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Abstract. Small bowel adenocarcinoma (SBA) is a rare 
tumor with a poor prognosis. Due to its rarity, the research 
infrastructure for SBA, including cell lines, is inadequate. The 
present study established a novel SBA cell line, SiCry‑15X, 
using patient‑derived xenografts of SBA. The following 
criteria were defined for establishment: Long‑term cultur‑
ability, tumorigenicity and similarity with the original tumor. 
The biological characteristics of the cell line, its sensitivity 
to anticancer drugs and its ability to produce tumor markers 
carcinoembryonic antigen (CEA) and carbohydrate antigen 
19‑9 (CA19‑9) were evaluated. SiCry‑15X cells adhered and 
grew as a monolayer, with a population doubling time of 37 h. 
Polymerase chain reaction results confirmed the human origin 
of the cell line, and short tandem repeat analysis revealed that 
the cells were genetically identical to the original tumor. The 
50% inhibitory concentrations of 5‑fluorouracil, paclitaxel, 
irinotecan, oxaliplatin and cisplatin for SiCry‑15X were 
104.05, 0.24, 63.3, 146.55 and 49.29 µM, respectively. CEA and 
CA19‑9 concentrations in the culture media were markedly 
elevated. In addition, CEA and CA19‑9 levels in the serum of 
cell‑derived xenograft model mice were elevated. Moreover, 
CEA and CA19‑9 were produced by SiCry‑15X cells and 
distributed throughout the blood. Furthermore, increases 
in serum CEA and CA19‑9 of cell‑derived xenograft model 
mice were consistent with the clinical course of the disease. 
The newly established SBA cell line, SiCry‑15X, could be an 
effective tool for conducting further studies on SBA.

Introduction

Small bowel cancer is rare, accounting for less than 5% of 
all gastrointestinal cancers, although the small intestine 
accounts for 75% of the digestive tract length and 90% of 
the tract mucosal surface area. Small bowel adenocarcinoma 
(SBA) accounts for approximately 40% of all small bowel 
cancers (1). The prognosis is poor, with a 5‑year survival 
rate of 14‑33% for all patients and 40‑60% for those whose 
tumors are curatively resectable (1,2). Although SBA is 
considered to have a molecular biology distinct from that of 
other gastrointestinal cancers, owing to its rarity, the research 
infrastructure is inadequate, making research on SBA diffi‑
cult. Regarding treatment, folinic acid, fluorouracil, and 
oxaliplatin (FOLFOX) therapy for advanced SBA is covered 
by insurance, and phase III trials (JCOG1502C; J‑BALLAD) 
on capecitabine‑oxaliplatin (CAPOX) as an adjuvant therapy 
are ongoing in Japan. However, these studies are based on the 
findings of colorectal cancer treatment. Overall, a new research 
infrastructure, including cell lines, needs to be established to 
explore disease‑specific biological characteristics and provide 
evidence for treatment.

Although obtaining cell lines from fresh tumors is not 
technically easy, Dangles‑Marie et al reported that prior 
xenografting leads to efficient establishment of colon cancer 
cell lines (3). In this study, we established and biologically 
characterized a novel SBA cell line, designated SiCry‑15X, 
using patient‑derived xenografts (PDXs) of SBA.

Materials and methods

Materials. SBA tissues were obtained from the primary tumor 
of a 75‑year‑old male patient at Chiba University Hospital 
(affiliated with Chiba University Graduate School of Medicine) 
with no history of Lynch syndrome, celiac disease, and inflam‑
matory bowel disease, nor family history of inherited disease. 
The patient underwent partial jejunectomy and the tumor was 
located in the jejunum, approximately 5 cm from the ligament 
of Treitz. The histopathological diagnosis was por >>tub1 
>tub2, according to the Japanese Classification of Colorectal 
Carcinomas, and pT4, pN2, pM0, and pStage IIIB, according 
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to the eighth edition of the Union for International Cancer 
Control Staging System.

