cell division, the CD8+ T cells 
were labeled with CFSE before the coculture. In 
a setting, the CD11b+ cells were treated with 
tumor supernatants for 3-5 days before as- 
says. In the in vivo assay, the CD11b+ cells (3 × 
105) were s.c. coinjected with tumor cells (3 × 
105) in mice, and anti-LAG3 mAb or rat IgG (10 
mg/kg) were intraperitoneally (i.p.) injected in 
the mice. The subcutaneous tumor and spleen 
were harvested from the mice for immunologi-
cal assays 3 weeks after tumor implantation. 

In vivo therapy

C57BL/6 mice were s.c. implanted with MC38 
cells (5 × 105), and were i.p. injected with anti-
LAG3 mAb, anti-PD1 mAb (Clone 29F.1A12; 
BioLegend), or rat IgG as a control at 10 mg/kg 
on days 4 and 7 after tumor implantation. To 
evaluate CTL induction in the treated mice, 
spleen cells were firstly stimulated with a tu- 
mor antigen gp70 peptide (1 µg/mL) for 6  
days, and then the recovered CD8+ T cells (2 × 
105 cells) were tested for the cytotoxic activity 
(target = MC38 parental cells, E:T ratio = 20:1, 
4 hrs) using the Immunocyto Cytotoxicity 
Detection kit (MBL) according to the manufac-
turer’s instructions. To evaluate the anti-tu- 
mor efficacy of the treatment regimen in geneti-
cally unmodified tumor models, we used 
BALB/c mice that Colon26 cells were both s.c. 
(3 × 105 cells) and intravenously (i.v.; 3 × 105 
cells) implanted mimicking metastatic cancer 
patients. The mice were i.p. injected with anti-
LAG3 mAb, anti-FSTL1 mAb that we establish- 
ed before [11], or rat IgG (5 mg/kg) as a control 
on days 4 and 7. The s.c. tumors, lung, and 
spleen were harvested from the mice for assays 
2-3 weeks after tumor implantation. Tumor 
metastatic nodules in lungs were counted after 
fixation with Fekete’s solution. 

Flow cytometric analysis

After Fc blocking, cells were stained with the 
following immunofluorescence-conjugated anti-
bodies in mouse study: anti-CD45-APC (BD 
Biosciences), anti-CD3e-APC (BD), anti-CD3e-
FITC (BD), anti-CD3e-PerCP/Cy5.5 (BD), anti-

CD8a-PE (BD), ant-CD8a-PE/Cy5 (BioLegend), 
anti-CD11b-FITC (BioLegend), anti-CD11b-Per-
CP/Cy5.5 (BioLegend), anti-Gr1-PE (BioLe- 
gend), anti-PD1-FITC (BioLegend), anti-annexin 
V-PE (BD), anti-DIP2A-FITC (Bioss), anti-LAG3-
PE (BioLegend), anti-Eomes-PE (Invitrogen), 
anti-TIM3-Alexa 488 (R&D), anti-TIGIT-PE (Bio- 
Legend), or the appropriate isotype control. 
Data were acquired using the FACSCalibur 
cytometer (BD), and were analyzed by Cellquest 
software (BD). In clinical study, the following 
antibodies were used: anti-CD45-APC-Cy7 
(BioLegend), anti-CD3-BUV496 (BD), anti- 
CD8-BUV395 (BD), anti-Ki67-FITC (BioLegend), 
anti-GZMB-PE-Cy7 (BioLegend), anti-CD11b-
BV510 (BioLegend), anti-DIP2A (Bioss), anti-
LAG3 (BioLegend), or the appropriate isotype 
control. For intracellular staining, cells were 
treated with Cytofix/Cytoperm solution (BD) 
before antibody staining. Data were acquired 
using a BD LSR Fortessa X-20 cytometer (BD), 
and were analyzed by FlowJo software (BD). 
Before defining the specific molecular expres-
sions, debris was firstly excluded by FSC/SSC, 
and immunofluorescence intensity was com-
pared to the isotype control. 

