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ABSTRACT

Gastric adenocarcinoma (GC) is a leading cause of cancer-related deaths 

worldwide. The transcription factor gene Friend Leukemia Integration 1 (FLI1) is 

methylated and downregulated in human GC tissues. Using human GC samples, we 

determined which cells downregulate FLI1, when FLI1 downregulation occurs, if FLI1 

downregulation correlates with clinical-pathologic characteristics, and whether FLI1 

plays a role in invasion and/or proliferation of cultured cells. We analyzed stomach 

tissues from 98 patients [8 normal mucosa, 8 intestinal metaplasia (IM), 7 dysplasia, 

91 GC] by immunohistochemistry for FLI1. Epithelial cells from normal, IM, and 

low-grade dysplasia (LGD) showed strong nuclear FLI1 staining. GC epithelial cells 

showed significantly less nuclear FLI1 staining as compared to normal epithelium, 

IM and LGD (P=1.2×10-5, P=1.4×10-6 and P=0.006, respectively). FLI1 expression 

did not correlate with tumor stage or differentiation, but was associated with patient 

survival, depending on tumor differentiation. We tested the functional role of FLI1 

by assaying proliferation and invasion in cultured GC cells. Lentiviral-transduced 

FLI1 overexpression in GC AGS cells inhibited invasion by 73.5% (P = 0.001) and 

proliferation by 31.5% (P = 0.002), as compared to controls. Our results support a 

combined role for FLI1 as a suppressor of invasiveness and proliferation in gastric 

adenocarcinoma, specifically in the transition from pre-cancer lesions and dysplasia 

to invasive adenocarcinoma, and suggest that FLI1 may be a prognostic biomarker 

of survival in gastric cancers.

INTRODUCTION

Gastric cancer (GC) is the 5th most common 

cancer and the 4th leading cause of cancer-related deaths 

worldwide [1, 2]. The most common histopathologic type 

of stomach cancer is adenocarcinoma, also known as 

gastric adenocarcinoma [3]. Most gastric adenocarcinomas 

develop through a stepwise progression of histologic 

lesions, starting with gastritis, followed by intestinal 

metaplasia, dysplasia (low and high-grade), and eventually 

invasive adenocarcinoma [4, 5]. The main risk factor for 

gastric adenocarcinoma is Helicobacter pylori-associated 

chronic gastritis (reviewed in [6]). Helicobacter pylori 

infection of the stomach leads to interaction of the bacteria 

and inflammatory mediators with gastric epithelial 

cells, including progenitor and stem cells, resulting in 

accumulation of mutations, epigenetic modifications and 

deregulation of cellular function that may ultimately lead 

to dysplasia and adenocarcinoma [7, 8]. Along this cancer 

progression pathway, gastric epithelial cells undergo 

alterations in their transcriptional program, either due 

to genetic events (e.g. mutations, translocations, genetic 

losses and gains) or by epigenetic events, including DNA 

methylation.
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DNA hypermethylation occurs in some subsets 

of gastric adenocarcinomas, namely Epstein-Barr virus 

(EBV)-associated gastric adenocarcinomas, gastric 

adenocarcinomas with microsatellite instability (MSI), 

and other gastric cancers with CpG island methylator 

phenotypes (CIMP) [9]. CpG methylation occurs early 

in gastric carcinogenesis, involving genes such as MLH1 

and CDKN2A, among others, and can be seen in non-

neoplastic gastric epithelium as part of an epigenetic “field 

defect” [10–20]. Genome-wide methylation of gastric 

adenocarcinomas and gastric pre-cancer lesions have been 

characterized in a number of studies [9–21]. We recently 

reported the progressive downregulation of cancer-related 

genes by CpG methylation in gastric carcinogenesis, and 

found that FLI1 gene hypermethylation was associated 

with reduced transcription in gastric adenocarcinoma 

tissues [21]. FLI1 (Entrez Gene ID 2313) encodes an 

E26 transformation specific (ETS) family transcription 

factor that regulates genes involved in proliferation and 

differentiation, with previously reported roles mainly in 

endothelial and hematopoietic cells [22, 23]. The role of 

FLI1 in epithelial cells is not well known, and studies 

have shown conflicting roles for FLI1 in these cells. For 

example, two studies showed that overexpression of FLI1 

promotes malignancy in breast cancer [24, 25], while a 

different breast cancer model suggested that FLI1 acts as a 

tumor suppressor gene [26]. Additionally, FLI1 was shown 

to be commonly hypermethylated and downregulated 

in colorectal adenomas and adenocarcinomas [27, 28], 

further suggesting a possible tumor suppressor role in 

epithelial cells.