Immunohistochemistry. Immunohistochemical analysis of 
p53 and Ki‑67 expression was performed on formalin‑fixed 
paraffin‑embedded sections of the original tumor using 
mouse anti‑p53 (DO‑7) antibody (518‑102364; Roche, Basel, 
Switzerland) and mouse anti‑human Ki‑67 (MIB‑1) antibody 
(GA62661‑2; Agilent Technologies, CA, USA).

Patient‑derived xenograft. Six‑week‑old female BALB/c nu/nu 
mice were purchased from Japan SLC, Inc. (Shizuoka, Japan). 
Small pieces, 3 mm in diameter, were taken from the surgical 
specimens and transplanted subcutaneously into the backs of the 
mice. The mice were anesthetized with a mixture of 0.3 mg/kg 
of medetomidine hydrochloride (Fujita Pharmaceutical. Co., 
Ltd., Tokyo, Japan), 4.0 mg/kg of midazolam (Sandoz K. K., 
Tokyo, Japan), and 5.0 mg/kg of butorphanol tartrate (Meiji 
Animal Health Co., Ltd., Tokyo, Japan) (4). This dosage is 
consistent with a previous report, following the ARRIVE 2.0 
guidelines and the Guide for the Care and Use of Laboratory 
Animals (5). 0.3 mg/kg of atipamezole hydrochloride (Nippon 
Zenyaku Kogyo Co., Ltd., Fukushima, Japan) was used as an 
antagonist. The anesthetic and antagonist were administered to 
mice by subcutaneous injection at a volume of 0.01 ml/g of body 
weight. The tumor volume was calculated using the following 
formula: long diameterx(short diameter)2/2. Passages were 
performed when the tumor diameter was ≥15 mm, and 3 mm 
diameter pieces were re‑implanted. The tumor tissues were 
fixed in 10% formalin and subjected to histological analysis by 
hematoxylin and eosin (HE) staining at each passage.

Establishment of PDX‑derived cells. After at least 
three passages, resected PDX tissues were washed with 
phosphate‑buffered saline (PBS; Nacalai Tesque, Kyoto, 
Japan) containing 1% penicillin‑streptomycin (Gibco‑Life 
Technologies, Grand Island, NY, USA) and minced into 1‑2 
mm‑sized small pieces. The samples were centrifuged at 
1,500 rpm for 5 min, and the supernatant was removed. The 
collected cells were resuspended in Dulbecco's modified 
Eagle's medium (DMEM) + Ham's F12 medium (Nacalai 
Tesque) containing 1% penicillin‑streptomycin and 10% fetal 
bovine serum (FBS; Gibco‑Life Technologies) and seeded into 
6‑well microplates. Once colony formation was confirmed, the 
cells were transferred to a larger dish or flask. For passaging 
and stromal cell removal, trypsin treatment was performed 
using 0.25% trypsin‑1 mmol/l ethylene diamine tetraacetic 
acid (trypsin‑EDTA; FUJIFILM Wako Pure Chemical Co., 
Osaka, Japan). For stromal cell removal, trypsin‑EDTA, 
diluted three‑fold in PBS, was used. The following criteria 
were defined for establishment: long‑term culturability, 
tumorigenicity, and similarity with the original tumor. After 
more than two months of culture, the cells were evaluated for 
tumorigenicity and similarity with the original tumor.

Cell culture. Cells from the SBA (SiCry‑15X), as well as gastric 
cancer (MKN74; RRID: CVCL_2791, and KATO III; RRID: 
CVCL_0371), colorectal cancer (HT29; RRID: CVCL_3230, 
and LoVo; RRID: CVCL_0399), and mouse squamous cell 
carcinoma (SCC VII; RRID: CVCL_V412) lines were used in 

this study. MKN74 (JCRB No. 0255) and KATO III (JCRB 
No. 0611) cells were obtained from Health Science Research 
Resources Bank/Japanese Collection of Research Bioresources 
(Osaka, Japan). The HT29 (58483218) cell line was obtained 
from the American Type Culture Collection (Manassas, VA, 
USA). LoVo (RCB1639) cells were obtained from Riken 
Bioresource Center Cell Bank (Tsukuba, Japan). The SCC VII 
cell line was kindly provided by Professor Yuta Shibamoto 
(Department of Quantum Radiology, Nagoya City University, 
Nagoya, Japan). The HT29 cell line was authenticated using 
short tandem repeat (STR) profiles, and the STR profiles 
consistent with the previous reports (6‑8). Mycoplasma infec‑
tion was examined using the VenorGeM OneStep Mycoplasma 
Detection Kit for Endpoint PCR (Minerva Biolabs GmbH, 
Berlin, Germany).