Clinical analysis

For immunohistochemical analysis, we used 
tumor tissues surgically resected from patients 
with stage I-IV CRC at National Cancer Center 
Hospital East (June 2010-January 2012), 
according to the protocol approved by the 
Institutional Review Board of the National 
Cancer Center (n = 306; Table 1). No patients 
received systemic chemotherapy before sur-
gery. We stained the paraffin-embedded tumor 
sections with the following antibodies as 
described before [11]: anti-DIP2A-FITC (Bioss), 
anti-FSTL1-PE, anti-LAG3-PE (R&D), anti-CD8-
FITC (BD), or the isotype IgG (BioLegend). The 
immunofluorescence intensity was automati-
cally measured as pixel counts at two fields  
per section using a LSM700 Laser Scanning 
Microscope (Carl Zeiss), and the average was 
used in graphs. The mean pixels stained with 
isotype control (background) were FSTL1  
0.5 × 104 and DIP2A 2 × 104. The mean pixels 
in normal tissues were FSTL1 1.8 × 104 and 
DIP2A 3.2 × 104 (mean normal), and the mean 
pixels in tumor tissues were FSTL1 2.3 × 104 
and DIP2A 7.1 × 104 (mean tumor). The molecu-
lar expression patterns were categorized into 4 
levels: Level 0, less than background (no 
expression); Level 1, more than background 
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but less than mean normal (weak expression); 
Level 2, more than mean normal d but less 
than mean tumor (moderate expression); Level 
3, more than mean tumor (strong expression). 
For flow cytometry analysis, PBMCs were iso-
lated from EDTA-added peripheral blood 
obtained from healthy donors (n = 4; 40-43 
years old) and patients with stage IV metasta- 
tic CRC (n = 11; 57-79 years old; male = 7, 
female = 4) at National Cancer Center Hospital 
(November 2018-January 2020) according to 
the protocol approved by the Institutional 
Review Board of the National Cancer Center. 
The plasma was tested for FSTL1 using an 
ELISA kit (R&D). All activities were conducted in 
accordance with the ethical principles of the 
Declaration of Helsinki. 

Statistical analysis

Data indicate means ± SDs unless otherwise 
specified. Significant differences (P value < 
0.05) were statistically evaluated using 
GraphPad Prism 7 software (MDF) or SPSS 
Statistics 23.0 software (IBM). Data between 
two groups were analyzed by the unpaired two-
tailed Student’s t test. Data among multiple 
groups were analyzed by one-way ANOVA, fol-
lowed by the Bonferroni post-hoc test for pair-

significantly slower than the mock growth after 
subcutaneous (s.c.) implantation in mice (P < 
0.0004; Figure 1B). These suggest FSTL1 over-
expression confers EMT-like properties on 
tumor cells as reported elsewhere [13, 14]. In 
the TR tumors, CD3+ T cells temporally but 
abundantly increased (P = 0.019 versus mock 
on day 14), but were apoptotic expressing 
annexin V and PD1 followed by marked de- 
crease in a week (P = 0.0001 versus mock on 
day 21; Figure 1C). Apoptotic T cells also signifi-
cantly increased in spleen of the TR-implanted 
mice (P = 0.018 versus mock on day 14), and 
CD8 intensity that is important for T-cell activa-
tion was downregulated in the cells (Figure 1D). 
This suggests that local FSTL1 expression in 
tumors systemically damages anti-tumor immu-
nity in the host. These results are consistent 
with previous data using other tumor models 
[18]. In the present study, however, we addition-
ally found significant increase of a subset 
expressing a FSTL1 receptor DIP2A and an IC 
molecule LAG3 in splenic CD11b+Gr1+ myeloid 
cells of the TR-implanted mice (P < 0.0001 ver-
sus mock; Figure 1E). This raised a question of 
whether the increased CD11b+DIP2A+LAG3+ 
cells might be involved in the T-cell exclusion 
mechanisms. 