Since we previously found decreased transcription 

of FLI1 in gastric adenocarcinoma tissues [21], we 

hypothesized that FLI1 may act as a tumor suppressor 

and that its expression would decrease in the progression 

of gastric carcinogenesis from normal epithelium to 

dysplasia and adenocarcinoma. However, previous 

studies examining hypermethylation and expression 

have only analyzed whole tissue, and thus the spatial 

and cellular distribution of FLI1 in gastric mucosa 

and in gastric adenocarcinoma cells have not been 

characterized. In order to examine which cells in gastric 

adenocarcinomas and pre-cancer lesions show altered 

FLI1 expression, we analyzed formalin fixed paraffin 

embedded (FFPE) tissues by immunohistochemistry 

(IHC) for FLI1, and analyzed the expression pattern 

of FLI1 in situ in human stomach samples, including 

normal stomach antrum and body/fundus, intestinal 

metaplasia, dysplasia, and invasive adenocarcinoma. We 

then assessed potential associations of FLI1 expression 

with tumor and clinical parameters, including tumor 

differentiation, stage, and survival. Further, we 

characterized the expression of FLI1 in gastric cancer 

cell lines and determined the functional role of FLI1 

in AGS gastric adenocarcinoma cells in culture by 

overexpression via lentiviral transduction.

RESULTS

Characterization of FLI1 expression in normal, 

pre-neoplastic, and neoplastic gastric epithelial 

cells

To characterize the expression pattern of FLI1 in 

gastric mucosa without intestinal metaplasia, mucosa 

with intestinal metaplasia (IM), dysplasia, and gastric 

adenocarcinoma, we stained and analyzed tumor 

microarrays (TMAs) and traditional whole tissue sections 

from 98 patients by H&E stains and IHC (see Table 1 for 

summary).

Since IHC for FLI1 showed variable staining in 

normal epithelium and gastric adenocarcinoma cells, 

we employed a composite scoring system taking into 

account both intensity and frequency of positive nuclei 

in the tissue of interest to generate an H-score [29], 

where the proportion and intensity scores only included 

epithelial cells. Additionally, for normal and intestinal 

metaplasia samples in the TMAs, the depth of gastric 

mucosa represented in the cores of tissue used to generate 

the TMAs varied, with some cores showing surface and 

deep glandular epithelium, and other cores showing just 

deep glandular epithelial cells. Thus, in order to compare 

scores fairly across tissue cores, we only evaluated deep 

glandular epithelial cells. Normal mucosa and IM samples 

were represented in their own cores in the TMAs, and thus 

were scored separately from tumor cores. We found strong 

nuclear FLI1 staining in endothelial and hematopoietic 

cells in the lamina propria, as expected, which served 

as internal positive controls. Normal gastric glandular 

epithelial cells showed strong nuclear FLI1 staining in 

deep antral and oxyntic glands, with mean H-score of 

187.9 (Figures 1A and 1B). Epithelial cells of deeper 

areas of intestinal metaplasia also showed strong nuclear 

staining with mean H-score of 193.7 (Figure 1C). Normal 

antral mucous gland epithelial cells and oxyntic epithelial 

cells showed similar nuclear FLI1 expression (Figure 1A 

and 1B, respectively). Furthermore, intestinal metaplasia 

epithelial cells showed strong FLI1 expression, which 

was not significantly different from normal antral/oxyntic 

epithelium (Figure 1C and Figure 2).

The distributions and mean H-scores for epithelial 

cells of normal mucosa, intestinal metaplasia, low- and 

high-grade dysplasia and adenocarcinoma are shown in 

Figure 2. The mean H-scores did not show a statistically 

significant difference between low-grade (172.3) and high-

grade dysplasia (140.6, P = 0.22, Dunn test). Low-grade 

dysplasia and high-grade dysplasia did not significantly 

differ from normal stomach glands (P = 0.33 and 0.09, 

respectively). Gastric adenocarcinomas showed variable 

nuclear FLI1 expression (Figures 1D–1I) in the malignant 

epithelial cells, with overall downregulation and H-scores 

ranging from a high of 200 to a low of 20. However, most 

gastric adenocarcinomas showed weak nuclear FLI1 
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staining with an overall mean H-score of 108.2, which 

was significantly lower than normal stomach glands  

(P = 1.2×10-5), intestinal metaplasia (P = 1.4×10-6), and 

low-grade dysplasia (P=0.006) (Figure 2).

Table 1: Clinical and pathologic features of study cases

Parameter Result

Gender No. (%)

Male 61 (62%)

Female 37 (38%)

Age (years) range, median, mean (SEM) 16-95, 71, 69.6 (1.35)

Tumor stage (N = 91) No. (%)

T1 9 (10%)

T2 14 (15%)

T3 34 (37%)

T4 34 (37%)

Histologic type (N = 91) No. (%)

Intestinal 43 (47%)

Diffuse 20 (22%)

Mixed 19 (21%)

Other 5 (5%)

Not stated 4 (4%)

Differentiation (by report) (N = 91) No. (%)

Well 5 (5%)

Moderate 17 (19%)

Moderate to poor 25 (3%)

Poor 41 (45%)

Undifferentiated component 2 (2%)

Not stated 1 (1%)

Tumor location (N = 91) No. (%)

Antrum 37 (41%)

Body/fundus 18 (20%)

Cardia 5 (5%)

Gastroesophageal junction 15 (16%)

Cardia and fundus 5 (5%)

Broad involvement of stomach 9 (10%)

Unknown 2 (2%)

H. pylori status (N = 98) No. (%)

Positive 25 (26%)

Negative 46 (47%)

Unknown 27 (28%)

