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Abstract 
AIM: To establish a Chinese esophageal squamous cell carcinoma (ESCC) cell line with high bone metastasis potency using 99mTc-methylene diphosphonate (99mTc-MDP) micro pinhole scintigraphy, X ray and micro positron emission tomography/computed tomography (PET/CT) for exploring the mechanism of occurrence and development in esophageal cancer (EC). 
METHODS: The cells came from a BALB/c nu/nu immunodeficient mouse oncogenic tumor tissue from surgical specimen of a sixty-one year-old male patient with the ESCC. The cell growth curve was mapped and analysis of chromosome karyotype was done. Approximately 1 × 106 oncogenic cells were injected into the left cardiac ventricle of immunodeficient mice. The bone metastatic lesions of tumor-bearing mice were detected by 99mTc-MDP scintigraphy, micro PET/CT, X-ray, and were resected from the mice under deep anesthesia. The bone metastatic cells in the lesions were used for culture and for repeated intracardiac inoculation. This in vivo-in vitro experimental metastasis study was repeated for four cycles. All of the suspicious bone sites were confirmed by pathology. Real-time polymerase chain reaction (PCR) was used to compare the gene expression in the parental cells and in the bone metastatic clone. 
RESULTS: Surgical specimen was planted in immunodeficient mouse subcutaneously and the tumorigenesis rate was 100%. First passage oncogenic cells named CEK-Sq-1.The chromosome karyotype analysis of the cell line was hypotriploid. The bone metastasis rate went from 20% with the first passage oncogenic cells via intracardiac inoculation to 90% after four cycles. The established bone metastasis clone named CEK-Sq-1BM had a high potential to metastasize in bone, including mandible, humerus, thoracic vertebra, lumbar, scapula and femur. The bone metastasis lesions were successfully detected by micro pinhole bone scintigraphy, micro PET/CT, and X-ray. The sensitivity, specificity and accuracy of the micro pinhole scintigraphy, X-ray and micro PET/CT imaging examinations: 89.66%/32%/80%; 88.2%/100%/89.2%; 88.75%/77.5%/87.5%, respectively. Some gene expression difference was found between parental and bone metastasis cells. 
CONCLUSION: This newly established Chinese ESCC cell line and animal model may provide a useful tool for the study of the pathogenesis and development of esophageal carcinoma.

© 2013 Baishideng. All rights reserved.
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Core tip: We established a novel esophageal squamous cell carcinoma cell line from surgically resected human specimen and its clone with mixed bone metastasis potency by molecular imaging including conventional radiographs, bone scintigraphy and micro positron emission tomography/computed tomography after intracardiac inoculation of the cells in nude mice. The process was repeated in vivo and in vitro for four cycles to obtain a bone metastasis clone CEK-Sq-1BM. Some gene expression difference was compared with the primary cells and its clone by real-time reverse transcription-polymerase chain reaction. This work may be helpful to the cancer research in bone metastases.
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INTRODUCTION

Esophageal cancer (EC) is among the top six leading causes of death from cancer; it exhibits a strikingly uneven geographical distribution, resulting in focal endemic high-incidence areas in several countries[1], including northern China, northern Iran and South Africa. Although considerable advances in diagnosis, surgical techniques and chemoradiotherapy have been made, EC still remains one of the most lethal cancers and most patients die from recurrence or metastasis, with a 5-year survival rate as low as 16%, United States, 1996-2004 and the deaths for the 5 leading cancers in male patient aged 40 to 79 was ranked fifth, 2008[2, 3]. In China, the situation is even worse[4]. The most common metastatic sites of EC are lung, liver and bone. The median survival time is less than one year for advanced cases. To improve survival for EC patients, a better understanding of the cellular and molecular carcinogenesis of EC, and especially of the mechanism of metastasis, is needed. Well-characterized human EC cell lines and animal models for metastasis are important research resources for studying cancer cell biology, as well as for developing new strategies against EC. Although there are many EC cell lines[5-9], a bone metastasis model is lacking. To enrich the bank of cell lines and animal models of EC, a new human EC cell line (CEK-Sq-1) and its clone with a high bone-seeking tendency were established. Their morphologic and biological characteristics and tumorigenicity in vivo were described in this experimental study, which may provide a useful model for in vitro and in vivo cellular and molecular research.