Table 1. Demographics of colorectal cancer patients and 
the statistical association with FSTL1/DIP2A expres-
sions in the tumor tissues
Characteristics (n = 306)
Median age (range) FSTL1, P = 0.729; DIP2A, P = 0.795

65 (26-85)
Sex FSTL1, P = 0.496; DIP2A, P = 0.897
    Male 172 (56.2%)
    Female 134 (43.8%)
Pathological stage FSTL1, P = 0.195; DIP2A, P = 0.857
    1 64 (20.9%)
    2 105 (34.3%)
    3 97 (31.7%)
    4 40 (13.1%)
Tumor depth FSTL1, P = 0.566; DIP2A, P = 0.148
    1 22 (7.2%)
    2 59 (19.3%)
    3 180 (58.8%)
    4 45 (14.7%)
Lymph node metastasis FSTL1, P = 0.783; DIP2A, P = 0.802
    0 182 (59.5%)
    1 88 (28.8%)
    2 36 (11.8%)

wise comparison of groups based on the 
normal distributions. Non-parametric 
groups were analyzed by the Mann-
Whitney test, the Jonckheere-Terpstra 
test, and the Chi-squared test. Survival 
of mice and patients was analyzed by 
the Kaplan-Meier method and ranked 
according to the Mantel-Cox log-rank 
test. Correlation between two factors 
was evaluated by the nonparametric 
Spearman’s rank test. 

Results

Apoptotic T cells increase in the mice 
with FSTL1+ colorectal cancer 

To clearly examine the influences of 
CRC-derived FSTL1, we firstly estab-
lished FSTL1 transfectants using murine 
CRC FSTL1-/low MC38 cells. The FSTL1 
transfectants (designated TR) showed a 
significantly higher invasive property, 
but significantly lower proliferative and 
adhesive property as compared to mock 
transfectant (P < 0.05; Figure 1A). In 
vivo growth of the TR tumors was also 
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The T-cell apoptosis is caused by the FSTL1+ 
tumor-induced CD11b+DIP2A+LAG3+ cells 

When naive CD11b+ cells were stimulated with 
FSTL1, LAG3 expression was upregulated, and 
the LAG3 upregulation was abrogated by anti-
FSTL1 mAb (Figure 2A). This suggests that  
the CD11b+LAG3+ cells expansion in the 
TR-implanted mice are possibly induced by the 
tumor-derived FSTL1. Then, we characterized 
the CD11b+ cells containing the DIP2A+LAG3+ 
subset sorted from SPCs of the TR-implanted 
mice (designated TR-CD11b+). When CD8+ T 
cells were cocultured with the TR-CD11b+ cells 
in the presence of anti-CD3 mAb for 3-5 days, 

cell proliferation was significantly suppressed 
potentially via apoptosis induction, although 
CD11b+ cells sorted from the mock-implanted 
mice (designated mock-CD11b+) stimulated  
the cell proliferation (P = 0.0003 versus no 
CD11b+ cells; Figure 2B). In the TR-CD11b+-
cocultured CD8+ T cells, IC molecular expres-
sions were markedly enhanced, suggesting 
induction of immune exhaustion (Figure 2C). 
The CD8 intensity that is important for T-cell 
activation was extremely reduced as compar- 
ed to those of CD8+ T cells cocultured with 
mock-CD11b+ cells (Figure 2C). When MC38 
parental cells were s.c. coinjected with the 
TR-CD11b+ cells, tumor growth was markedly 