Characteristics of all patients (N = 98) involved in this study (normal, IM, dysplasia, and adenocarcinoma) and of all 

adenocarcinomas in this study (N = 91). Abbreviations: No., number; SEM, standard error of the mean.
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Figure 1: Representative nuclear FLI1 IHC staining in normal, IM and gastric adenocarcinoma tissues. Antral glands 

(A), oxyntic glands (B), IM (C), representative tumor with high FLI1 H-score of 199 (D–F), representative tumor with low FLI1 H-score 

of 88 (G–I). E, F, H and I show tumor samples with nuclear FLI1 IHC staining, at low (E and H) and high magnification (F and I). (I) 

Arrows point to tumor nuclei with little to no FLI1 positivity. Arrowhead points to stromal cell nucleus with strong FLI1 positivity, serving 

as internal positive control. A-D and G are H&E stains. Low power H&E (J) of stomach with high-grade dysplasia (K) and invasive 

adenocarcinoma (L). High power view of K and L inset are shown as K* and L*. Panel M shows FLI1 IHC of the case represented in 

panel J. High-grade dysplasia with preserved nuclear FLI1 expression is shown in the inset N and as high power view in N*. Invasive 

adenocarcinoma with loss of nuclear FLI1 expression is shown in the inset O and as high power view in O*, where the arrows indicate the 

nuclei of invasive adenocarcinoma. Original magnification 200×.
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One patient’s endoscopic mucosal resection 

specimen showed areas of both high-grade dysplasia and 

adenocarcinoma (Figure 1J–1O). In this patient, the high-

grade dysplastic epithelial cells showed strong nuclear 

FLI1 expression (Figure 1N*, mean H-score = 151.5), but 

the deepest invasive tumor epithelial cells showed almost 

absent nuclear signal (Figure 1O*, mean H-score = 35), 

suggestive of a stepwise downregulation of FLI1. Gastric 

adenocarcinomas in the TMAs showed variable levels of 

nuclear FLI1 expression, but 96% of these tumors had 

an H-score less than the mean score for normal gastric 

glands. Overall, the distribution of H-scores for each 

tissue type shows a pattern of progressively lower nuclear 

FLI1 expression from non-dysplastic tissues of normal 

mucosa and intestinal metaplasia to dysplasia, to cancer, 

reaching a statistically significant drop in expression in 

adenocarcinoma epithelial cells (Figure 2).

Correlation between FLI1 expression and tumor 

differentiation, tumor stage, and patient survival

We then asked if FLI1 could serve as a marker 

for prognosis by determining if FLI1 IHC H-scores 

correlated with tumor differentiation, tumor stage (T1 

to T4) or patient survival. The highest stage of either the 

pathologic T stage at the time of resection or the clinical T 

stage at the time of biopsy was considered for each case. 

There were no significant differences in FLI1 nuclear 

H-scores between pathologic/clinical T stages or tumor 

differentiation (P>0.05, Dunn test).

The overall survival probability for all tumors 

(stages 1 to 4 and including well, moderately and poorly 

differentiated tumors together), did not show differences 

between tumors with a high FLI1 H-score (100 or greater) 

and a low FLI1 H-score (<100) (Figure 3A). However, 

when tumors that were well and moderately differentiated 

or poorly differentiated were analyzed separately, the high 

FLI1-expressing well and moderately differentiated tumors 

had worse survival than those with low FLI1 expression 

(Figure 3B). Intriguingly, the high FLI1-expressing poorly 

differentiated tumors had improved survival as compared 

to those with low FLI1 expression (Figure 3C), suggesting 

a role for FLI1 as a differentiation-dependent tumor 

prognostic biomarker.

Overexpression of FLI1 inhibits proliferation 

and invasion in the AGS human gastric 

adenocarcinoma cell line

We asked if human gastric cancer cell lines also 

show similar reduced levels of FLI1 expression as 

compared to adenocarcinoma cells in vivo. First, we 

interrogated a transcriptional database derived from 

RNA-Seq data from human gastric cancer cell lines [30], 

and found that most of these cell lines do not express 

FLI1 (Figure 4A). The highest FLI1-expressing gastric 

cancer cell line, FU97, is an unusual variant of gastric 

cancer, showing alpha-fetoprotein production [31]. Other 

commonly used gastric adenocarcinoma cell lines, such as 

AGS, showed no detectable FLI1 transcription. To confirm 

these findings, we performed a western blot (Figure 4B) 

on two gastric adenocarcinoma cell lines that expressed 

FLI1 RNA (FU97 and NUGC3) and on three gastric 

adenocarcinoma cell lines that did not (AGS, MKN74, and 

Figure 2: Distributions of FLI1 H-scores for different types of gastric tissue. Bean plots showing the distribution of FLI1 

H-scores for normal, intestinal metaplasia (IM), low-grade dysplasia (LGD), high-grade dysplasia (HGD), and gastric adenocarcinoma 

(GC), with mean H-scores (represented by the largest line in each bean plot) of 187.9 (SEM = 3.25), 193.7 (SEM = 2.37), 172.3 (SEM 

= 15.2), 140.6 (SEM = 14.8), and 108.2 (SEM = 14.6), respectively. A P value <0.05 was considered statistically significant. Significant 

differences in FLI1 H-scores were detected for normal vs GC (P = 1.2×10-5), IM vs GC (P = 1.4×10-6), and LGD vs GC (P = 0.006).