All cells were cultured in DMEM + Ham's F12 medium 
containing 1% penicillin‑streptomycin and 10% FBS in a 
humidified atmosphere containing 5% CO2 at 37˚C.

Cell proliferation assay. The cells were seeded in flat‑bottom 
96‑well microplates at 1x103 cells per well in 100 µl of medium. 
After 48 h of pre‑culture, the cells in six wells were counted 
every 24 h using a cell counting kit‑8 (Dojindo Laboratories, 
Kumamoto, Japan) in accordance with the manufacturer's recom‑
mended protocol. Doubling time of the cell population was 
determined based on the exponential phase of the growth curve.

DNA extraction. DNA was extracted from the cell lines and 
10 mm‑sized paraffin‑embedded SBA samples using the 
DNeasy Blood & Tissue Kit and QIAamp DNA FFPE Tissue 
Kit, respectively (QIAGEN, Hilde, Germany). All procedures 
were performed according to the manufacturer's instructions.

Polymerase chain reaction (PCR) for identification of animal 
species. To identify the cell and tissue origins of the animal 
species, animal‑specific mitochondrial DNA (mtDNA) 
sequences were detected by PCR. PCR was performed with 
TaKaRa Ex Taq Hot Start Version (Takara Bio Inc., Otsu, 
Japan) using the following program: one cycle at 94˚C for 
5 min, 30 cycles at 94˚C for 45 sec, 60˚C for 30 sec, and 72˚C 
for 90 sec, and one cycle at 72˚C for 10 min, and the prod‑
ucts were stored at 4˚C. The primer sequences and predicted 
product sizes were based on those from RIKEN BioResource 
Research Center (https://cell.brc.riken.jp/ja/quality/pcr) and a 
previous report (9) as follows: human mtDNA, sense 5'‑CTC 
CTA TTC TTG CAC GAA AC‑3' and antisense 5'‑GAT GGG 
GAT TAT TGC TAG GAT G‑3' (330 bp); mouse mtDNA, sense 
5'‑GCA CTG AAA ATG CTT AGA TGG ATA ATT G‑3' and anti‑
sense 5'‑CCT CTC ATA AAC GGA TGT CTA G‑3' (948 bp); 18S 
ribosomal RNA (rRNA), sense 5'‑CGG GGA ATY AGG GTT 
CGA TTC‑3' and antisense 5'‑GCC TGC TGC CTT CCT TKG 
ATG‑3' (70 bp). Subsequently, 5 µl each of the PCR products 
were electrophoresed on a 1.5% agarose gel (Sigma‑Aldrich, 
St. Louis, MO, USA) containing Midori Green Advance 
(Nippon Genetics Co., Ltd., Tokyo, Japan) as the staining 
solution with 0.5% Tris‑borate EDTA buffer. After electropho‑
resis, the samples were visualized under UV light (Ez‑Capture 
MG; ATTO Co., Tokyo, Japan) and photographed. A 100‑bp 
DNA ladder (Nippon Genetics Co., Ltd.) was used as the size 
marker.
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STR analysis. The GenePrint 10 System (Promega, Madison, 
WI, USA) was used for STR analysis, and all procedures were 
performed according to the manufacturer's instructions. The 
following autosomal STR loci were analyzed: TH01, D21S11, 
D5S818, D13S317, D7S820, D16S539, CSF1PO, vWA, TPOX, 
and Amelogenin for sex identification. The samples were 
processed using an Applied Biosystems 3500xL Genetic 
Analyzer (Thermo Fisher Scientific). Similarities between the 
STR profiles were evaluated using evaluation values (EVs), 
and the profiles were considered identical at values of 0.8 or 
above. The EV was calculated as follows: (number of coin‑
cidental peaks)x2/total number of peaks in sample A + total 
number of peaks in sample B. CLASTR (version 1.4.4; RRID: 
SCR_024863) was used for matching against other cell lines.