Figure 1. Apoptotic T cells increase in the mice with FSTL1+ colorectal cancer. A. Establishment of FSTL1 transfec-
tants (TR1-3) using murine colorectal cancer (CRC) MC38 cells. Photos show morphological changes (round types 
to spindle types) after fstl1 transduction (scale = 1,000 µm). FSTL1 in the cultured supernatants was measured 
by ELISA, and cellular functions were tested (n = 3). B. Retardation of the TR tumor growth after subcutaneous im-
plantation in mice (n = 5). C. Increase of PD1+ annexin V+ apoptotic T cells within the TR tumors (day 14; n = 5). D. 
Increase of PD1+ annexin V+ apoptotic T cells in spleen of the TR-implanted mice (day 14; n = 5). E. Expansion of a 
DIP2A+LAG3+ subset in the CD11b+ cells of the TR-implanted mice (day 14; n = 5). Graphs show means ± SDs ex-
cept scatter plots (open circles, individual data; closed circles, means). *P < 0.01, **P < 0.05 versus mock control. 
Representative data of three independent experiments.
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Figure 2. The T-cell apoptosis is caused by the 
FSTL1+ tumor-induced CD11b+DIP2A+LAG3+ cells. (A) 
FSTL1 upregulates LAG3 expression in CD11b+ cells. 
Splenic CD11b+ cells obtained from naive mice were 
stimulated with FSTL1 in the presence or absence 
of anti-FSTL1 mAb, anti-LAG3 mAb, or isotype control 
for 3 days, and were analyzed by flow cytometry. (B, 
C) The TR-stimulated CD11b+ cells suppress CD8+ 
T-cell proliferation partly via LAG3. Splenic CD11b+ 
cells obtained from tumor-implanted mice (day 14) 
were cocultured (2:1) with CD8+ T cells (2:1) in the 
presence of anti-CD3 mAb and/or anti-LAG3 mAb for 
5 days (n = 3). CFSE-labeled CD8+ T cells were used 
for tracking cell division (B). The cocultured CD8+ T 
cells were analysed for expression of immune check-
point molecules by flow cytometry (C). (D) In vivo T-cell 
exclusion caused by the TR-stimulated CD11b+ cells 
partly via the LAG3. MC38 cells were s.c. coinjected 
(1:1) with the CD11b+ cells in mice, and 4 days later, 
the mice were treated with anti-LAG3 mAb or isotype 

facilitated following rare immune infiltration (P 
= 0.003 versus no CD11b+ cells; Figure 2D). 
These suggest that the TR-CD11b+ cells play a 
key role in the T-cell exclusion potentially via 
apoptosis. Interestingly, blocking LAG3 with the 
specific mAb partly but significantly rescued 
from the TR-CD11b+-caused adverse events (P 
< 0.01 versus control), although no effect was 
seen in the tumors coinjected with mock-
CD11b+ cells (Figure 2). This suggests that 
LAG3 that is possibly expressed in the CD11b+ 
myeloid cells is partly involved in the mecha-
nisms, although we have to also take account 
of LAG3 expressed in T cells. 

We validated the findings in human system 
using human CRC HCT116 cells transduced 
with human fstl1. FSTL1 transduction confers 
EMT-like properties on tumor cells as seen in 
mouse MC38 cells (Figure 3A). When CD11b+ 
cells sorted from human PBMCs were stimulat-
ed with the TR-cultured supernatants for 5 
days, the DIP2A+LAG3+ subset was expanded, 
and the increase was markedly suppressed by 
blocking FSTL1 with the specific mAb that we 
established before [11], suggesting involve-
ment of FSTL1 (Figure 3B). When CD3+ T  
cells were cocultured with the TR-stimulated 
CD11b+ cells in the presence of anti-CD3 mAb 
for 5 days, cell proliferation was only slightly 
enhanced (P = 0.240 versus no CD11b+ cells), 
although mock-stimulated CD11b+ cells strong-
ly enhanced the cell proliferation (P = 0.0125; 
Figure 3B). Addition of anti-LAG3 mAb to the 
cocultured with the TR-stimulated CD11b+ cells 
remarkably enhanced the cell proliferation (P = 
0.028 versus control), although no effect of 
anti-LAG3 addition was seen in the cocultured 
with the mock-stimulated CD11b+ cells (Figure 
3B). These suggest the close relationship 
among CRC-derived FSTL1, increase of 
CD11b+DIP2A+LAG3+ cells, and T-cell dysfunc-
tion in human settings. 

