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We live in an age where new technologies, and organizations involved in the distribution
of biological materials, such as cell culture lines, have eased accessibility to a variety of
in vitro models, developed, and/or harvested from different sources. In translational and
basic ophthalmology research, in vitro assays are an essential component to discovery
and preclinical studies. It is, therefore, of utmost importance for vision researchers to
be cognizant of the risks surrounding the use of newly developed cell culture models
and how scientific integrity could be impacted when standard operating procedures are
not followed for cell line validation and identification. Herein, we discuss authentication
challenges we faced when we obtained a newly marketed human choroidal endothelial
cell line for vision research, and outline our process of validating and characterizing
primary human choroidal endothelial cell lines in the laboratory.
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Misidentification and cross-contamination of cell lines
were originally recognized by Rothfels et al. in 1958,

and have since become well-documented phenomena in
the basic sciences.1–14 To date, the International Cell Line
Authentication Committee has identified a growing list
of 486 misidentified cell lines15 that have, in turn, nega-
tively impacted more than 32,000 published articles.16 In a
2007 press release, the National Institutes of Health (NIH)
responded to these concerns by adopting cell line authen-
tication guidelines. Subsequently, in early 2016, all propos-
als submitted to the NIH were required to include a dedi-
cated section reporting protocols utilized to “authenticate
key biological resources,” and, of relevance here, to provide
information on how the identity, purity, and fidelity of cell
lines used in the grant will be verified. Other grant-awarding
institutions have since followed suit, yet strict authentication
practices across disciplines remain inconsistent.

The field of vision research is not exempt from the woes
of misidentified cell lines.17–20 The human eye is a complex
organ structure where specialized niches of cells reside. The
retinal pigment epithelium and choriocapillaris endothelium
are two examples of cell types that are frequently isolated
for the study of blind eye diseases of the posterior pole of
the eye, such as age-related macular degeneration, prolif-
erative vitreoretinopathy, and diabetic retinopathy, to name
a few. The challenge of culturing these specialized cell
types can be exacerbated by cell heterogeneity. To ensure
culture purity, laboratories are expected to consider imple-
menting additional isolation methods, such as fluorescence-
activated cell sorting (FACS) or magnetic-activated cell sort-
ing (MACS; Miltenyi Biotech Inc., Somerville, MA, USA), both
of which may be cumbersome and costly. Another important

factor affecting in vitro models is that most adult ocular cell
types are non-proliferative in vivo, and cell sorting of ocular
tissues, an expensive endeavor, does not guarantee the
survival of the cells unless placed in a specific “proliferation-
friendly” environment. Determining said “proper” environ-
ment in and of itself requires supplementary trial-and-error
assays and further expenses. Critically, when the culture
environment is unfavorable, cells can rapidly dedifferenti-
ate and/or reach phases of senescence and/or apoptosis.
To circumvent issues of cell senescence in vitro, researchers
have turned to exploiting a variety of stem cell technolo-
gies,21–24 immortalization techniques,25–27 and cell line trans-
formations.28 These modern approaches have again proven
to be costly and untimely, and have ultimately resulted in
the emergence of biotechnology organizations who fill the
void with the promise of providing “authenticated” primary
cell lines, the acquisition of which often needs to be accom-
panied by purchasing proprietary reagents to propagate and
culture at a high cost. Here, we present a narrative of our
experience with a commercially obtained, purported human
choroidal endothelial cell line and outline methods associ-
ated with authentication in support of the principles of rigor
and reproducibility.

METHODOLOGY AND BIOLOGICAL RESOURCES

Commercially obtained “human choroidal endothelial cells”
(Celprogen; cat. 36052-03) were cultured on Celprogen T75
pre-coated human choroidal endothelial primary cell culture
complete extra-cellular matrix flasks (E36052-03-T75) in
Celprogen human choroidal endothelial cell complete
growth media with serum (M36052-03S) as described in the
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FIGURE 1. Schematic diagram of primary human choroidal endothelial cell (hCEC) isolation and expansion.

