Effects of Extensive Passaging on the Characteristics of Pancreatic Ductal Adenocarcinoma Cancer Cell Line HG008-T
Zhiyong He1*, Jerilyn R. Izac1, Alexander A. Gooden1, Edward Kwee1, Andrew S. Liss2, Justin M. Zook1* Hua-Jun He1
1 Material Measurement Laboratory, National Institute of Standards and Technology, 100 Bureau Drive, Gaithersburg, MD 20899, USA
2 Department of Surgery, Massachusetts General Hospital and Harvard Medical School, Boston, MA, 02114, USA.
Corresponding authors: Zhiyong He, address: National Institute of Standards and Technology, 100 Bureau Dr. MS 8312, Gaithersburg, MD 20899, USA. E-mail address: zhiyong.he@nist.gov. Justin M. Zook, address: National Institute of Standards and Technology, 100 Bureau Dr. MS 8312, Gaithersburg, MD 20899, USA. E-mail address: justin.zook@nist.gov. 
Abstract
Pancreatic cancer is one of the major causes of cancer death. Pancreatic cancer cell lines are important for drug and cancer treatment development. In a collaborative effort, we established a novel Cancer Genome-in-a-Bottle cell line HG008-T from a pancreatic cancer patient explicitly consented to make public extensive genomic data, which was recently published. The HG008-T cell line is publicly available at ATCC as CRL-3734. Characterizing a cell line before it is available from a public repository is critical to ensure scientific reliability, and reproducibility. The cell line has known somatic variants in KRAS, TP53, SMAD4, and CDKN2A genes, and was derived from a patient who received platinum neoadjuvant therapy. To complement the extensive genomic characterization published recently, in this study we characterized HG008-T over 80 passages by comparing early-passage cells with late-passage cells. The cells were found to proliferate faster after extensive passaging and lost heterogeneity in morphology. Following extensive passaging, an increased proportion of cells exhibited whole-genome doubling (WGD), which may reflect the selective expansion of WGD clones due to enhanced proliferative capacity and/or de novo genome doubling events occurring in non-WGD cells during prolonged culture. The late-passage cells exhibited increased anchorage-independent growth. No significant surface marker expression alteration was observed. However, following approximately 80 passages, heterogeneous alterations in marker gene expression were observed. The late-passage cells were more sensitive to cisplatin but exhibited a modest shift in sensitivity to the CDK4/6 inhibitor palbociclib. In conclusion, extensive passaging altered certain characteristics of HG008-T cells, therefore, passage history should be indicated in future studies using HG008-T cell line as a cancer cell model.
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1. Introduction
Pancreatic cancer is the third leading cause of cancer death [1]. Even with almost 500 phase I clinical trials and 85 phase III clinical trials conducted on pancreatic cancer in the past 25 years, the 5-year survival rate has improved modestly and remains around 13 % [1] (https://seer.cancer.gov/statfacts/html/pancreas.html). Pancreatic cancer cell lines are important for drug development, cancer biomarker discovery, and basic cancer biology research. Pancreatic cancer cell lines can also facilitate discovery of cancer biomarkers for early cancer detection[2]. While numerous pancreatic cancer cell lines were established recently for facilitating the pancreatic cancer treatment development [3-6], only a limited number of cell lines are available at public repositories, and none of them have consent for sharing genomic data. The only pancreatic cancer cell line established from a broadly consented patient so far is HG008-T, a pancreatic ductal adenocarcinoma (PDAC) tumor cell line, which has been recently extensively characterized on the genomic level [5]. All genomic data is publicly available for benchmarking sequencing technologies and bioinformatics analysis, including somatic variant detection in challenging repetitive regions and de novo assembly of the most recent common ancestor of the cells in the cell line [5,7]. Initial analyses of somatic variants indicated the PDAC cell line has alterations in the 4 most commonly altered genes in PDAC, a G12V mutation in the Kirsten rat sarcoma gene (KRAS), the K132T variant in the only copy of the tumor suppressor gene TP53, a frameshift variant in the tumor suppressor gene SMAD4, and a 20 kbp deletion of part of the p16/CDKN2A gene, and the other haplotype was lost due to a very large deletion. This Cancer Genome in a Bottle (GIAB) cell line HG008-T is publicly available at ATCC (CRL-3734) and may be deposited in the future at the Coriell Institute for Medical Research.
Human cancer cell lines are widely used as preclinical models for potential cancer treatments and generated important and fundamental discoveries in cancer biology and translational medicine[8]. However, findings based on cancer cell lines were hard to reproduce [9], and Ben-David and colleagues later explained that cancer cell lines were neither clonal nor genetically stable [10]. This instability of cell lines generated variability in many aspects such as drug sensitivity [10]. The effect of passage number on cell lines’ characteristics such as morphology, growth rate, and response to stimulation was demonstrated decades ago [11-14]. However, not every cell line has the same problem of genetic and/or phenotypic drift. Whether a newly established cell line, such as HG008-T, undergoes genetic and/or phenotypic drift remains to be tested. 
The GIAB Consortium requires that cell lines are derived from patients who provided explicit consent for their genomic data to be shared publicly for research purposes. NIST GIAB Consortium in collaboration with Massachusetts General Hospital (MGH) established the first such pancreatic cancer cell line, HG008-T. The MGH Data and Tissue Sharing Committee and the NIST Research Protections Office have approved public sharing of participants’ genomic data and authorized the development and distribution of the cell lines as reference materials for research and clinical purposes. The characteristics of HG008-T cell line other than genomic sequencing have not yet been characterized since this is a newly established cell line. This study presents the characterization of this unique pancreatic cell line and investigates genetic and phenotypic drift by comparing early- and late-passage cells, assessing parameters such as karyotype, tumorigenic potential, proliferation rate, and drug responsiveness. The primary aim of this study is to provide a reference-grade phenotypic characterization and document passage-dependent changes of the HG008-T cell line.