MATERIALS AND METHODS

With the patient’s consent, an esophageal squamous cell carcinoma (ESCC) tumor specimen was surgically removed from a sixty one-year-old Chinese man. The patients diagnosed as pathologically T2N1M0 after the surgery. The lymph nodes metastasis was occurred six months later and bone metastasis one year after the operation. The fresh tumor tissue specimens were cut into small pieces of about 1 mm3 and soaked with 40000 U/mL of penicillin and 1000 μg/mL of streptomycin (Northern China Pharmaceutical, Shijiazhuang, China) about five minutes.

Xenograft and cell culture
The specimens were planted in three immunodeficient mice subcutaneously and the tumorigenesis rate was 100% after four weeks. The xenograft tumor was excised after the mouse was deeply anesthetized and then sacrificed. The tumor was minced for cell culture in 25 cm2 culture flasks with 6 mL RPMI1640 medium (GibcoBRL, Carlsbad, CA, United States) containing 10% fetal bovine serum (GibcoBRL, Carlsbad, CA, United States), 100 U/mL of penicillin and 100 μg/mL of streptomycin (Northern China Pharmaceutical, Shijiazhuang, China). The cells were cultured at 37 °C in an atmosphere with 5% carbon dioxide. The first passage oncogenic cells were culture had been growing for 7 days. The cells were named CEK-Sq-1.
Chromosome analysis

The CEK-Sq-1 cells at the 15th passage in the stage of proliferation were selected and treated with colchicine for 4-6 h. The cell suspension was collected and Giemsa-stained after hypotonic treatment. The cells with well-dispersed chromosomes in metaphase were selected. The chromosome distribution and karyotype features were investigated by analyzing 40 metaphases and 15 metaphases, respectively. 
Growth characteristics of the cell line
The CEK-Sq-1 cells of the 7th, 24th and 40th passages were studied to estimate the population-doubling time. A suspension of 1 ( 105 cells was plated into 25cm2 culture flasks. The number of viable cells from three culture flasks per passage was measured with a Neubauer hemocytometer every 24 h for 8 d by trypan-blue staining. The growth curve was plotted and the population doubling time of the CEK-Sq-1 cell line was calculated during the exponential growth phase of the cells and using online algorithm software provided at http://www.doubling-time.com.
Establishment of the human experimental bone metastasis clone

The experimental animal study protocols were approved by the Shanghai Laboratory Animal Science Administration Commission of Shanghai Municipality. All BALB/c nu/nu nude mice (Shanghai Cancer Institute of Shanghai Jiaotong University, Shanghai, China) were maintained in a specific pathogen-free environment. Cells in the fifth passage were harvested from cell culture flasks and re-suspended at a 1 × 107/mL concentration in PBS. Following this, 0.1 mL of the cell suspension was injected into the left cardiac ventricles of 8-week-old male mice using 29G needles. The mice were anesthetized as previously described [10].
To begin with, the bone metastasis rate was 20% (2/10) for the fifth passage cells. The bone metastasis tumor clones were dissected and the cells cultured. On the second cycle of inoculation, about 40% (4/10) of the transplanted mice had bone metastasis. Starting with the fourth cycle, 90 percent of the transplanted mice had observable bone metastasis. Most of the bone metastasis sites were in mandible, spine and the four limbs; the other bone metastasis sites were skull and rib. The fourth cycle of the bone-seeking cells was named CEK-Sq-1BM.

Bone metastatic imaging

BALB/c mice were deeply anesthetized with an intraperitoneal injection of 75-100 mg/ kg thiopental. The state of bone metastasis was evaluated by in vivo imaging with 99mTc-MDP (Shanghai Syncor Pharmaceutical, Shanghai, China) micro pinhole bone scintigraphy weekly starting 4 wk after the inoculation. Static planar images of the entire skeleton were acquired 5-6 h after tail vein injection of 111 MBq (3 mCi), or 0.1 mL, of 99mTc-MDP on a GE Hawkeye 4 Infinia Functional Imaging Scanner (GE Medical Systems, Inc., Waukesha，United States) with a pinhole collimator. The pinhole insert had been designed and built for obtaining ultra-high resolution images, with an aperture diameter of 1 mm. Radiography images were used as controls. Conventional radiographs were obtained with a Philips Optimus Bucky Diagnost TS (Philips Healthcare, Eindhoven, The Netherlands) X-ray System. Bone metastases were determined using the radiograph tube voltage fixed at 40 kVp, the current at 2 mA, and the exposure time at 3 s[10].
Micro PET-CT imaging