Blocking FSTL1 and LAG3 synergizes in treat-
ment of mouse CRC models

Anti-PD1 therapy were ineffective in the 
TR-implanted mice (P = 0.233 versus control; 
Figure 4A). In these mice, although expansion 

control at 10 mg/kg (n = 5). Twenty days after coin-
jection, tumors and spleens were harvested for flow 
cytometric analysis. *P < 0.01, **P < 0.05. Graphs 
show means ± SDs. Representative data of three in-
dependent experiments. 
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Figure 3. Blocking LAG3 interferes the FSTL1-induced T-cell suppression in human system. A. Establishment of 
FSTL1 transfectants (TR1-3) using human CRC HCT116 cells. Photos show morphological changes (round types to 
spindle types) and DIP2A enhancement after fstl1 transduction (scale = 100 µm). FSTL1 in the cultured superna-
tants was measured by ELISA, and cellular functions were tested (n = 3). *P < 0.01 versus mock control. B. The 
TR-induced CD11b+ cells suppress T-cell proliferation via LAG3. CD11b+ were sorted from human PBMCs, and were 
stimulated with tumor supernatant fluids for 5 days followed by flow cytometric analysis for LAG3 and DIP2A expres-
sions. CD3+ T cells were cocultured (2:1) with the stimulated CD11b+ cells in the presence of anti-CD3 mAb and/or 
anti-LAG3 mAb for 5 days (n = 3). **P < 0.05. Graphs show means ± SDs. Representative data of two independent 
experiments.

Figure 4. Blocking FSTL1 and LAG3 synergizes in treatment of mouse CRC models. (A-C) Blocking LAG3 successfully 
elicits anti-tumor effects by suppressing CD8+ T-cell apoptosis in the TR-implanted mice. Mice were s.c. implanted 
with tumor cells, and were i.p. injected with anti-PD1 mAb, anti-LAG3 mAb, or rat IgG as a control (10 mg/kg) on days 
4 and 7 after tumor implantation (n = 5). Tumor growth was measured (A), and tumors and spleen were harvested 
for flow cytometric analysis (B) and cytotoxic assay (E:T ratio = 20:1; C) on day 18. (D) Blocking LAG3 synergizes with 
blocking FSTL1 in the treatment of CRC metastasis models. Mice were both s.c. and intravenously (i.v.) implanted 
with FSTL1+ Colon26 cells, and were i.p. injected with anti-LAG3 mAb, anti-FSTL1 mAb, and/or rat IgG (5 mg/kg) on 
days 4 and 7 (n = 5). *P < 0.01, **P < 0.05 versus control group. Graphs show means ± SDs. Representative data 
of three independent experiments. 
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Figure 5. FSTL1 positivity in tumor tissues significant-
ly correlates with poor prognosis of CRC patients. 
Tumor tissues obtained from CRC patients were im-
munohistochemically analyzed for FSTL1 and DIP2A 
expressions (n = 306). A. Representative photos 
(scale = 100 µm). B. Significant correlation between 
FSTL1 and DIP2A expressions. The molecular expres-
sion patterns were categorized into 4 levels accord-
ing to the immunofluorescence intensity depicted as 
pixel counts: Level 0, no expression; Level 1, weak 
expression; Level 2, moderate expression; and Level 
3, strong expression. C. FSTL1 positivity is reversely 
correlated with overall survival of the patients. 

of apoptotic T cells was slightly suppressed 
(Figure 4B), cytotoxic activity of the CTLs was 
not elevated (Figure 4C). In contrast, anti-LAG3 
therapy induced potent CTLs with much higher 
cytotoxic activity, and the TR tumor growth  
was significantly suppressed in the mice (P = 
0.004: Figure 4A-C). Anti-LAG3 therapy also 
significantly suppressed tumor growth (P 
0.029) and metastasis (P = 0.032) in the 
Colon26 metastasis models (Figure 4D), 
although anti-PD1 therapy was ineffective as 
shown before [11]. However, the impact was 
small on mouse survival (P = 0.075). Anti-FSTL1 
therapy was also effective in this tumor model, 

and significantly enhanced the anti-LAG3 effi-
cacy, resulting in significant better prognosis of 
the mice (P < 0.01 versus monotherapy; Figure 
4D). These suggest that blocking FSTL1 and 
LAG3 successfully elicits potent anti-tumor 
immunity in the hosts with FSTL1+ CRC. 