2. Materials and Methods
2.1 Cell culture
Cancer GIAB cell line HG008-T was established at Massachusetts General Hospital (MGH) from an explicitly consented patient [5] and maintained at both MGH and NIST. All experimental procedures were conducted in compliance with Massachusetts General Hospital (MGH) guidelines and regulations. The study was performed under an approved Mass General Brigham protocol (protocol #2003P001289). Informed consent was obtained from the patient, and portions of the consent form have been published previously. The detailed information on HG008-T cell line establishment was published previously[5]. The cells were cultured in DMEM/F12 medium (Thermo Fisher, Cat#11330-032) with 10 % fetal bovine serum (FBS) (Thermo Fisher, Cat# A5670402) at 37 °C, 5 % CO2. The early passages stated in this study were from passage 20 to 26 (P20 to P26) and late-passages were passage 100 to 105 (P100 to P105). Cells beyond passage 20 (P20) were used in this study to ensure an established cancer cell line. Prior to P20, the cultures were maintained in enriched medium conditions [5], which was intended to support the tumor cells growth, but it may also have supported the survival of non-malignant stromal components, including tumor-associated fibroblasts. Consequently, early-passage cells prior to P20 could exhibit cellular heterogeneity or contamination that may confound downstream analyses. The passage number of the cell line was defined as follows. The cells derived directly from tumor tissue were designated P0 and the cells passaged (trypsinized and split into more dishes) were designated P1. Each time the cells were passaged, the passage number would increase by one.
To calculate the cell doubling time, 1 × 105 cells were plated in each well of 6-well plates and 3 to 4 replicates per experiment. After 48 h or 72 h of culture, the cells were detached from the surface of each well using 0.25 % trypsin-EDTA (Thermo Fisher, Cat# 15050065) and the cell number was counted by using Luna cell counter. The cell doubling time was calculated as: Log (2) ÷ Log (end cell number ÷ start cell number) × culture time (h).
2.2 Genomic DNA extraction
Early- and late-passage cells were treated with 0.25 % Trypsin and resuspended in culture medium. The total cell number was counted by the Luna cell counter (Thermo Fisher Scientific), and the cells were washed with PBS once. The cells were then lysed with Genomic DNA Lysis Buffer and further processed for gDNA extraction (Zymo Research Quick DNA miniprep kit, Zymo Research, Cat# D3025) by following the manufacturer’s instructions.
2.3 Soft agar assay
The soft agar assay measures anchorage-independent growth of cancer cells in soft agar, which is an in vitro assay to determine the malignant transformation of cancer cells. 2 × DMEM/F12 was prepared by dissolving the DMEM/F12 powder (Thermo Fisher Scientific, Cat# 12500062) in 500 mL MilliQ water, and sterilized by filtering through 0.2 μm filter. Base agar was prepared by mixing equal volumes of 1 % agar and 2 × DMEM/F12 (2 × DMEM/F12 with 20 % FBS), and aliquoted 0.5 mL each well of 24 well plate. The early- and late-passage HG008-T cells were resuspended in culture medium at concentration of 2000 cells/mL and mixed with 0.7 % top agar at 1:1 ratio. Half milliliter of the top agar with cells was overlaid onto the base agar. After the top agar solidified, 0.5 mL culture medium was added on to the top agar. The cells were cultured at 37 °C, 5 % CO2 for 14 d and the top culture medium was changed every 3 d. After 14 days, the colonies were visualized and quantified by staining them with 0.5 mL of 0.005 % crystal violet for 2 h and imaged on a Cytation microscope (Agilent).
2.4 STR profiling
Short tandem repeats (STR) profiling of the early- and late-passage cells was performed using genomic DNA as previously reported [15]. Briefly, STR profiling via capillary electrophoresis was conducted using PowerPlex Fusion 6C (Promega) and GlobalFiler (Thermo Fisher Scientific,) according to the manufacturer's protocols. The process targeted 1.0 ng of input DNA and utilized a 3500xL Genetic Analyzer with a 36 cm capillary array and POP-4 polymer (Thermo Fisher Scientific, Cat# A26070). Sample injection was performed at 1.2 kV for 15 s. GeneMapper IDX v1.6 (Thermo Fisher Scientific) was employed for data interpretation, using the manufacturers' provided bins and panels. Alleles were called using an analytical threshold set at 50 RFU.
2.5 Flow cytometry
Early- and late-passage cells were stained individually with each antibody listed in Table 1 for single-color cell surface marker analysis. Cells were detached from bottom of dishes with Cell Dissociation Buffer (Thermo Fisher Scientific, Cat# 13151014) and washed twice with FACS buffer (1× PBS supplemented with 2 % FBS) and subsequently resuspended in the same buffer to ensure a final volume of 100 μL upon antibody addition. The cell suspension was incubated with the respective antibody at room temperature for 30 min, followed by two additional washes to remove unbound antibody. After resuspension in FACS buffer, samples were analyzed using a Cytoflex LX flow cytometer (Beckman Coulter), or Cytek Aurora flow cytometer (Cytek Biosciences). The experiment was repeated 3 times using P23, P24, P101, and P102 cells. Total acquired events, positive events after gating, and percentage of positive cells of a representative experiment performed on Cytek Aurora flow cytometer were listed in Supplemental Table 1. Performance of the flow cytometers were checked daily using the vendor provided QC beads on each experiment day.  Unstained cells served as negative controls. Cells were gated using the main population for FSC-H and SSC-H to exclude small debris and subsequently doublet exclusion based on FSC-A and FSC-H.  
Table 1 Antibody information list
	Surface marker
	Company 
	Cat#
	Concentration