In vivo experiments. To evaluate tumorigenicity and determine 
the appropriate number of cells for the cell‑derived xenograft 
(CDX) model, different numbers of SiCry‑15X cells were 
suspended in 200 µl of PBS and injected subcutaneously into 
the backs of six‑week‑old female BALB/c nu/nu mice (Japan 
SLC, Inc.). The tumor diameters and body weights were 
measured once per week. The CDXs formed were excised after 
six weeks, fixed in 10% formalin, and subjected to histological 
analysis after HE staining. Mice were euthanized promptly 
after the end of the study by exsanguination under anesthesia.

Sensitivity to anticancer drugs. The cells were seeded in 
flat‑bottom 96‑well microplates at 2x103 cells per well in 100 µl 
of medium. After 72 h of pre‑culture, the medium was removed, 
and 5‑fluorouracil (5‑FU; FUJIFILM Wako Pure Chemical 
Co.), paclitaxel (PTX; FUJIFILM Wako Pure Chemical Co.), 
irinotecan (CPT‑11; Cayman Chemical Company, Ann Arbor, 
MI, USA), oxaliplatin (L‑OHP; Tokyo Chemical Industry Co., 
Ltd., Tokyo, Japan), and cisplatin (CDDP; FUJIFILM Wako 
Pure Chemical Co.) were added at various concentrations. 
After 96 h of drug treatment, the cells were counted using a 
cell counting kit‑8 (Dojindo Laboratories) in accordance with 
the manufacturer's instructions. Each cell line was examined 
in triplicates, and 50% inhibitory concentrations (IC50) were 
calculated.

Assays for tumor markers in the conditioned medium and 
mouse serum samples. Carcinoembryonic antigen (CEA) and 
carbohydrate antigen 19‑9 (CA19‑9) levels in culture superna‑
tants (used for 96‑h culture of 5x105 cells) and mouse serum 

samples were measured using chemiluminescence immuno‑
assay (CLIA). To measure CEA and CA19‑9 levels, 0.25‑1 ml 
of each sample was used.

Statistical analysis. Cell viability in response to anticancer 
drugs and tumor marker levels in culture supernatants were 
presented as average ± standard deviation. The one‑way 
analysis of variance with Tukey's post hoc test was performed 
to compare the differences tumor marker levels in culture 
supernatants in more than three cell lines. Statistical signifi‑
cance was considered to exist at P‑values <0.05. All data 
were statistically analyzed using JMP Pro v.17 software (SAS 
institute Inc).

Results

Immunohistochemical profile of original tumor. The original 
tumor was a primary jejunal adenocarcinoma, and the histo‑
pathological findings are shown in Fig. 1. Immunohistochemical 
staining showed discontinuous staining in cancer cell nuclei 
for p53 and evaluated as p53 wild type. Additionally, a large 
number of Ki‑67 positive cells were identified, with an MIB‑1 
index of 58%.

Establishment of PDXs and PDX‑derived cell line, SiCry‑15X. 
Patient‑derived tumor tissues were subcutaneously trans‑
planted into three mice, all of which showed viable growth. 
Two or more passages were performed and designated as PDX 
establishment. Fig. 2 shows the progress of PDXs and the 
weight transition at passage 9.

PDX‑derived cells formed colonies surrounded by fibro‑
blasts on the fifth day of primary culture. The first passage 
was performed on the 13th day of primary culture. Fibroblasts 
were eliminated by a weak trypsin treatment. The cell line 
was designated as SiCry‑15X and had undergone more than 
50 passages.