A high resolution, animal PET/CT scanner (Inveon micro PET/CT, Siemens Preclinical Solution, Knoxville, TN, United States) was used to image the BALB/c nu-nu nude mice. For each imaging session, awake mice were injected with 0.15-0.2 mCi of 18F-FLT, given ip. Each mouse was anesthetized with 5% isofluorane in an induction chamber. Afterwards, the mouse was placed in the scanner bed in the prone position with the long axis of the mouse’s heart parallel to the long-axis and within the FOV of the scanner. During image acquisitions, the mice were anesthetized with 1%-2% isofluorane gas delivered through a custom face mask. 
All micro PET images were reconstructed with the standard ordered-subset expectation maximization method (OSEM). Reconstructed images were displayed in transverse, coronal and sagittal planes. A total of 512 sequential tomographic slices were displayed over the imaging object of interest with each slice measuring 0.11 mm in thickness and assessed visually using transaxial, sagittal, and coronal displays. CT images were used for both attenuation correction of emission data and image fusion.

Histological examination

Every tumor-bearing nude mouse was sacrificed with deep anesthesia 45 d after inoculation and cut into eight skeleton sites (mandible, spine and both scapula, humerus, femur) for histological diagnosis. Bone metastasis clones were observed by radionuclide scintigraphy and radiography, then the bony tissue was dissected and formalin soaked, decalcified, embedded in paraffin, cut in thin sections, and stained with H&E. Each of the slides was examined independently by two specialists of pathology.
Real-time polymerase chain reaction assay

Total RNA was extracted from parental CEK-Sq-1 and CEK-Sq-1BM cells with TRIzol (GibcoBRL, Carlsbad, United States). Quantitative real-time reverse transcription-PCR (RT-PCR) was used to validate gene expressions of the bone metastasis cells. Reverse transcription (RT) was performed using the Reverse Transcriptase Kit (Promega, San Luis Obispo, CA, United States) following the manufacturer’s instructions. We performed a set of real-time PCR assays with the approximation method using the Delta-Delta CT method. In the Delta-Delta CT method, GAPDH served as the endogenous control and the examined genes were CDH1 (E-cadherin), SERPINA1, SERPINE2, FN1, POU5F1 (OCT4), and AR. The quantitative real-time PCR was performed in triplicate using SYBR Green Mastermix (TaKaRa, Kyoto, Japan) on the ABI Prism 7900 Sequence Detection System (Applied Biosystems, Foster City, CA, USA). PCR conditions were 95°C for 15 s, 45 cycles of 95° C for 20 s, 60° C for 20 s and 72° C for 20 s. The PCR primer sequences are shown in Table 1. 
RESULTS

Morphologic characterization

The CEK-Sq-1 cells from the xenograft tumor were adherent and tended to form a monolayer with epithelial features. Many morphologically distinct populations were found, such as small rounded, polygonal, and spindle cells. Such heterogeneous cell types were observed from the first passage oncogenic in culture (Figure 1A). The morphology of the cells remained unchanged even after 40 passages. After four cycles of the in vivo-in vitro, the bone-seeking clone CEK-Sq-1BM was harvested (Figure 1B).
Growth curve and doubling time

Figure 2 shows the growth curve and population doubling time of the established ESCC cell line; the population doubling was calculated from the growth curve. The analyzed cells were from the 7th, 24th and 40th passages. The population doubling time of the ESCC cells was about 46 h.
Karyotype

Karyotypic study revealed both numerical and structural abnormalities in this ESCC cell line. The modal number of chromosomes ranged from 58 to 68, with a median of 64. Most of the analyzable metaphases showed hypo-triploid (Figure 3).
Bone metastasis images