	CD24
	BD Biosciences
	555428
	20 μL/ 106 cells

	CD44
	BioLegend
	397521
	5 μL/ 106 cells

	CD45
	BioLegend
	304020
	5 μL/ 106 cells

	CD31
	BioLegend
	303105
	5 μL/ 106 cells

	CD49f
	BioLegend
	313619
	5 μL/ 106 cells

	CD133
	BD Biosciences
	566596
	5 μL/ 106 cells

	CD146
	BioLegend
	361013
	5 μL/ 106 cells

	CXCR4
	BioLegend
	306508
	5 μL/ 106 cells

	EPCAM
	BioLegend
	324209
	5 μL/ 106 cells

	DCLK1
	Protein Tech
	CL488-68234 
	0.4 μg/ 106 cells



2.6 Cell growth inhibition assay
To compare the sensitivity of early- and late-passage HG008-T cells, the cells were treated with 1 to 200 μmol/L cisplatin (Abcam, Cat# ab141398) or 0.5 to 100 μmol/L palbociclib (Thermo Fisher, Cat# 47-861-0). The viability of the cells was determined by MTT assay (Abcam, Cat# ab211091) by following the kit protocol. Briefly, 5000 early or late-passage HG008-T cells were plated in each well of 96-well plates in quadruplicate. After culturing overnight, the cells were treated with 1 to 200 μmol/L cisplatin or 0.5 to 100 μmol/L palbociclib for 24 h, 48 h, or, 72 h. The culture medium was removed from the wells and 50 µL of serum-free medium and 50 μL of MTT Reagent were added to each well and the cells were further incubated at 37 °C for 3 h. Finally, 150 μL of MTT solvent was added to each well and the plates were incubated at room temperature for 15 min. Absorbance at 590 nm was measured with a BioTek plate reader (Agilent). Equal number of blank wells were used for background subtraction on each plate. Non-treated cells (concentration 0, vehicle only) were used as controls for normalizing relative viability. Dose response curves were generated by using GraphPad Prism 11 software, Nonlin fit model.
2.7 Gene expression analysis
Relative gene expression of early- and late-passage cells was determined by isolating total RNA from the cells after culturing for 24 h, using Qiagen RNeasy kit (Qiagen, Cat# 74104). The first strand cDNA was synthesized immediately after RNA isolation using SuperScript III First-Strand Synthesis SuperMix following the kit protocol (Thermo Fisher Scientific, Cat# 11752-050). Briefly, 1 μg of total RNA was added to the Reaction Buffer and Reverse Transcriptase in a 20 μL reaction. After incubating the reaction mix at 25 °C for 5 min, 50 °C for 50 min, and 85 °C for 10 min, 1 μL of RNase H was added to each reaction and incubated at 37 °C for 20 min to remove the RNA. The first strand cDNA was diluted 10 times with TE buffer and 1 μL of diluted cDNA was used for quantitative real-time PCR by using SYBR Green Master mix (Thermo Fisher Scientific, Cat# 4309155) on Applied Biosystems Viia7 Quantitative Real-Time PCR (qPCR) machine. The primer sequences are listed in Table 2. The relative expression of each gene was normalized to GAPDH and tubulin b5 (Tubb5) first using ΔΔCt method and further presented as the fold change compared with early-passage cells. 
Table 2. Primer sequence for qPCR
	Gene name
	Forward primer
	Reverse primer