The SiCry‑15X cells adhered and grew as monolayers 
(Fig. 3A). The population doubling time of SiCry‑15X 
was approximately 37 h. PCR amplification of animal 
species‑specific mtDNA indicated that the SiCry‑15X cells 
were of human origin. In contrast, the PDX tissue contained 
both human and mouse components (Fig. 3B). Limiting dilu‑
tion analysis confirmed that SiCry‑15X cells formed colonies 
from single cells. PCR analysis revealed that the cells were 
free from mycoplasma infection.

Figure 1. Histological findings of the original tumor of SiCry‑15X. HE staining (left panel), immunohistochemical staining for p53 (middle panel) and 
immunohistochemical staining for Ki‑67 (right panel). Scale bar=100 µm. HE, Hematoxylin and eosin.

https://www.spandidos-publications.com/10.3892/ol.2024.14493
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STR analysis for confirmation of similarity of SiCry‑15X cells 
with the original tumor. Table I summarizes the main find‑
ings of STR analysis. Comparison of the STR profile of the 
original tumor with those of the PDXs and SiCry‑15X revealed 
that the EVs were greater than 0.8, indicating that the PDXs 
and cell line were similar to the original tumor. Furthermore, 
a CLASTR analysis revealed that none of the STR profiles 
of human cell lines matched those of the SiCry‑15X line, 
confirming the uniqueness of the SiCry‑15X cell line.

Evaluation of tumorigenicity using the CDX model. When 
different numbers of SiCry‑15X cells were injected subcutaneously 
into mice, tumors formed at all cell counts at six weeks, indicating 
the tumorigenic potential of SiCry‑15X (Fig. 4A). HE‑stained 
images of CDXs formed from the SiCry‑15X cells revealed that 

the adenocarcinomas were similar to the original tumor and 
PDXs (Fig. 4B). PCR amplification of animal species‑specific 
mtDNA revealed that the CDXs contained both human and 
mouse components (Fig. 4C). Using a cutoff diameter of at least 
5 mm after four weeks of growth, the appropriate number of cells 
for the CDX model was determined to be 2x106 cells, which was 
in the 1‑5x106 cell range. The CDX progression and weight transi‑
tion of the CDX model mice, in which 2x106 cells were injected 
subcutaneously, are shown in Fig. 4D and 4E. All mice met the 
defined criteria, none showed excessive weight loss, and the mice 
were appropriate for use as CDX models.

Anticancer drug sensitivity of cell lines. The sensitivity of 
SiCry‑15X cells to various anticancer drugs was evaluated 
in vitro. The IC50 of 5‑FU, PTX, CPT‑11, L‑OHP, and CDDP 

Figure 3. Morphology and origin of SiCry‑15X cell line. (A) Microscopic image of SiCry‑15X (scale bar, 100 µm). The cells adhered and grew as monolayers. 
(B) Amplification of human and mouse mtDNA. SCC VII, a mouse‑derived cell line, and MKN74, a human‑derived cell line, were used as positive controls, 
and purified water was used as the NC. 18S rRNA was used as the internal control. In PDXs, both human and mouse components were combined, whereas 
SiCry‑15X cells consisted only of human components. NC, negative control; rRNA, ribosomal RNA; PDX, patient‑derived xenograft.

Figure 2. Tumor progression and weight transition of the PDX model. PDX tissue pieces (size, ~3 mm) were transplanted into the backs of nude mice and tumor 
progression was monitored for 6 weeks. The tumor diameter and body weight were measured twice a week. (A) Representative images of the PDX model at 1, 
3 and 5 weeks post‑transplantation. Plots of (B) tumor volume progression and (C) body weight volatility excluding estimated tumor weight. The tumor weight 
was calculated using the following formula: Long diameter x (short diameter)2/2. PDX, patient‑derived xenograft.
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Figure 4. In vivo experiments to evaluate tumorigenicity and establish CDX model. (A) Plots of tumor progression at different cell counts for cells injected 
subcutaneously into nude mice (n=2). Tumors formed at all cell counts at 6 weeks, but only one of the two mice formed a tumor when injected with 5x104 cells. 
Conversely, one of the mice injected with 5x106 cells developed a tumor with a length that exceeded 15 mm within <6 weeks; observations for this mouse were 
not recorded thereafter. (B) Hematoxylin and eosin‑stained images of the original tumor, PDX and CDX. The CDX retained atypical glandular duct structures 
similar to those of the original tumor and PDX. Scale bar=100 µm. (C) Amplification of human‑ and mouse‑specific mitochondrial DNA. CDX contains 
both human and mouse components, similar to that observed in PDX. Plots of (D) tumor volume progression and (E) volatility of body weight, excluding the 
estimated tumor weight, for nude mice injected subcutaneously with 2x106 cells (n=5). All mice showed tumor growth, and none showed excessive weight loss. 
CDX, cell‑derived xenograft; PDX, patient‑derived xenograft; NC, negative control; rRNA, ribosomal RNA.