Oncotarget3857www.oncotarget.com

SNU638). The protein levels by western blot correlated 

with the RNA transcription data, where FU97 showed the 

most FLI1 protein production, NUGC3 showed little FLI1 

protein, and the other cell lines showed no detectable FLI1 

protein.

Our results show that FLI1 is commonly lost 

in gastric adenocarcinomas, but methylation of FLI1 

promoter and loss of expression may be a surrogate marker 

for global methylation rather than having a functional role 

in gastric tumorigenesis. To assess if FLI1 has a functional 

role in gastric adenocarcinoma, we overexpressed either 

control plasmid or FLI1 in AGS cells by lentiviral 

transduction, and determined the effect of FLI1 expression 

on invasion and proliferation (Figures 4C and 4D). Similar 

Figure 3: Survival plots of patients with optimal cutoffs for high and low FLI1 H-scores. Survival plots displaying survival 

probability (y-axis) vs time in days (x-axis). (A) Survival plot for all patients analyzed in the TMAs with FLI1 H-score cutoff of 100 to 

separate high and low FLI1-expressing tumors. (B) Survival plot for all patients with well and moderately differentiated tumors, using a 

FLI1 H-score cutoff of 100 to separate high and low FLI1-expressing tumors. (C) Survival plot for all patients with poorly differentiated 

tumors, using a FLI1 H-score cutoff of 110.5 to separate high and low FLI1-expressing tumors. The Cox proportional hazards (PH) model 

and the Mantel-Haenszel log-rank P values are displayed. A P value <0.05 was considered statistically significant.
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proportions of AGS cell transduction were seen between 

control and FLI1 lentiviral particles. FLI1 overexpression 

was confirmed by GFP expression using fluorescence 

microscopy and by quantitative RT-PCR from three 

independent experiments, which ranged from 49 to 

48,722 fold expression as compared to control lentiviral 

transduced cells (mean = 16,341, SEM = 16,190). Using a 

Matrigel invasion assay, overexpression of FLI1 reduced 

AGS cell invasion by 73.5% as compared to control cells 

(Figure 4C, P = 0.001). In parallel, a proliferation assay 

showed that overexpression of FLI1 reduced proliferation 

of AGS cells by 31.5% (Figure 4D, P = 0.002). These 

results support an invasive suppressor role for FLI1 in 

gastric adenocarcinoma.

DISCUSSION

We previously reported that there was decreased 

FLI1 RNA in gastric adenocarcinoma tissues as compared 

to intestinal metaplasia, which inversely correlated 

with FLI1 promoter methylation levels, but the cellular 

localization of FLI1 in cancer tissues has not been 

determined [21]. In the current study, we report that 

nuclear FLI1 expression decreases along the progression 

to adenocarcinoma, with preserved nuclear expression in 

normal antral and oxyntic glands and intestinal metaplasia, 

and decreased expression from low-grade dysplasia and 

high-grade dysplasia to the lowest expression in invasive 

gastric adenocarcinomas.

We then analyzed how nuclear FLI1 expression 

correlated with tumor and clinical features. Loss of 

nuclear FLI1 expression did not correlate with tumor 

stage or tumor differentiation. However, patients 

with low FLI1 H-scores in well and moderately 

differentiated adenocarcinomas survived longer than 

patients with high FLI1 H-scores. Interestingly, the 

opposite observation was seen in patients with poorly 

differentiated adenocarcinomas. That is, for patients with 

poorly differentiated tumors, patients with low FLI1 

H-scores had worse survival. One possible explanation 

for this observation is that FLI1 may play alternative 

roles and differentially affect survival in various gastric 

cancer sub-types characterized by different molecular 

pathways, histological differentiation and/or tumor 

microenvironment.

We also tested if gastric adenocarcinoma cell 

lines show loss of FLI1 expression, similar to our in 

vivo observations. By RNA analysis, only rare gastric 

adenocarcinoma cell lines showed FLI1 expression, 

with FU97 showing the highest level of expression. 

Western blot results correlated with transcriptional data, 

confirming high expression of FLI1 in FU97, low FLI1 

expression in NUGC3, and the lack of FLI1 expression 

in more commonly used cell lines such as AGS, MKN74 

and SNU638. FU97 is a gastric adenocarcinoma cell line 

that also expresses alpha-fetoprotein, which represents 

a rare variant of gastric adenocarcinoma [31]. Thus, the 

significance of high FLI1 expression in this unusual 

cell line is unclear. However, the majority of gastric 

adenocarcinoma cell lines do not express FLI1, which is 

in agreement with our results from IHC on primary human 

samples. Additionally, we showed evidence that FLI1 has 

a functional role in gastric adenocarcinoma, rather than 

acting as a surrogate marker for global DNA methylation. 