	EPCAM
	AGCTGGCCGTAAACTGCTTT
	TCTTCTCCCAAGTTTTGAGCCA

	KRT14
	GAGATCGCCACCTACCGC
	ATCGTGCACATCCATGACCT

	KRT18
	CTGCAGATTGACAATGCCCG
	AGCCCATGGATGTCGTTCTC

	Slug
	CACATTCGAACCCACACATTGCCT
	TGTGCCCTCAGGTTTGATCTGTCT

	Twist
	CTGCCCTCGGACAAGCTGAG
	CTAGTGGGACGCGGACATGG

	Vim
	CTTGAACGGAAAGTGGAATCCT
	GTCAGGCTTGGAAACGTCC

	Zeb1
	ACTGCAAGAAACGGTTTTCCC
	GGCGAGGAACACTGAGATGT

	GAPDH
	AGGTCGGTGTGAACGGATTTG
	TGTAGACCGTGTAGTTGAGGTCA

	Tubb5
	CCCCTCACACACTTGGTTTTG
	CTCTTGGGGCGATGTCATCTT



2.8 Cell apoptosis analysis
The early- and late-passage cells were plated in 6-well plates (2×105 cells/well) treated with 20 μmol/L of cisplatin, 10 μmol/L and 20 μmol/L of palbociclib for 48 h. The cells were then detached from the 6-well plates with a recombinant enzyme (TrypLE, Thermo Fisher Scientific, Cat# 12604013). The cells were washed with 10 % FBS/PBS and Annexin V binding buffer, and the cells were stained with Annexin V assay kit (Abcam, Cat# ab236215) by following the kit protocol. The stained cells were subjected to a Cytoflex LX flow cytometer, and acquired with 10,000 events for each sample. Unstained cells were used as negative control for gating purposes. Heat treated (42°C for 30 min) cells with single PI staining and non-treated single APC conjugated CD133 antibody staining were used as compensation controls. The percentage of Annexin V positive cells, Annexin V and PI double positive cells were analyzed using FlowJo software. In the forward scatter area (FSC-A) and side scatter area (SSC-A) plot, primary gate was drawn around the main cell cluster to exclude small subcellular debris. Single cell population was subsequently gated by using FSC-A vs FSC-H plot and SSC-A vs SSC-H plot. The singlet population plotted on Annexin V-APC vs PI plot was gated into quadrant gate based on the negative control. 
2.9 Statistical analysis
All statistical analyses were performed using Microsoft Excel or GraphPad Prism 11 software (GraphPad, Boston, MA). A cutoff p value of <0.05 is considered as statistically significant in paired or unpaired t-testing used here. All data presented are mean ± SD.

3. Results
3.1 Early- and late-passage cells had identical STR profiling
STR profiling is commonly used in molecular forensics, and it is increasingly used for tracking cell line identity or determining whether the cell line was contaminated or altered. We hypothesized that the STR profiling should remain identical after extensive passaging unless the cell line loses the region of the chromosome with any marker. Table 3 shows that the STR markers from early- and late-passage cells were identical. The STR profiling data confirmed that the cell line originated from the patient and there were no detectable STR profile alterations or contaminations during the extensive passaging period [5].
3.2 Extensive passaging altered cell morphology and karyotype
Table 3, Short Tandem Repeats markers detected in early- and late-passage cells
	Detected Marker
	Allele