Table I. Short tandem repeat profile of SiCry‑15X.

Locus Original tumor PDX SiCry‑15X

TH01 6, 9 6 6
D21S11 30, 33.2 30, 33.2 30, 33.2
D5S818 11, 12 11 11
D13S317 9, 12 9, 12 9, 12
D7S820 8, 11 8, 11 8, 11
D16S539 9, 11 9, 11 9, 11
CSF1PO 10, 12 12 12
AMEL X, Y X X
vWA 17, 18 17, 18 17, 18
TPOX 9, 11 9, 11 9, 11

PDX, patient‑derived xenograft.

https://www.spandidos-publications.com/10.3892/ol.2024.14493
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for SiCry‑15X were 104.05, 0.24, 63.3, 146.55, and 49.29 µM, 
respectively (Fig. 5, Table II). For reference, similar experi‑
ments were performed using the MKN74 and HT29 cell lines.

Evaluation of CEA and CA19‑9 production by SiCry‑15X. The 
clinical time courses of the serum CEA and CA19‑9 levels in 
the patient from whose samples the SiCry‑15X line originated 
are shown in Fig. 6A. The patient's CEA and CA19‑9 serum 

levels were markedly elevated preoperatively and decreased 
rapidly after surgery. Recurrence of SBA or re‑elevation of 
CEA or CA19‑9 levels were not observed. 

Regarding the CEA, the concentration in the SiCry‑15X 
culture media was 1,215.8 ± 18.2 ng/mL. This concentration 
was significantly higher than that of other cell lines, including 
LoVo, a CEA‑producing cell line (MKN74: <0.5 ± 0 ng/mL; 
KATO III: 131.4 ± 4.1 ng/mL; HT29: 1.8 ± 0.1 ng/mL; LoVo: 

Figure 5. Dose‑response curves for cell lines treated with anticancer drugs. Each cell line was examined in triplicate and the average value for each cell line 
was plotted. Anticancer drugs that are widely used in the treatment of gastrointestinal cancers were selected.

Table II. Anticancer drug sensitivity of cell lines.

Drug Cell line IC50 (µM)

5‑fluorouracil SiCry‑15X 104.05
 MKN74 3.69
 HT29 9.68
Paclitaxel SiCry‑15X 0.24
 MKN74 0.0065
 HT29 0.0053
Irinotecan SiCry‑15X 63.30
 MKN74 68.51
 HT29 17.90
Oxaliplatin SiCry‑15X 146.55
 MKN74 279.85
 HT29 24.50
Cisplatin SiCry‑15X 49.29
 MKN74 28.97
 HT29 18.15
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Figure 6. Ability of SiCry‑15X cells to produce CEA and CA19‑9. (A) Clinical time courses of serum CEA and CA19‑9 levels, and the origin of SiCry‑15X. 
CEA and CA19‑9 levels in the patient were monitored over several years, and the patient was followed up for detection of complications; a marked increase 
in CEA and CA19‑9 levels prompted investigation for SBA. After radical resection, both CEA and CA19‑9 levels decreased rapidly. (B) Average CEA and 
CA19‑9 concentrations in the culture media of different cell lines. LoVo, a CEA‑producing cell line, was used as a positive control for CEA. KATO III 
and MKN74, were used as positive and negative controls for CA19‑9, respectively. High levels of CEA and CA19‑9 were secreted in the culture medium of 
SiCry‑15X. *P<0.0001 compared with SiCry‑15X. (C) Schematic diagram of grouping and blood sampling schedule for CDX mice. The number of SiCry‑15X 
cells injected into the mice was adopted as the optimal number of cells for the CDX model established in this study. The control (n=3) and ‘tumor‑bearing’ 
groups (n=5) underwent blood sampling at 4 weeks. Five mice underwent tumor resection four weeks after cell injection. Three mice that showed no recurrence 
4 weeks after resection were designated the ‘no recurrence’ group, and two mice that showed local recurrence were designated the ‘with recurrence’ group. 
CEA, carcinoembryonic antigen; CA19‑9, carbohydrate antigen 19‑9; SBA, small bowel adenocarcinoma; CDX, cell‑derived xenograft.