Clinical relevancy of CD11b+DIP2A+LAG3+ cell 
expansion in CRC 

We finally validated the clinical relevancy of the 
basic findings. FSTL1 expression was upregu-
lated in 43% (Level 2 + 3) of tumor tissues 
obtained from CRC patients (n = 306; Table 1; 
Figure 5A and 5B), and the positivity was 
reversely and significantly correlated with over-
all survival of the patients (P = 0.013; Figure 
5C), as shown in elsewhere [13, 14]. No signifi-
cant relationships with other clinicopathologi-
cal features, such as staging and metastasis, 
were seen. DIP2A expression was also upregu-
lated in 76% of tumor tissues, and the intensity 
was significantly correlated with the FSTL1 
intensity (P < 0.0001; Figure 5B). No significant 
correlation was seen between DIP2A expres-
sion and the clinicopathological features. 
DIP2A was mostly expressed in FSTL1+ tumor 
cells, although the total intensity was com-
posed of all cells, including tumor cells, stromal 
cells, and immune cells by full scan. Evaluation 
of LAG3 expression was impossible because of 
the limitation of the specimens. We also ana-
lyzed peripheral blood obtained from stage IV 
metastatic CRC patients (n = 11) and healthy 
donors (n = 4). FSTL1 was significantly in- 
creased in the peripheral blood of the patients 
as compared to that of healthy donors (P = 
0.006; Figure 6A), and a DIP2A+LAG3+ subset 
was expanded in the CD11b+ PBMCs (P =  
0.048 versus Healthy; Figure 6B, 6C). In the 
patients, CD3+CD8+Ki67+GZMB+ T cells were 
markedly reduced (P = 0.025), and the decrea- 
se was significantly correlated with increase  
of the CD11b+DIP2A+LAG3+ cells (P = 0.005; 
Figure 6C). These show the clinical relevancy of 
the basic findings. Collectively, targeting FSTL1 
along with LAG3 may be a promising strategy 
for treating metastatic CRC in the clinical 
settings. 

Discussion

In this study, we uncover the immunological 
mechanisms caused by CRC-derived FSTL1. 



CD11b+DIP2A+LAG3+ cell-driven immune dysfunction in colorectal cancer

5436	 Am J Cancer Res 2021;11(11):5428-5439

Figure 6. CD11b+DIP2A+LAG3+ cells are expanded in 
peripheral blood of metastatic CRC patients. PBMCs 
were obtained from healthy donors (n = 4) and pa-
tients with stage IV metastatic CRC (n = 11). A. FSTL1 
concentration measured by ELISA (means ± SDs). B. 
Gating strategy and representative dot plot data in 
flow cytometric analysis. C. Significant correlation 
between CD11b+DIP2A+LAG3+ cell expansion and 
CD3+CD8+Ki67+GZMB+ T-cell reduction. Open circles, 
healthy donors. Closed circles, CRC patients. The P 
value in the scatter plot was analyzed by the non-
parametric Spearman’s rank test. 

FSTL1+ tumor cells with EMT-like properties 
abundantly expand CD11b+DIP2A+LAG3+ mye- 
loid cells, which induce apoptosis in T cells 
partly via LAG3 signaling leading to immune 
dysfunction. We confirmed in the in vitro set-
tings that human FSTL1+ CRC cells expand 
CD11b+DIP2A+LAG3+ cells that are incompe-
tent to stimulate T-cell proliferation. Blocking 
LAG3, however, suppresses the apoptosis 
induction in T cells, and successfully induces 
anti-tumor efficacy in the FSTL1+ tumor metas-
tasis models. The anti-LAG3 therapy synergiz- 
es with anti-FSTL1 therapy in providing better 
prognosis in the mice. In metastatic CRC 
patients, FSTL1 is upregulated in tumor tissues 
and peripheral blood accompanied by expan-
sion of the CD11b+DIP2A+LAG3+ cells and 
decrease of potent CTLs. Thus, targeting the 

FSTL1-LAG3 axis may be a promising strategy 
for treating metastatic CRC, and anti-FSTL1/
LAG3 combination regimen may be practically 
useful in the clinical settings.

