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Introduction

Methods

Summary

Results
Gene Alteration In tumor In cell line 
Mutations lost by cell line 
BRCA2  M840L Y N 
TP53 V216M Y N 
BTK  S174R Y N 
PCM1 N159S Y N 
NOTCH2  A3F Y N 
SEPT5 M347I Y N 
USP6 I67 _R68 delinsMW Y N 
Mutations unchanged from tumor to cell line 
AMER1  T625A Y Y 
EP300 G211S Y Y 
EZR C284S Y Y 
GPR124 V1146A Y Y 
GSK3B R321Q Y Y 
HGF Y399H Y Y 
HIP1 D749N Y Y 
IKBKE R187Q Y Y 
MAML2  G174D Y Y 
MYH9 K989Q Y Y 
NUMA1  R918C Y Y 
RECQL4  V799M Y Y 
TLX1  G31D Y Y 
USP6  S1009F Y Y 
Mutations gained by cell line 
SMO  L23dup N Y 
PER1  R774H N Y 

 

Table 1. Mutation status of the Powder cell line

Mutation status and tumor type, as measured by specific biomarker expression, are often prioritized 
during the cancer cell line selection process. In developing a novel cell line (Powder) of high grade serous 
carcinoma (HGSC), we followed the status of clinically relevant biomarkers to identify changes taking 
place between the tissue and cultured cell population. Two mutations relevant to HGSC, in p53 and 
BRCA2, were found in the tumor but not in the cultured cells. Similar cell lines derived from HGSC have 
been established1, and we determined, through a reanalysis of public data, that the p53 WT cell lines 
express higher protein levels of BOP1 and EIF4E, two genes relevant to oncology research2,3. These re-
sults underscore the need for further characterization of the Powder cell line to clarify its application to 
specific research questions. 

While it’s generally understood that various genetic and phenotypic aspects of the cells will change as 
they are grown in vitro, variations from the original tumor are not typically measured and recorded. This 
is frequently due to prioritization of the primary tumor tissue for experimental use. To gain additional 
information, we apply methodology that allows for uncultured tumor tissue to be set aside for a variety 
of baseline measurements.

We are developing a process in which a characterization data set is built to aid researchers in selecting 
cell lines:

1. Identify the genotypic and phenotypic tumor hallmarks for a specific model

2. Track the essential tumor hallmarks during culture

3. Delineate caveats in using the resulting cell lines or primary cultures 

4. Continue model improvement to fill unmet needs

Germaine to this process, we contextualized the relevance of p53 mutations, a hallmark of HGSC4, by 
mapping the greater landscape of p53 mutations available in cell lines. Understanding which mutations 
are over- or underrepresented in cell lines provides direction in ongoing methods development. Using 
data available from TCGA and CCLE5, we then compared overall survival of patients with p53 mutations 
and examined whether groups with and without cell line representation possess different clinical attri-
butes.

Monitoring these hallmarks aids in understanding how the cell population changes over time and en-
ables proper utilization of new lines and continued cell line optimization—both of existing lines and as it 
applies to future cell line development.

Relative expression of genes in HGSC cell lines: p53 mutation status of Powder was matched to a panel of 
previously reported HGSC cell lines1. We further subdivided the panel by p53 protein expression level by 
reanalyzing previously published reverse phase protein array (RPPA) data1. Significance of differential ex-
pression between groups was determined with a Welch's t-test.
Tissue Collection and Cell Culture: All specimens were collected under institutional review board approval 
and with informed consent. Cell lines were generated by dissociating the solid tumor fragments and trans-
ferring cells to Primaria™ T-25 flasks (Corning®, USA). The cells were cultured in 10 mL of Renaissance Es-
sential Tumor Medium™ (RETM) (Cellaria, Cambridge, MA) supplemented with heat-inactivated FBS 
(5%-7%) per T-25 flask. Cells were grown in a humidified incubator at 37°C, with 5% CO2. Jacket cells grew 
in 20% O2 while Powder cells required 5% O¬2. Cell lines underwent complete medium changes every 2 to 
3 days.
Genetic Analysis: Using a validated panel, we analyzed 592 genes in the Powder cell model and tumor 
from which it was derived, detecting several classes of genomic alterations. This included point mutations, 
indels, copy number variations, fusions, and variant transcripts. Targeted sequencing was performed at 
500x coverage.
Immunofluorescent Staining: All cells were fixed with PFA and permeabilized with Triton™ X-100. Jacket 
was plated on 6-well plates and stained using an anti-pan-keratin antibody. Powder was plated on cham-
ber slides and stained using an anti-PAX8 antibody and an anti-cytokeratin 7 antibody. 
Immunohistochemical Staining: A representative section of tumor was fixed for histological analysis, and 
all specimens were confirmed to match the clinical and pathologic diagnosis by H&E staining and immuno-
histochemistry for relevant clinical markers. Staining was performed using Envision Plus Horseradish Perox-
idase system (DAKO, USA). Sections were incubated with primary antibody and the secondary antibody 
was applied for 30 minutes, followed by DAB. 
Survival analysis: Patient and cell line data were accessed from TCGA and CCLE databases. Survival analy-
sis was done using R, version 3.3.1, and the 'survival' package, version 2.39.4. Survival curves were esti-
mated using the Kaplan-Meier method. P- values for the comparison between survival curves were calcu-
lated using the log rank test. To assign a single domain to tumors with multiple p53 mutations (in survival 
analysis stratified by domain 6,7,8,9), the following criteria were used: 1) If the first mutation (by AA posi-
tion) was either frameshift, or nonsense, then that mutation's domain was chosen; 2) If all mutations fell 
in the same domain, then that domain was used; 3) otherwise, no domain was assigned (i.e., patient was 
excluded).
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Figure 1. Survival analysis of TCGA patients stratified by p53 muta-
tion status (univariate analysis). Mutations in p53 are associated 
with a decrease in overall survival in this cohort.