	
	P21
	P100

	AMEL
	X
	X

	D3S1358
	15
	15

	D1S1656
	16, 17.3
	16, 17.3

	D2S441
	11
	11

	D10S1248
	14
	14

	D13S317
	11, 12
	11, 12

	Penta E
	12, 18
	12, 18

	D16S539
	11
	11

	D18S51
	10
	10

	D2S1338
	17, 18
	17, 18

	CSF1PO
	11
	11

	Penta D
	12
	12

	TH01
	8, 9.3
	8, 9.3

	vWA
	14, 18
	14, 18

	D21S11
	28
	28

	D7S820
	8
	8

	D5S818
	11
	11

	TPOX
	10, 11
	10, 11

	D8S1179
	10, 13
	10, 13

	D12S391
	17, 18
	17, 18

	D19S433
	12
	12

	SE33
	23
	23

	D22S1045
	15
	15

	FGA
	25
	25



During the extensive passaging process, we observed the morphology alteration of HG008-T cells cultured in dishes. The early-passage cells had a mixture of polygonal and fibroblast-like morphologies (Fig.1A). However, the majority of the late-passage cells were polygonal-shaped cells (Fig.1B). Karyotype analysis data revealed that majority of the early-passage cells (17 out of 20, or 85 %) had 34 to 36 chromosomes with multiple rearrangements [5], and approximately 15 % of the metaphase spreads (3 out of 20) were found to have duplicated almost the entire genome (68 to 70 chromosomes, data not shown). After extensive passaging, all 20 metaphase spreads analyzed appeared to be whole genome doubled (WGD) followed by loss of some chromosomes (57 to 64 chromosomes, Fig. 1C). These findings are consistent with selective expansion of WGD cells and/or de novo genome doubling events occurring in non-WGD cells during extensive passaging; the present experiments cannot distinguish these possibilities. 
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Fig.1 Morphology of early- and late-passage cells and karyotype of late-passage cells. A, representative picture of P21 cells. The morphology is consistent with the cell line’s confirmed PDAC origin. B representative picture of P101 cells. C, representative picture of karyotype that was whole genome doubled at P101. Arrows in the karyotype panels point to the partially aberrant chromosomes. 

3.3 Extensive passaging accelerated cell growth and enhanced anchorage-independent growth
HG008-T cells grew much faster after around 80 passages. The doubling time of the early-passage cells was 113.60 h ± 38.31 h, whereas for late-passage cells it was 39.18 h ± 11.31 h (unpaired T-Test, Fig. 2A). To investigate whether the tumorigenicity of late-passage cells was altered, we performed soft agar assay. The anchorage-independent growth of the late-passage cells significantly increased relative to early-passage cells (paired T-Test, Fig.2B). The representative colonies from early- and late-passage cells were shown in Fig.2 C and D, respectively.  
[image: ]
Fig.2 Extensive passaging accelerated cell growth and increased anchorage-independent growth in vitro. A, doubling time of the cells was significantly decreased after extensive passaging. B, colonies observed from 500 cells of early- (P20 and P21) and late-passage (P102 and P103) cells. Data points represent the mean ± SD of n = 4 independent biological experiments from two independent operators (with 4 to 5 technical replicates per experiment averaged prior to statistical testing). C, representative picture of colonies from early-passage cells. D. representative picture of colonies from late-passage cells. All data presents mean ± standard deviation. Scale bar, 400 mm. **** denotes p < 0.0001.

3.4 Surface marker expression was largely preserved after extensive passages
To examine whether cancer stem cell or epithelial cell surface marker expression was altered after extensive passaging, we analyzed the cell surface marker expression using flow cytometry. The antibodies used in this study were listed in Table 1. As shown in Fig. 3, among the cancer stem cell markers, CD24 (Fig.3A), CD133 (Fig.3B), and CD146 (Fig.3C) expression was slightly upregulated in late passage, but CD44 (Fig.3D) was not altered. Majority of the early and late-passage cells were CXCR4 (Fig.3E) negative (95.3 % for early passage and 97.1 % for late-passage cells respectively), and DCLK1 was negative for majority of early (98.0 %) and late-passage (99.0 %) cells (Fig.3F). Epithelial cell surface markers, such as CD49f (Fig.3G), and EPCAM (Fig.3H) expression was not altered after extensive passaging. As expected, endothelial cell marker CD31 (Fig. 3I) and hematopoietic cell marker CD45 (Fig. 3J) were negative on early- and late-passage HG008-T cells. Overall, the surface marker expression was largely preserved after extensive passages.
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Fig. 3 Surface marker expression was largely preserved after extensive passaging and partially decreased mesenchymal mRNA level expression. A–J: flow cytometry histogram plots showing surface marker expression (CD24, CD133, CD146, CD44, CXCR4, DCLK1, CD49f, EPCAM, CD31, and CD45) in early- (blue) versus late- (red) passage cells; unstained cells were used as negative control (orange). K, Epithelial and EMT marker gene expression on mRNA level. Plots shown in this figure are the representative experiment of three independent experiments. * denotes p < 0.05, ** denotes p < 0.01, *** denotes p < 0.001, NS denotes not significant (exact p values in the Result section).