The bone metastasis lesions were detected by 99mTc-MDP micro pinhole bone scintigraphy, X-ray and micro PET/CT. CEK-Sq-1BM was obtained after four cycles of the in vivo-in vitro repeat. The suspicious bone metastasis sites were scanned weekly under anesthesia 4 wk after the inoculation of CEK-Sq-1. The bone metastasis images of CEK-Sq-1BM mice acquired by X-rays, micro pinhole bone scintigraphy and micro PET/CT (Figures 4-5). The whole-body X-ray image showed osteoblastic metastasis concurrent with osteolytic in a CEK-Sq-1 BM mouse at 6-8 wk (Figure 4A). The difference of osteoblastic and osteolytic metastasis presented in the same mouse by micro pinhole bone scintigraphy (Figure 4B). The lesions of another model mouse mandible accumulated 99mTc-MDP (Figure 4C). All of the suspicious bone metastasis sites were evaluated by histologic examination after the mice were sacrificed, and as the gold standard for evaluating the sensitivity, specificity and accuracy of the micro pinhole bone scintigraphy, X-ray and micro PET/CT imaging examinations: 89.66%/32%/80%; 88.2%/100%/89.2%; 88.75%/77.5%/87.5%, respectively (Table2).

Histological examination

Figure 6 shows the histological examination of mandible (A) and lumbar vertebrae (B) confirming the bone metastasis sites. (stained with hemotoxylin and eosin, magnification ×100 and 200, respectively). 
Real-time PCR analysis of CEK-Sq-1 and CEK-Sq-1BM

Ratios of CEK-Sq-1BM compared to CEK-Sq-1. Cancer invasion and metastases is a complex multistep process[11]. Cancer cells invasion into blood vessels initiates metastasis, and they also provide the routes for systemic spread of cancer cells[12]. Low apoptosis led to clonal expansion and continuous selection of progressively more malignant cell populations [13]. Cell-cell adhesion plays important roles in metastasis too [14]. Thus, to examine that CEK-Sq-1BM had metastasis capacity compared with that of the CEK-Sq-1, we performed real-time PCR to detect the gene expression change. Genes associated with cell adhesion molecules etc., such as CDH1, SERPINA1, SERPINE2, FN1, POU5F1 and AR were examined.

As shown in Figure 7, the expression of CDH1, AR, FN1 and POU5F1 were greatly increased in CEK-Sq-1BM compared to that in CEK-Sq-1, while the expression of SERPINE2 and SERPINA1 is moderately increased. We selected these genes which had shown to be overexpressed in cancer metastasis by real-time PCR analysis, we confirmed their high expression in CEK-Sq-1BM, which indicated that clone was indeed had metastasis capacity compared to its parental cell CEK-Sq-1.

DISCUSSION

Esophageal cancer is one of the least studied and deadliest cancers worldwide; the treatment of EC, especially advanced stage EC, remains challenging. Therefore, cell lines and human xenograft models that accurately mimic human EC are needed to elucidate the biological characteristics of these tumors. However, the available and useful cell lines and animal models of ESCC remain limited, especially for the metastatic models.

The first melanoma bone metastasis animal model was established early in 1988[15]. Breast cancer[16], prostate cancer[17], and small cell lung cancer bone metastasis models[18] were then successfully established. However, no experimental EC bone metastasis models have been reported so far. One of the important reasons may be the lack of a highly potent bone metastasis cell line. Second, the modeling methods are labor-intensive, involving anaesthetic, the technique of cancer cell injection into the left cardiac ventricle of mice, and then resuscitation. Third, 99mTc-MDP micro pinhole bone scintigraphy and micro SPECT/CT, which can detect osteoblastic metastases with great sensitivity, have only recently been developed. Fourth, 18F-fluoride micro PET/CT scans mainly detect osteolytic metastases, which is also the limitation of X-ray, the most commonly used method to search for bone metastasis sites, requiring about 30%-75% reduction in bone density to visualize a metastasis[19]. 
During the life-span of a tumor-bearing mouse, which is generally 30-60 d, the metastasis sites may not be observed by X-rays because of limited bone density reduction. For detecting bone metastasis with bone scintigraphy, at least a 5% to 10% change in the ratio of lesion to normal bone is required to detect an abnormality. It has been estimated that bone scintigraphy can detect malignant bone lesions 2-18 months earlier than plain radiography, and bone scintigraphy sensitivities in detecting bone metastases vary between 62% and 100% with specificity of 78% to 100%. This is because the alteration in osteoblastic action and/or blood supply occurs at an earlier stage than the difference in bone density needed to produce a radiographic change [20, 21]. For bone metastasis examination, bone scintigraphy could have a similar sensitivity and specificity to PET/CT, but with a relative economic advantage leading to more common use in clinical and experimental research [22].
We had established an experimental lung adenocarcinoma bone metastasis cell line and animal model in 2009 with a γ camera using 99mTc-MDP micro pinhole bone scintigraphy in mouse, which was the first and is still the only lung adenocarcinoma model [10]. The same technique was used to establish this new EC cell line with high bone metastasis potency. All of the suspicious bone metastasis sites were confirmed by pathology examination, with a sensitivity of 89.66% and a specificity of 88.2%, which demonstrates the micro pinhole bone scintigraphy advantage over X-ray.