Figure 4: Overexpression of FLI1 in AGS cells inhibits invasion and proliferation. (A) Normalized (log2) expression 

(Fragments per Kb of transcript per Million fragments mapped, FPKM) of FLI1 in gastric adenocarcinoma cell lines (FU97, NUGC3, AGS, 

MKN74, SNU638). (B) Western blots performed with anti-FLI1 (top, ~55kDa) and anti-β-actin (bottom, ~42kDa) antibodies on protein 
extracts from human gastric adenocarcinoma cell lines. Invasion assay (C) and proliferation assay (D) of AGS cells transduced with either 

control or FLI1 expression vector lentiviral particles.
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AGS cells overexpressing FLI1 from a lentiviral vector 

showed reduced levels of invasion and proliferation 

as compared to control AGS cells. Since invasion was 

assayed by quantifying the number of cells that invaded 

through a Matrigel-coated membrane, the reduction of 

proliferation in AGS cells overexpressing FLI1 would 

affect the invasive assay quantification. However, since 

the reduction in proliferation was much smaller than 

the level of reduction of invasion (31.5% vs 73.5%), we 

conclude that the reduction in invasion was at least partly 

due to a change in the invasive properties of the tumor 

cells. Therefore, our findings suggest a functional role 

of FLI1 in suppressing invasion of gastric cancer cells. 

Further, our finding that FLI1 affects invasiveness and 

proliferation in the AGS cell line warrants future studies 

to detail whether motility is affected in conjunction with 

or independent of cell proliferation and viability. Future 

studies to characterize the mechanisms of FLI1 regulation 

and the role of FLI1 in additional cell lines as well as in 

animal models are warranted.

FLI1 is best known for its role in Ewing’s sarcoma 

where a translocation event between chromosomes 11 and 

22 results in an oncogenic EWS-FLI1 fusion protein. This 

fusion protein aberrantly activates or represses enhancer 

elements via the N-terminal transactivation domain from 

EWS and the C-terminal DNA binding domain of FLI1 

[32]. However, this oncogenic potential is dependent on 

the chimeric nature of the fusion protein, and does not 

necessarily reflect the native function of FLI1. Knockout 

of Fli1 in mice is embryonic lethal, and these mice 

show vascular abnormalities and thrombocytopenia, 

pointing to an essential role of FLI1 in endothelial cells 

and megakaryocytes [33]. In humans, Paris-Trousseau 

syndrome demonstrates the native role of FLI1, whereby 

the loss of chromosome 11q, the location of FLI1, leads 

to thrombocytopenia following defects in megakaryocytes 

[33, 34]. While there is a clear role for FLI1 in 

hematopoietic cells, in particular megakaryocytes, its role 

in epithelial cells has not been fully elucidated. The tissues 

with the highest FLI1 expression are spleen, lymph node, 

appendix, placenta, and lung, [35] all of which are rich 

in hematopoietic and/or endothelial cells. However, few 

studies examined the functional role for FLI1 in epithelial 

cells. In breast cancer studies, there are conflicting results 

regarding the role of FLI1 in these cells. In a murine breast 

cancer model, Fli1 was shown to act as a tumor suppressor 

[26], but studies examining human breast cancer showed 

that FLI1 enhances tumor properties [24, 25] and that its 

expression correlates with poor prognostic factors such 

as lymph node metastasis and poor differentiation [25]. 

In oral squamous cell carcinoma (OSCC), FLI1 served 

as a prediction marker for radiotherapy resistance [36]. 

In that study, FLI1 expression was detected in epithelial 

cells by IHC but the staining pattern was cytoplasmic, not 

nuclear, the significance of which is uncertain given that it 

is known to function as a transcription factor. Interestingly, 

however, as compared to normal tissue, the FLI1 gene was 

methylated in OSCCs [37]. FLI1 is also downregulated 

in intraductal papillary mucinous neoplasms (IPMNs) 

[38] and in colorectal adenocarcinomas [27, 28]. In a 

comprehensive TMA study evaluating many different 

types of tumors by IHC, only 3% of stomach cancers 

(2/67) showed FLI1 positive staining [39], supporting 

our findings that FLI1 is commonly lost in gastric 

adenocarcinomas. While FLI1 has a known role in 

hematopoiesis, these studies lend evidence towards a 

tumor suppressor role for FLI1 in various epithelial 

tumors, especially in the gastrointestinal tract.

In our previous study where we analyzed the TCGA 

gastric adenocarcinoma dataset [21], we showed that 

FLI1 was methylated in gastric adenocarcinomas, and 

its expression was inversely correlated with its level of 

methylation. Moreover, FLI1 expression was lowest in 

microsatellite-unstable (MSI) tumors compared with other 

gastric cancer molecular subtypes.

The clinical GC samples in the TMAs used in our 

current study were not classified as EBV (Epstein Barr 

virus), MSI (microsatellite instability), CIN (chromosomal 

instability), or GS (genomically stable) subtypes [9]. 

However, we performed EBV in situ hybridization and 

only 4 GC cases were EBV positive. We also performed 

MLH1 immunostaining of our TMAs and detected only 

8 GC cases with loss of MLH1 indicating these tumors 

were of MSI type (data not shown). The small numbers of 

MLH1 deficient/MSI cases in our study is insufficient to 

assess the association of MSI and FLI1. However, these 

data show that most of our cases were of the CIN or GS 

subtypes.