We further investigated the epithelial marker gene expression on mRNA level. Although we did not observe alterations on surface EPCAM expression (Fig.3H), the mRNA expression in late-passage cells was down-regulated relative to early-passage cells (Fig.3K, p=0.006, paired T-Test). Other epithelial cell marker genes, such as KRT14 (p=0.0001, paired T-Test), were downregulated as well in late-passage cells, however KRT18 was slightly upregulated in late-passage cells (Fig. 3K, p=0.017, paired T-Test). We also analyzed epithelial-to-mesenchyme transition (EMT) marker-gene expression in early and late passages. Interestingly after over 80 passages, the late-passage cells did not alter the relative mRNA expression of Slug and Twist (Fig.3K, p=0.447 and p=0.07, paired T-Test), transcription factors that suppress epithelial markers expression [16,17]. However, Zeb1, another transcription factor that suppresses epithelial characteristics and enhances mesenchymal properties [17,18], was down regulated in late-passage cells (Fig. 3K, p=0.0003, paired T-Test). Vimentin (an EMT marker) was down regulated in late-passage cells as well (Fig. 3K, p=0.004, paired T-Test). This indicated that mRNA level expression was partially shifted toward epithelial in the late-passage cells.
3.5 Extensive passaging altered cell sensitivity to drugs
Cisplatin is commonly used to treat pancreatic cancer and other types of cancer. Gemcitabine and cisplatin followed by a single round capecitabine, concurrent with radiation therapy, were given as neoadjuvant therapy to the patient before developing the HG008-T cell line. We asked whether extensive passaging altered the cell sensitivity to drugs such as cisplatin. We treated early- and late-passage cells with 1 to 200 μmol/L cisplatin for 24 h to 72 h. No statistically significant difference in cell viability was observed between early- and later-passage cells following 24 h treatment (data not shown). After 48 h of treatment, the percentage of surviving cells was significantly lower in late-passage cells compared with early-passage cells at the cisplatin concentration of 10 μmol/L and higher (Fig. 4A), indicating the late-passage cells were more sensitive to cisplatin. The IC50 of early-passage cells was 65.4 μmol/L (95 % CI 43.1 to 105.5), which was higher than that of late-passage cells (IC50 = 13.2 μmol/L, 95 % CI 9.7 to 18.3). Consistent with observation at 48 h, late-passage cells exhibited higher sensitivity to cisplatin than early-passage cells following 72 h cisplatin treatment (data not shown). We further investigated the percentage of apoptotic cells after 20 μmol/L cisplatin treatment. Fig. 4 B-D showed that percentages of early- (Annexin V single positive) and late-stage (Annexin V and PI double positive) apoptotic cells were higher in the late-passage cells (p=0.0004 and 4.8E-5 respectively, paired T-Test). These data further confirmed that late-passage cells were more sensitive to cisplatin treatment in vitro.
[image: ]
[bookmark: OLE_LINK1]Fig. 4 Extensive passaging altered cell sensitivity to cisplatin but modestly to palbociclib. A, Dose response to cisplatin of early- and late-passage cells after 48 h treatment. Data points represent the mean ± SD of n = 4 independent biological experiments from two independent operators (with 4 technical replicates per experiment averaged prior to statistical testing; response curve generated using GraphPad Prism 11).  B, Percentage of annexin V single positive, annexin V and PI double positive cells after 20 μmol/L cisplatin treatment for 48 h (representative figure of 3 independent experiments, each experiment had 3 technical replicates). C, Representative flow cytometry plot of early-passage cells treated with 20 μmol/L cisplatin for 48 h. D, Representative flow cytometry plot of late-passage cells treated with 20 μmol/L cisplatin for 48 h. E, Dose response to palbociclib of early- and late-passage cells after 48 h treatment. Data points represent the mean ± SD of n = 4 independent biological experiments from two independent operators (with 4 technical replicates per experiment averaged prior to statistical testing; response curve generated using GraphPad Prism 11).  F, Percentage of annexin V single positive, annexin V and PI double positive cells after 20 μmol/L palbociclib treatment for 48 h (representative figure of 3 independent experiment, each experiment had 3 technical replicates). G, Representative flow cytometry plot of early-passage cells treated with 20 μmol/L palbociclib for 48 h. H, Representative flow cytometry plot of late passage cells treated with 20 μmol/L palbociclib for 48 h. Bar graphs and FACS were representative experiment of at least three experiments. All data presents mean ± SD. * denotes p < 0.05, ** denotes p < 0.01, *** denotes p < 0.001, NS denotes not significant (exact p values in the main text).