The formation of bony metastases is a multi-gene，multi-step synergism process that includes intravasation of tumor cells from the primary site into the bloodstream, survival while in circulation, adhesion to endothelial cells within the target organ and extravasation from the bloodstream into the surrounding tissue[23] or marrow cavity. Cell-cell adhesion molecules SERPINE2 and SERPINA1 have been proven to play important roles in the increased metastasis and invasion potency of lung adenocarcinoma, pancreatic and colorectal tumors[10, 24, 25]. FN1, a cellular adhesion factor, is associated with tumor metastasis and forms a highly interactive network in ESCC [26]. In renal cancer[27], melanoma[28] and NSCLC[29], FN1 is required for cell invasion and metastasis. CDH1 is a 120-kDa transmembrane glycoprotein belonging to the Super family of Ca2-dependent cell adhesion molecules and its role remains controversial in malignant progression[30, 31]. In addition, E-cadherin is one of the cell surface markers of human embryonic stem cells (hESCs)[32]. The bone metastasis and primary tissue sections of prostate cancer were stained by immunohistochemistry using specific antibody CDH1 and shown CDH1 overexpression at the bone metastasis[33]. CDH1 up-regulated may relate to osteolytic or mixed bone metastasis in our bone metastasis investigation. POU5F1, a member of the POU (Pit-oct-unc) family of transcriptional factors, is essential for maintenance of the stem character in human embryonic stem cells (hESCs). The expression of POU5F1 has been proven to increase risk of metastasis and markedly enhance resistance to cytotoxic agents[34]. These hESC markers (E-cadherin and OCT4) may promote the initiation, progression, and differentiation of human cancers. Androgen receptors (ARs) are probably of importance during all phases of prostate cancer (PC) growth and breast cancer assessment prognosis, but their role in bone metastases is largely unexplored[35, 36].

In conclusion, this experimental study, a new ESCC cell line, CEK-Sq-1, was established from ESCC tissue and processed to have high bone metastasis potency. To our knowledge, no investigations have been reported of cell lines and bone metastasis animal models with EC tumors. This newly established cell line and animal model may provide a useful tool for the study of the pathogenesis of esophageal carcinoma.
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COMMENTS

Background
To summarize concisely the esophageal cancer (EC) is among the top six leading causes of death from recurrence or metastasis, with a 5-year survival rate as low as 16%, United States. In China, the situation is even worse, especially in the north. The most common metastatic sites of EC are lung, liver and bone. To improve survival for EC patients, a better understanding of the cellular and molecular carcinogenesis, especially of the mechanism of metastasis, is needed and a bone metastasis model is lacking. We established a new human EC cell line (CEK-Sq-1) and its clone with a high bone-seeking tendency. Their morphologic and biological characteristics and tumorigenicity in vivo were described in this experimental study. The report may provide a useful model for in vitro and in vivo cellular and molecular research in the animal model.
Research frontiers
The cells came from a BALB/c nu/nu immunodeficient mouse oncogenic tumor tissue from surgical specimen of a sixty-one year-old male Chinese patient with the ESCC. The oncogenic cells were injected into the left cardiac ventricle of immunodeficient mice. The bone metastatic lesions of tumor-bearing mice were detected by 99mTc-MDP scintigraphy, micro PET/CT, X-ray and were resected from the mice under deep anesthesia. The bone metastatic cells in the lesions were used for culture and repeated intracardiac inoculation. This in vivo-in vitro study was repeated for four cycles. All of the suspicious bone sites were confirmed by pathology. Real-time polymerase chain reaction (PCR) was used to compare the gene expression in the parental cells (CEK-Sq-1) and in the bone metastatic clone (CEK-Sq-1BM). 
Innovations and breakthroughs
A novel ESCC cell line (CEK-Sq-1) and its bone metastasis clone (CEK-Sq-1BM) were established from Chinese patient by molecular imaging for in vivo and in vitro. Some gene expression difference and the character of bone metastasis were revealed lay the foundation for further research in ESCC.