https://www.spandidos-publications.com/10.3892/ol.2024.14493
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86.0 ± 4.9 ng/mL, P<0.0001, compared to SiCry‑15X, respec‑
tively). Similarly, the CA19‑9 concentration in the SiCry‑15X 
culture media was 456,666.7 ± 4714.0 U/mL, and significantly 
increased than other cell lines, including KATO III, which has 
been reported to produce CA19‑9 (10) (MKN74: <2.0 ± 0 U/mL; 
KATO III: 255.4 ± 8.6 U/mL; HT29: 16.5 ± 1.0 U/mL; LoVo: 
183.4 ± 24.2 U/mL, P <0.0001, compared to SiCry‑15X, 
respectively) (Fig. 6B).

Sera from the model mice harboring SiCry‑15X were 
collected at the time points shown in Fig. 6C, and CEA and 
CA19‑9 concentrations were measured. The average CEA 
and CA19‑9 levels were elevated in the ‘tumor‑bearing’ 
(17.0 ng/mL and 15,000.0 U/mL, respectively) and ‘with recur‑
rence’ groups (17.8 ng/mL and 1,173.7 U/mL, respectively), 
but the levels were below the detection sensitivity level in the 
control and ‘no recurrence’ groups, which were tumor‑free 
(Table III). These results indicate that CEA and CA19‑9 were 
produced by SiCry‑15X cells and distributed throughout the 
blood. The CDX model harboring SiCry‑15X mimicked the 
clinical course of the change in levels of CEA and CA19‑9.

Discussion

In this study, we established a novel cell line of SBA, which is 
an uncommon tumor. To our knowledge, only four SBA cell 
lines have been reported: SIAC1 (11), SBA‑6 (12), SBA‑16 (12) 
and one other (13), and this is the first report of a CEA‑ and 
CA19‑9‑producing SBA cell line. SiCry‑15X cells are tumori‑
genic and capable of forming glandular duct structures at 
the site of engraftment, suggesting that this cell line has 
differentiation potential.

There is currently limited understanding of genetic abnor‑
malities that occur in SBA. In recent studies, TP53 (41‑73%), 
KRAS (27‑54%), APC (13‑27%), and PIK3CA (8‑18%) were 
identified as common mutations in SBA (14‑16). Schrock et al. 
reported that TP53 mutations are significantly less common in 
SBA than in colorectal cancers, and occur at a rate similar to 
that in gastric adenocarcinomas (15). The frequency of APC 
mutations is also considerably lower than that in colorectal 
cancer. Furthermore, adenoma is infrequently found in the 
small intestine except for the duodenum, suggesting that the 
adenoma‑carcinoma sequence is unlikely to be a major pathway 
of carcinogenesis in SBA (16). In addition, the frequency of 
BRAF mutations in SBA is comparable to that in colorectal 
cancers, while V600E mutations are rare in SBA (15). These 

results suggest that genetic differences exist between SBA and 
colorectal cancer. Therefore, to further clarify the genetic char‑
acteristics of small intestinal adenocarcinoma, we believe that 
it is necessary to establish appropriate research infrastructure, 
including cell lines.