CDK4/6 inhibitors such as palbociclib (PD0332991) were explored for PDAC treatment and showed promising results[19,20]. Especially, cells with CDKN2A (p16) gene deletion or loss are generally more sensitive to CDK4/6 inhibitors such as palbociclib[21,22]. When p16 is deleted, mutated, or inactivated, CDK4/6 complex formation will be hyperactivated, consequently, these cells become selectively dependent on CDK4/6 activity for proliferation[21,22]. We investigated whether extensive passaging altered HG008-T cells sensitivity to palbociclib. The early- and late-passage cells were treated with 0.5 to 100 μmol/L palbociclib for 48 h. The IC50 of late-passage cells was slightly lower (7.52 μmol/L, 95 % CI 6.09 to 9.20) compared with early-passage cells (IC50 = 12.83 μmol/L, 95 % CI 11.14 to 14.58). To assess the percentage of apoptotic cells, we treated the early- and late-passage cells with 10 and 20 μmol/L palbociclib for 48 h. Annexin V analysis revealed that 10 μmol/L palbociclib did not significantly induce cell apoptosis both early- and late-passage cells. Interestingly, the late-passage cells exhibited slightly more Annexin V positive cells than early-passage cells (p=0.014, paired T-Test), but no significant difference on Annexin V and PI double positive cells (Fig. 4 F-H) (p=0.23, paired T-Test). These findings indicated that late-passage HG008-T cells exhibited similar sensitivity to palbociclib as early-passage cells. 