Applications
This work has established a new research method can be used a reference to develop more related to the tumor cells, its animal model and tumor marker.
Peer review
The authors first showed the morphology of the newly established ESSC cell line and then revealed the growth curve and doubling time. Most importantly, the authors showed the karyotype of this cell line, which is very important!
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Figure 1 Morphology of human esophageal squamous cell carcinoma cell line CEK-Sq-1. A: First passage oncogenic cells (×100); B: After four cycles harvested bone-seeking subline CEK-Sq-1BM.
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Figure 2 Growth curve of the CEK-Sq-1 cell line at passage 7, 24 and 40, respectively.
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Figure 3 Chromosomal imbalances of CEK-Sq-1 shows the DNA overrepresentation on chromosomes 1, 2, 3, 7, 8, 12, 14, 16, 17, 18, 19, X, Y.
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Figure 4 Whole-body X-ray and micro pinhole bone scintigraphy image of experimental bone metastasis mouse. A: X-ray image, upper-arrow indicates the hot spot of left humerus osteoblastic metastasis lesion and lower-arrow indicates the cold spot of left scapula osteolytic metastasis lesion and circle around the osteogenic reaction; B: The micro pinhole bone scintigraphy images of the same mouse in POST position. The osteoblastic metastasis lesion (upper-arrow) shows higher accumulation of 99mTc-MDP and osteolytic lesion (lower-arrow) combined with osteo -genic reaction shows a little; C: The arrow indicates the lesion of another model mouse mandible accumulated 99mTc-MDP. 
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Figure 5 The 18F-FLT micro positron emission tomography/computed tomography images of CEK-Sq-1MB mouse. A: The arrow indicated 18F-FLT uptake positivity of the cells (2×106) were injected into the left lateral subcutis of the mouse for three weeks; B: The arrows indicated the mandible and the thoracic vertebrae bone metastasis lesions of the cells intracardiac injection mice for four weeks.
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Figure 6 Histological features of the the mandible (A) (H and E×100) and lumbar vertebrae (B) bone metastasis lesions (H and E×200).
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Figure 7 The expression changes of genes were determined in CEK-Sq-1BM compared with CEK-Sq-1.

Table 1 Primers for real-time polymerase chain reaction
Gene name   Forward primer                    Reverse primer

	POU5F1
	GTAGGTTCTTGAATCCCGAATG
	TCTGCTTTGCATATCTCCTGAA

	FN1
	CTGCTGGGACTTCCTATGTGGT
	GGTTTCCTCGATTATCCTTCTTG

	CDH1
	CTTCTGCTGACCTGTCTGATG
	GTCACACACGCTGACCTCTAAG

	SERPINE2
	TCAGCACCAAGACCATAGACAG
	CGGATGAAAAACAGAAAAGGTC

	SRPINA1
	AACGATTACGTGGAGAAGGGTA
	GGTAAATGTAAGCTGGCAGACC

	AR
	ATTGAGCCAGGTGTAGTGTGTG
	GGAGTTGACATTGGTGAAGGAT


Table 2 The sensitivity, specificity and accuracy with different technique by pathology using (2 test

	
	Micro pinhole BS (n=7)
	X- ray (n=7)
	Micro PET/CT (n=7)

	
	+
	-
	+
	-
	+
	-

	Histology +

         -
	18
	2
	6
	13
	16
	3

	
	4
	32
	0
	37
	4
	33

	
	
	
	


PET/CT: Positron emission tomography/computed tomography.
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