In summary, our data show that FLI1 expression is 

commonly downregulated in gastric cancers, support a 

combined role for FLI1 as a suppressor of invasiveness 

and proliferation in gastric cancer, in particular in the 

transition from pre-cancer lesions (IM and dysplasia) to 

invasive adenocarcinoma, and suggest that FLI1 may be 

a prognostic biomarker of survival in specific sub-groups 

of gastric cancers.

MATERIALS AND METHODS

Tissue samples and construction of gastric 

adenocarcinoma microarray

This study was approved by an institutional review 

board at Columbia University. A search in our pathology 

database of the Department of Pathology and Cell Biology, 

Columbia University, was performed to identify surgical 

resection specimens for gastric and gastroesophageal 

junction adenocarcinomas between 2002 and 2012. Slides 

from formalin fixed, paraffin embedded (FFPE) tissue 

blocks were reviewed to select areas of tumor, normal 

stomach mucosa and intestinal metaplasia to generate 

six tumor microarrays (TMAs), representing 110 cases 
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of gastric adenocarcinoma. The cores in the microarray 

were 2 mm in diameter, and 54 cores were placed on 

each TMA, with two additional cores of control placental 

tissue. For each tumor case, there were at least two cores, 

from representative cancer areas. When selecting for 

normal gastric mucosa and IM, we selected areas away 

from the tumor, such that each core was usually dedicated 

to a single tissue type, allowing a separate scoring of 

malignant and non-malignant cells. Further, in TMA cores 

containing cancer tissue, only malignant epithelial cells 

were scored for FLI1, while non-malignant epithelial cells 

or any other cells present were not scored.

Additionally, we searched our pathology database 

for cases of dysplasia in the stomach between 7/2016 to 

5/2017, which yielded seven cases, including one case 

showing low-grade dysplasia and high-grade dysplasia, 

and one case showing high-grade dysplasia and gastric 

adenocarcinoma. Of these patients, three had a history 

or a concurrent diagnosis of gastric adenocarcinoma, and 

one developed an adeno-squamous carcinoma of unknown 

origin. The other three patients with dysplasia had no 

history or development of gastric adenocarcinoma, per our 

clinical records. The sections of dysplasia and the TMAs 

were stained with hematoxylin and eosin (H&E) for 

histological assessment of morphology, grade of dysplasia, 

and tumor grade.

FLI1 immunohistochemistry (IHC) and scoring

Tissue sections were stained using a clinically 

validated mouse monoclonal antibody to human FLI1 

(clone MRQ-1, Cell Marque). We used a clinically validated 

automated immunostaining protocol for FLI1 that is 

routinely used for clinical samples in an automated Leica 

Bond immunostaining system, and staining of our research 

samples were performed alongside clinical samples, using 

the clinical control tissues (skin, tonsil, bowel and spleen).

Briefly, slides of FFPE 5 micron thick tissue sections 

were incubated in Leica Bond ER2 solution (pH 9) for 

20 minutes, and then labeled with Bond Polymer Refine 

Detection along with anti-FLI1 antibody for 30 minutes. 

FLI1 IHC slides were scored on a scale of 0, 1, or 2, based 

on nuclear intensity, where a score of 0 was given for no 

nuclear signal, a score of 1 for mild to moderate nuclear 

signal, and a score of 2 for strong nuclear signal similar to 

the intensity seen in internal positive controls (endothelial 

cells and lymphocytes). Cytoplasmic staining when 

present was minimal, and was interpreted to represent 

background stain that was not scored. In order for a core to 

be considered adequate for scoring, clear tissue of interest 

(normal, IM, or gastric adenocarcinoma) must have been 

present and recognizable to the pathologist. Additionally, 

at least 50 cells of interest needed to be present. If there 

were too few cells or if it was too difficult to distinguish 

poorly differentiated cancer cells from background stromal 

cells, the core was not scored.

To capture the variability within a single sample, we 

also estimated the percentage of cells of interest (antral 

or oxyntic glands, intestinal metaplasia, or neoplastic 

cells) for each score. An H-score [29] was then calculated 

by multiplying the percentage (x 100) of cells with a 

given score by the score value, and taking the sum, for 

a maximum score of 200. For normal gastric mucosa 

and intestinal metaplasia tissues, the deeper glandular 

epithelial cells were scored because surface epithelium 

was not always present in TMAs. The 2 mm cores in the 

TMAs were generally of sufficient diameter to contain 

enough architecture to evaluate normal mucosa and IM, 

and deeper glandular areas were easily identified in some 

TMA cores that had adequate orientation of the mucosa. 

In other TMA cores, the surface of the mucosa was not 

completely represented, since we could not identify the 

surface epithelium, but all cases had deep glandular 

profiles, which we could easily identify by their proximity 

to the muscularis mucosae and/or the typical histologic 

features of gastric glands.

To minimize potential scoring bias, we scored the 

TMAs cores in a blinded fashion, and consecutive scoring 

of duplicates from the same patient was systematically 

avoided. Once the H-scores were calculated, the key 

to the TMAs was revealed to determine if two or more 

samples came from the same tumor, and mean scores were 

calculated.