I. Culturing additional cell lines from Powder’s banked tumor tissue preps is currently underway to 
capture p53 mutant cells. Similar p53 mutations to the one missing from the Powder cell line were pres-
ent in the Jacket cells (Table 2) and numerous CCLE cell lines, indicating that there is no apparent attri-
bute tied to this p53 alteration that prevents culture. Because HGSC is di�cult to culture long-term, and 
mutant p53 is nearly ubiquitous, we are identifying additional pathways around which to optimize cul-
ture methodology. 
II. The pattern of p53 mutation distribution along the length of the protein in CCLE cell lines is similar 
to that of TCGA patients. Two exceptions are the apoptosis regulatory region and C-terminal domain 
where cell line coverage is relatively poor in comparison to other domains.

A.  When compared to patients with p53 mutations in the tetramerization domain, p53 mutation in 
the underrepresented apoptosis regulatory region is associated with decreased survival. Cell lines 
with this mutation may be relevant models of speci�c indications in oncology.

III. Cell lines currently cover many of the p53 mutations in patients’ tumors with respect to p53 protein 
functional domain.  Two-hundred thirty patient tumors had p53 mutations located at AA positions not 
represented in the CCLE cell line database. There was no signi�cant di�erence in survival between pa-
tients with cell line representation and those without, indicating that while the cell line derivation pro-
cess skewed towards the DNA binding domain and away from the apoptosis-related region, the cell line 
derivation processes used to create the cell lines did not select for patients with a speci�c survival pro�le.

A.  Although there is reasonable coverage of the patient pro�le both with respect to p53 mutations 
and survival, researchers are dissatis�ed with preclinical data generated using cell lines. Although 
the mutation pro�le of cell lines is a relevant factor, it puts into question what additional character-
istics de�ne the utility of the cell line as a model.

IV. An important caveat to note is that all survival analyses in this study were univariate, and that pa-
tient groups very likely have other factors contributing to survival outcome. One such category is tumor 
type, which is associated with di�erences in survival in this group (strati�cation by the 8 most populous 
groups results in P<0.0001 by the log rank test).

Table 2. TP53 mutation status of cells grown in RETM
Cell line 
name 

Alteration Functional 
Domain 

Mutation 
type 

Pathogenic? Mutation present 
in cell line? 

Powder V216M DNA binding Missense Yes; score = 0.99 No 
Jacket S215G DNA binding Missense Yes; score = 0.99 Yes 
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Figure 5. Histology and marker analysis of the tumor from which the Powder cell line was derived. (A) H&E; 
(B) Immunohistochemical detection of PAX8; (C) Immunohistochemical detection of p53.
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Figure 6.  Powder (p53 WT) and Jacket (p53 mut) cell line marker analysis by immunofluorescence detection.  (A) CK7 staining in Powder 
cells; (B) PAX8 staining in Powder cells; (C) DAPI corresponding to panel B; (D) Pan-keratin staining in Jacket cells.

Figure 3. Plot of p53 mutation by amino acid location in CCLE cell lines and TCGA patient tumors. (A) 
All CCLE cell lines, (B) All TCGA patients, (C) Ovarian cancer cell lines, (D) Ovarian cancer TCGA pa-
tients. Overall patterns of mutations are retained by cell lines, but cell lines with mutations in the 
apoptosis regulatory region and C-terminal regulatory domain are not well represented.
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Figure 4. Overall survival of patients stratified by p53 domain. (A) All p53 mutant TCGA patients, (B) p53 mutant patients with cell line rep-
resentation, (C) p53 mutant patients not represented by a cell line. P-values determined by the log rank test. There are significant differenc-
es between domains in patients represented by cell lines (A), while the entire cohort trends similarly but does not reach significance (B). 
The patients with mutations in the apoptosis regulatory region have a pattern of overall survival that is similar to or worse than the other 
domains, suggesting that cell lines representing this region may be of research value.
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Figure 2. Survival analysis in TCGA patients harboring p53 mutations with and without cell line repre-
sentation. (A) All TCGA patients with p53 mutations. (B) Ovarian cancer patients with p53 mutations. In 
both examples, patients have the same pattern of survival as the general p53-mutant population re-
gardless of cell line representation status.
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