We previously demonstrated that tumor-derived 
FSTL1 induces immune exhaustion and dys-
function through expansion of activated mes-
enchymal stem cells (MSCs) [11, 18]. In the 
present study, we additionally identified anoth-
er mechanism of immune dysfunction mediat-
ed by T-cell apoptosis caused by the FSTL1-
induced CD11b+DIP2A+LAG3+ cells. This find- 
ing further deepens the understanding of the 
FSTL1 roles in cancer pathogenesis. CD45- 
MSCs partly expressing DIP2A and LAG3 were 
also expanded in mice and patients with  
FSTL1+ CRC as well as other tumor models in 
our previous studies [11, 18]. However, the pro-
portion and the number of the CD11b+DIP2A+ 

LAG3+ cells were absolutely larger than those 
of the MSCs, potentially giving much wider and 
stronger influences in the host. These suggest 
that the FSTL1-induced CD11b+DIP2A+LAG3+ 
cells are the key driver of immune dysfunction 
in metastatic CRC. 

FSTL1 is known to regulate tumor progression 
and metastasis not only positively as a tumor 
facilitator as shown in our studies, but also  
negatively as a tumor suppressor followed by 
increase of tumor-infiltrating cells (TILs) [20, 
21]. The discrepancy may depend on the differ-
ences of tumor cells, mouse models, or the 
broad range of biological actions of FSTL1. 
However, the tumor suppression induced by 
FSTL1 may be explainable by the low prolifera-
tive property conferred via the EMT program, 
and the increased TILs may be apoptotic and 
disappearing sometime after the sampling as 
shown in our study. Actually, TILs were rarely 
seen in the tumor tissues of many CRC patients. 

LAG3 is an IC molecule involved in immune 
exhaustion and dysfunction, particularly of 
anti-tumor effector cells, such as T cells and NK 
cells, and thus targeting LAG3 has attracted 
attention as a promising strategy for reinvigo-
rating these cells under cancer [22]. In our 
study, however, LAG3 expressed in myeloid 
cells was a key player in the immune dysfunc-
tion caused by FSTL1+ CRC, and was function-
ally critical for inducing apoptosis in T cells, 
although the detailed mechanisms should be 
elucidated. In addition, there were no differ-
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ences of LAG3 expression in T cells between 
healthy donors and CRC patients. LAG3 expres-
sion has been shown in other cells, such as B 
cells [23, 24], plasmacytoid dendritic cells [25], 
and macrophages [24], although the cellular 
functions remain unclear. LAG3 has several 
receptors/ligands [26], and some of them such 
as galectin 3 [27] and CLEC4G [28] are associ-
ated with T-cell dysfunction and apoptosis. 
These molecules may be involved in the T-cell 
apoptosis mechanism shown in this study. The 
details should be defined in the further studies 

Anti-LAG3 mAbs have been developed in com-
bination with other agents for treating various 
types of cancer, although the evaluation is still 
underway [22]. FSTL1 blockade may be useful 
for boosting the therapeutic activity, particular-
ly in the treatment of metastatic CRC. Anti-
PD1/PDL1 mAbs have been favorably com-
bined with anti-LAG3 mAbs in many clinical tri-
als [29, 30]. However, it will be necessary to 
change the therapeutic strategy based on the 
scientific evidence. Anti-FSTL1 therapy may be 
one of the better choices to enhance the anti-
LAG3 efficacy, and FSTL1 expression in tumors 
may be useful for predicting potential unre-
sponsiveness to the anti-PD1/PDL1 therapy. 
Thus, this study provides a rationale of target-
ing FSTL1 along with LAG3 in the treatment of 
metastatic CRC. To translate the findings to 
clinic, further studies using more clinical sam-
ples are needed to define the relationships with 
anti-PD1 responses and the related biomark-
ers, such as PDL1 expression, MSI, and muta-
tion burden in tumor tissues. 
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