Of the 110 cases of gastric adenocarcinoma in the 

TMA, 91 had adequate tissue for scoring. Eighty-four tumor 

samples had at least two cores represented in the TMAs 

and an average of the H-scores was taken for these cases. 

Seven tumor samples had only one core represented in the 

TMAs. One specimen had two simultaneous primary gastric 

adenocarcinomas that were staged as pT3 and pT1, but only 

the pT3 lesion was sampled for the TMA. Nineteen tumor 

cases were not scored due to difficulty in distinguishing 

tumor cells from normal cells or due to the lack of tumor 

cells (e.g. due to tissue loss or non-representative portion of 

tumor in the TMA). There were eight patients with normal 

stomach controls and eight with intestinal metaplasia, and 

six patients in each of these groups had two cores of tissues 

scored in the TMAs. In addition to the cases represented in 

the TMAs, we also analyzed seven patients with dysplasia. 

Among the seven patients with dysplasia, three had a history 

or a concurrent diagnosis of gastric adenocarcinoma, and 

one developed an adeno-squamous carcinoma of unknown 

origin. The other three patients with dysplasia had no history 

of gastric adenocarcinoma. Staining of cases with dysplasia 

was performed using whole sections of tissue, and lesions 

were scored by taking the mean of two representative areas 

of interest.

Tumor differentiation and staging

Tumor staging and differentiation information was 

collected from pathology reports. If a patient received 
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treatment prior to resection, the higher T stage of either 

clinical-radiologic or pathologic staging was recorded. 

All tumors were staged according to the American Joint 

committee on Cancer (AJCC) 7th edition. If a tumor was 

characterized as “moderately to poorly differentiated” or 

“moderately to focally poorly differentiated,” then the 

tumor was classified as moderately differentiated for this 

study.

Statistical analyses

Since the FLI1 H-score data failed all normality 

tests (R package “nortest” version 1.0-4) the non-paired 

Wilcoxon rank sum test with continuity correction was 

used to compare FLI1 H-scores between two groups. 

The non-parametric Kruskal-Wallis rank sum test with 

the post-hoc Dunn test for multiple comparisons was 

used to compare differences between expression of 

FLI1 in multiple groups. The Fisher’s exact test was 

performed to evaluate the frequency of tumor stage or 

tumor differentiation phenotypes in low or high FLI1-

expressing gastric adenocarcinomas. Kaplan-Meier 

plots were performed using the “prodlim” plot in R 

after separating the H-scores into high and low scores 

based on determination of the optimal cutpoint using 

the maximally selected rank statistic from the ’maxstat’ 

R package, as implemented in the ‘survminer’ package. 

The optimally dichotomized FLI1 H-score was also used 

as a variable in univariate Cox proportional hazard model 

using the “coxph” function in the ‘survival’ package. 

For all statistics, a P value less than 0.05 was considered 

significant.

Cell lines and western blot

The gastric adenocarcinoma cell lines FU97 and 

NUGC3 were obtained from the Japanese Collection of 

Research Bioresources Cell Bank via Xenotech (Lenexa, 

KS). The gastric adenocarcinoma cell lines AGS, MKN74 

and SNU638 were obtained from American Type Culture 

Collection (ATCC). Cell lines were grown in Glutagro 

RPMI 1640 medium Corning Cellgro, except FU97 in 

DMEM with L-glutamine and sodium pyruvate Corning 

Cellgro (Mediatech, Inc. A Corning Subsidiary, Manassas, 

VA, USA), supplemented with 10% FBS Gibco/BRL (Life 

Technologies Corp., Grand Island, NY, USA) at 37°C in a 

5% CO
2
 humidified atmosphere. Cell lines were generally 

used the 2nd passage after thawing for experiments.

For western blots, cell lysates containing equal 

protein amounts were separated by SDS-PAGE 

electrophoresis and transferred to Immobilon-P PVDF 

membranes (Millipore Corp., Billerica, MA, USA). 

Membranes were probed with a rabbit polyclonal FLI1 

antibody, catalog # PA5-29597 (Thermo Fisher Scientific, 

Rockford, IL, USA) followed by horseradish peroxidase-

conjugated goat anti-rabbit antibody (Pierce, Rockford, IL, 

USA). The housekeeping gene β-actin was detected with 
mouse monoclonal HRP-conjugated antibody C4 (Santa 

Cruz Biotechnology, Inc., Dallas, TX, USA). Protein 

bands were detected using Pierce ECL 2 Western Blotting 

Kit (Thermo Fisher Scientific, Rockford, IL, USA), 

followed by exposure on Blue Light Autoradiography 

film (Fisher Scientific, Pittsburgh, PA, USA). Western 

blot films were scanned using a DocuMate 3115 scanner 

(Xerox, Rockleigh, NJ, USA) and image processing and 

analysis were performed using ImageJ.