Cell line establishment from PDXs has been reported in one 
case of SBA (13) and several other cases of cancer, including 
those of the colon (3), biliary tract (17), pancreas (18,19), esoph‑
agus (18), and ovaries (20). According to Dangles‑Marie et al., 
the success rate of cell line establishment from xenografts in 
colon cancer was 47.4%, which was significantly higher than 
the 9.7% reported for cell line establishment from fresh tumor 
tissues. Furthermore, no dramatic changes in gene expression 
were induced by the two cell line establishment protocols: 
PDX‑derived or fresh tissue‑derived (3). In contrast, the PCR 
results for animal species‑specific mtDNA analysis in this 
study suggest that PDX tissues contained stromal cells of host 
animal origin, in addition to human tumor cells. Therefore, 
PDX‑derived cell lines are at risk of contamination with, and 
sometimes replacement by, stromal cells derived from host 
animals such as mice. In this study, stromal cells were removed 
by weak trypsin treatment, and animal‑specific mtDNA 
amplification was performed to confirm that the established 
cell lines were free of cells of mouse origin. In addition, STR 
analysis confirmed that the cell lines were genetically identical 
to the original tumor and PDXs, thereby confirming that only 
human tumor cells were extracted from the xenografts.

Serum CEA and CA19‑9 levels are widely used as diag‑
nostic markers for various cancers. Elevated serum CEA and 
CA19‑9 levels are observed in 30 and 41% of patients, respec‑
tively (21). In addition, CEA and CA19‑9 could be prognostic 
markers in cases of radical resection of SBA (22). However, 
CA19‑9 is also known to be elevated in benign diseases such 
as cholecystitis, liver cirrhosis, and chronic pancreatitis (23), 
and this elevation may not necessarily be due to secretion from 
tumor cells. The patient, from whose samples the SiCry‑15X 
line originated, had a hepatic cyst and elevated CA19‑9 levels. 
The patient therefore was followed up for analysis of CEA 
and CA19‑9 levels. SBA was detected because of a remark‑
able increase in CEA and CA19‑9 levels, and the tumor cells 
were suspected to produce CEA and CA19‑9. In this study, 
SiCry‑15X was proven to secrete high levels of CEA and 
CA19‑9 into the culture medium. Serum CEA and CA19‑9 
levels in mice injected with SiCry‑15X cells were similar 
to those observed during the clinical course of the patient. 
Therefore, SiCry‑15X may provide a model for tumor marker 
transitions that reflect the clinical course of the disease. In this 
model, or any model other than the subcutaneous tumor model 
where tumor size cannot be directly measured, disease status 
may be assessed by monitoring CEA and CA19‑9 levels in the 
blood during drug efficacy evaluation.

The development of appropriate and novel drug therapies 
for SBA is an important issue. However, the cell line has lost 
its heterogeneity, which is a limitation of this study. Drug 
sensitivity should be evaluated by combining the in vivo results 
obtained from analysis of cell lines and models that maintain 
tumor heterogeneity, such as PDXs. In this study, the establish‑
ment of PDXs and cell line pairs from the same tumor was a 
unique feature and will contribute to further research on SBA. 
Another limitation of this study is that only a single cell line 

Table III. Serum CEA and CA19‑9 in cell‑derived xenograft 
model mice.

 CEA, ng/ml CA19‑9, U/ml
Group  (average)  (average)

Control (n=3) <0.5 <2.0
Tumor bearing (n=5) 17.0 15,000.0
No recurrence (n=3) <0.5 <2.0
With recurrence (n=2) 17.8 1173.7

CEA, Carcinoembryonic antigen; CA19‑9, carbohydrate antigen 19‑9.
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was established. Therefore, we aim to establish multiple SBA 
cell lines to elucidate the disease‑specific characteristics.

In conclusion, we established a cell line derived from a 
PDX of SBA, named SiCry‑15X. This cell line produces CEA 
and CA19‑9 and may provide a model that mirrors the clinical 
course of the disease. In the case of SBA, the current research 
infrastructure is inadequate, and thus, establishment of 
patient‑derived cancer models, including cell lines, is impor‑
tant. Using this cell line, SBA pathogenesis can be elucidated 
in future studies.
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