4. Discussion
HG008-T cell line has one of the most extensively sequenced tumor genomes, with fully public genomic data from 17 technologies from GIAB [5]. The cell line is available publicly at ATCC (CRL-3734). The basic characteristics such as doubling time, anchorage-independent growth, karyotype, and drug sensitivity are essential before the cell line will be widely used in pancreatic cancer research or other applications. In this study, we presented the longitudinal characterization of HG008-T, which primarily aims to provide a reference grade phenotypic characterization and document passage-dependent changes of HG008-T. We highlighted key cellular transitions driven by extended in vitro expansion, with implications for research reproducibility and therapeutic testing.
Tumor cells derived from patients usually are morphologically and genetically heterogeneous [23,24]. HG008-T cell line was generated from a tumor from a pancreatic cancer patient, and exhibited morphological heterogeneity in early passages (Fig.1). We observed more morphologically epithelial like cells after extensive passaging indicating potential clonal selection and/or epigenetic reprogramming [25]. As Muff et al. observed that passaging on tissue-culture plastic systematically alters genes in focal adhesion and ECM-receptor interaction pathways in human and mouse sarcoma cell lines[26], repeated trypsinization and attachment to plastic may select for cells with modified cell-substrate adhesion properties. We also observed karyotype heterogeneity in the early passages, approximately 15 % of the cells had whole genome doubling (WGD). After extensive passaging, all metaphase spreads were found to have WGD. One of the possible explanations could be that WGD cells proliferate faster than those non-WGD, and non-WGD cells doubled their genome due to P53 deficiency [5,27]. Kasai et al. demonstrated in Ishikawa cells that unrestricted 2D passaging uniformly dilutes cell populations, allowing faster-growing sub-clones to dominate slow-growing cells after extensive passages[28]. Notably, the downregulation of mesenchymal marker genes such as VIM and ZEB1 in late-passage cells coincided with morphological alterations indicative of a shift toward epithelial phenotype. This marker shift is particularly notable when framed within established PDAC molecular taxonomies[29]. The early-passage cells (P20 to 26) express relatively high levels of KRT14, ZEB1, and VIM, and exhibit mixed polygonal/fibroblast-like morphology. The decreased expression of KRT14, ZEB1, and VIM in late-passage cells suggests an in vitro selection against the basal/mesenchymal phenotype, resulting in an altered, culture-adapted intermediate state rather than a complete transition to a new subtype. Whether a functional correlation exists among the enrichment of WGD cells, the down regulation of mesenchymal marker gene expression, and a shift toward an epithelial morphological phenotype remains a compelling question that warrants further investigation. Despite these changes, surface markers and canonical gene expression remained largely stable across 80 passages. This suggested that the phenotypic drift during extensive expansion may be partially uncoupled from transcriptional identity.  Additionally, while relative EPCAM mRNA expression significantly decreased in late-passage cells, surface EPCAM protein expression showed minimal change. This discrepancy between mRNA and protein levels could reflect post-transcriptional, translational, or protein-stability mechanisms; however, these potential mechanisms were not investigated in the present study. Comparisons of early- and late-passage transcriptomics will provide more information about the transcriptional drift. A recent study provided an online portal that enables the comparison of gene expression profiles across available cancer cell lines[30]. Incorporating HG008-T early- and late-passage cell transcriptomic profiling into this portal could also help researchers in selecting cell line model for particular biological and/or disease contexts[30]. 
Cisplatin has been used for a variety of cancer treatments, and it was used to treat this patient, so these tumor cells likely were already selected for resistance to cisplatin. The mechanism of action is that cisplatin enters cells and forms intra- and inter-strand DNA crosslinks, which block DNA replication and transcription. Rapidly dividing tumor cells are particularly vulnerable to cisplatin [31,32]. This study found that faster proliferating late-passage HG008-T cells were more sensitive to cisplatin. These findings underscore the importance of passage history when using cancer cell lines to model drug response, particularly for the therapies with cell cycle-specific mechanisms. However, these findings may also indicate the molecular shifting of the cell line over extensive passaging. The selective enhancement of chemosensitivity observed in this study may not be due simply to the faster proliferation rate alone, as in theory, rapidly dividing cells are more sensitive to both drugs tested in this study [33,34]. The different sensitivity may suggest additional underlying phenotypic or molecular shifts, which warrants further investigation. 
There were several limitations of this study. First, we only had one such cell line that is derived from an explicitly consented patient. This is the beginning of NIST Cancer Genome-in-a-Bottle project and tumor-matched normal cell lines project. NIST is further collaborating with researchers in academia to establish more explicitly consented tumor and matched normal cell lines. Second, this study did not include in vivo validation. Third, this study only included limited scope of drug testing. Broader screening might reveal insights into the drug response changes after extensive passaging. However, we chose two drugs with different mechanisms of action as a proof of concept for whether early- and late-passage cells respond differently, as foundational characteristics of HG008-T cell line. Fourth, this study only compared two passage ranges (P20-26 vs P100-105). Many researchers may use intermediate passage number cells (between P26 and P100) in the future. Also, this study was limited to one culture method (2D culture in DMEM with 10 % FBS), which could differ from different culture medium or culture method such as 3D culture (spheroids, tumoroids, and/or organoids). Ongoing characterization will include whole genome sequence comparison between early- and late-passage cells, as well as transcriptomic and epigenomic profiling of early- and late-passages cells. The data generated from the additional analysis will be available to the public through GIAB (https://www.nist.gov/programs-projects/cancer-genome-bottle). Future work is planned to include single-cell sequencing, chromosomal and lineage analysis and drug-response profiling across multiple passages and conditions to clarify how culture dynamics shape cancer cell behavior and therapeutic susceptibility. A well-characterized cell line such as HG008-T that is available to the public will contribute to biomedical research, which relies on reference-grade materials to develop diagnostics, drugs, and mechanistic insights.
5. Conclusion
Longitudinal characterization of the HG008-T cell line demonstrated relative stability in the expression of surface markers over extensive passages, and passage-dependent changes in several epithelial/EMT-associated gene expression. However, morphological and karyotypic profiles exhibited measurable drift with extended passaging. Additionally, the cell line's sensitivity to chemotherapeutic agents, including cisplatin, and anchorage-independent growth showed significant alterations following prolonged in vitro culture. These findings underscore the importance of documenting passage history in studies utilizing HG008-T as a cancer cell model to ensure reproducibility and accurate interpretation of experimental outcomes.
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Abbreviations
The following abbreviations are used in this manuscript:
PBS                      Phosphate buffered saline
FBS                      Fetal bovine serum
STR                      Short tandem repeats
WGD                    Whole Genome Doubling
PDAC                    Pancreatic Ductal Adenocarcinoma
GIAB                     Genome in a Bottle
KRT                       keratin
CDK4/6                 cyclin-dependent kinases 4/6
EMT                      epithelial-to-mesenchymal transition
VIM                      vimentin
GAPDH                glyceraldehyde 3-phosphate dehydrogenase
EPCAM                epithelial cell adhesion molecule
TUBB5                 tubulin beta 5 
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