Real-time quantitative RT-PCR (qPCR)

To produce cDNA we used the Cells-to-cDNA II 

procedure. Briefly, transduced cells were washed in PBS 

and then heated in Cell Lysis II buffer (Thermo Fisher 

Scientific, Rockford, IL, USA) following the manufacturer 

protocol. Next, the crude lysates were treated with DNase 

I (Thermo Fisher Scientific, Rockford, IL, USA), and after 

DNase I inactivation, used for cDNA synthesis with qScript 

Flex cDNA Synthesis Kit (Quanta Biosciences, Beverly, 

MA) following the manufacturer protocol. The first strand 

cDNA was used as a template in qPCR. Pre-designed 

KiCqStart Primers for human FLI1 (NM_002017.4) were 

purchased from Sigma-Aldrich (St. Louis, MO, USA). 

Real-time qPCR was carried out in technical duplicates 

using Power SYBR Green PCR Master Mix (Applied 

Biosystems, Carlsbad, CA, USA) and 7300 Real Time 

PCR System (Applied Biosystems, Carlsbad, CA, USA). 

qPCR data for each gene were normalized to the GAPDH 

housekeeping gene expression level in the sample. Relative 

quantification of the gene expression was performed with 

the comparative ∆∆C
T
 method.

Lentiviral transduction

Lentiviral particles containing human FLI1 

(NM_002017.4) ORF under CMV promoter (LPP 

Z7405-Lv205-200) and empty control lentiviral particles 

(EX-NEG-Lv205) both containing GFP reporter were 

purchased from GeneCopoeia, Inc. (Rockville, MD, USA). 

Viral transductions of cells were performed following the 

manufacturer protocol. Briefly, 2×104 cells per well were 

plated into the 12-well plate the day before transduction. 

Lentiviral particles (~80 MOI) were added to cell cultures 

in the presence of 6 ug/ml of polybrene. The expression of 

GFP was evaluated with a fluorescent microscope 4 days 

post-transduction.

Since each experiment infected only 2 × 104 AGS 

cells with lentiviral particles in order to achieve a high 

enough infection frequency to perform experiments, we 

had just enough cells to perform invasion, proliferation, 

and qPCR assays from the same viral transduction well. 

Therefore, we chose to confirm that the transduced cells 

indeed expressed FLI1 mRNA levels rather than determine 

the protein levels since we would not be able to obtain 
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sufficient protein for western blots. However, in early 

experiments, we had transduced NUGC3 cells and western 

blot results showed that the viral construct resulted in 

overexpression of FLI1 as compared to control vector 

(data not shown). We did not pursue the proliferation 

and invasion assays with NUGC3 cells because they 

normally express some, albeit low levels of FLI1, whereas 

AGS cells do not express detectable FLI1. Nonetheless, 

FLI1 expression driven by the FLI1 lentivirus, can be 

assessed by GFP expression in the transduced cells, since 

the lentiviral plasmid contains the FLI1 gene and a GFP 

reporter expressed from an internal ribosomal entry site, 

thereby ensuring a 1:1 expression ratio of FLI1 and GFP.

Cell invasion assay

Cell invasion assays were performed with the 

Corning BioCoat Tumor Invasion System 96-Multiwell 

Format (Discovery Labware, Inc., Bedford, MA, USA)  

following the manufacturer protocol. Briefly, four days after 

transduction with lentiviral particles, cells were evaluated 

under fluorescent microscope and GFP expressing cells 

were counted for transduction efficiency evaluation. 

Then, the cells were pre-labeled with 10ug/ml DilC
12

(3) 

Fluorescent Dye (Discovery Labware, Inc. Bedford, MA) 

in growth medium for 1hr at 37°C. Cell suspensions were 

prepared by trypsinizing the monolayer and re-suspending 

in RPMI 1640 medium without FBS. Cell suspensions 

with the same transduction efficiencies were used in the 

assay. The Corning BioCoat 96-well plate was prepared 

by rehydrating the Matrigel matrix coating according 

to the manufacturer protocol, and cell suspensions  

(1.25 × 104 cell/well) were added to the apical chambers. 

Chemoattractant RPMI 1640 supplemented with 10% 

FBS was added to each basal chamber. Following 48hr 

incubation at 37°C in a 5% CO
2
 humidified atmosphere, 

fluorescence reading was performed and data collected 

using the EnVision Parker Elmer Plate Reader at excitation/

emission 549/565nm for DilC
12

(3). Only those fluorescent 

cells that passed through the Matrigel matrix layer and 

the membrane were detected. The assay was performed 

in triplicate. Data were analyzed and expressed as percent 

of control cells transduced with non-targeting lentiviral 

particles and background was subtracted prior to the 

calculation.

Cell proliferation assay

Cell proliferation assays were performed in 

triplicate with CellTiter 96 Aqueous One Solution 

Reagent (Promega, Madison, WI, USA) according to 

the manufacturer recommendations. Briefly, four days 

after transduction, the cell suspensions with the same 

transduction efficiency were plated (5 × 103 cells/well) in 

a 96-well plate. After 48 hrs, CellTiter 96 Aqueous One 

Solution Reagent was added to each well. Following 2 hr 

incubation at 37°C in a 5% CO
2
 humidified atmosphere, 

absorbance reading was performed using the EnVision 

Parker Elmer Plate Reader at 490nm. Data were analyzed 

and cell viability was expressed as percent of viable 

control cells transduced with control lentiviral particles 

and background was subtracted prior to the calculation.
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