FIGURE 2. Commercial human choroidal endothelial cells (cCECs) diverge significantly from primary human choroidal endothelial cells
(hCECs) isolated from donor tissues. (A) hCEC and (B) cCEC morphology 24 hours post-confluence, plated at 150,000 cells/6-well, at passage
2; (C) hCEC and (D) cCEC cellular immunofluorescent staining for CD31 surface expression with Alexa Fluor 488 secondary antibody (green)
and the nuclear stain Hoechst (blue); degree of tube-formation by (E) hCECs and (F) cCECs cultured on Geltrex coated plates, (G) flow
cytometry analysis for CD31. FSC = forward scatter area; negative control = no antibody hCEC samples; aquablue = live-dead stain for live
cell gating.
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FIGURE 3. The qRT-PCR analysis for RNA pan-endothelial markers (CD31, VEGFR1, VEGFR2, and vWF) and a choriocapillaris-specific marker
expression (CA4) relative to the housekeeping reference gene 36B4. (A) The hCEC threshold cycle curves from passage 2 cells. (B) The
cCEC threshold cycle curves from passage 2 cells. (C) Comparison of raw CT values for cCEC (3 technical replicates) and hCEC (3 technical
replicates from 8 biological replicates) at 5 ng cDNA per qRT-PCR (statistical significance; two-sample t-test; *P < 0.05).

product data sheet. These commercial choroidal endothe-
lial cells (cCECs) were compared to primary choroidal
endothelial cells (hCECs) isolated in the laboratory from
human eye donor tissue within 6 hours from the time of
death (BioSight, NC; n = 6 male donors, 2 female donors;
ages 47 to 90 with normal ocular history). Microdissected
choroids were digested with collagenase (Sigma-Aldrich;
C2674), blocked with FCR-blocking reagent (Miltenyi; 130-
059-901), and labeled with VE-cadherin magnetic beads
(Miltenyi; 130-097-857). Labeled cells were enriched with
MACS on LS columns (Miltenyi; 130-042-301) and plated
on 5 ug/mL human fibronectin/0.5% gelatin (Sigma-Aldrich;
F0895, Sigma Aldrich; G1393) coated 6-well plates in 10%
FBS EGM-2MV media (Lonza; CC-3202) supplemented with
1× nonessential amino acids (Corning; 25-025-CI), 1×
penstrep (Sigma-Aldrich; P0781), and 2.5 ug/mL ampho-
tericin B (Thermo Fisher; 15290018). At 90% confluency,
hCECs were dissociated with Accumax (Invitrogen; 00-4666-
56) into a single-cell solution and labeled with CD31-
Pacific Blue conjugated antibody (Biolegend; 303114) and
Aquablue live-dead Stain (Invitrogen; 43110). The hCECs
were then sorted with an eSony SH800 cell sorter gated
against Aquablue live-dead and CD31-Pacific Blue. Sorted
hCECs were next expanded in coated six-well plates as previ-
ously described, and antibiotics were removed prior to disso-
ciating cells at 90% confluence with Accumax. The quanti-
tative real-time polymerase chain reaction (qRT-PCR),29–31

immunocytochemistry,32 and tube formation assays29,33,34

were performed as previously described. Short-tandem
repeat (STR) profiling was carried out by co-amplification of
nine human-specific polymorphic STR markers plus amel-
ogenin for gender-specification with the Geneprint 10 kit
(Promega; B9510). Allele size and identity were determined
on an ABI 3130xl automated capillary DNA sequencer.

THE NEED FOR AUTHENTIC HUMAN PRIMARY

CHOROIDAL CELL LINES: WE WON’T KNOW IF WE

DON’T TEST

Age-related macular degeneration (AMD) is the leading
cause of blinding eye disease in elderly populations of
the developed world.35 Traditionally, much of AMD-related
research carried out with in vitro assays have focused on
utilizing culture models of retinal pigment epithelial (RPE)
cells. However, there has been a steady demand for cell
culture models of “AMD-vulnerable” cells other than RPE
cells, importantly, choroidal endothelial cells, which have
been shown to be compromised not only in wet or neovas-
cular AMD, but also in the early and late dry forms of the
disease.36–39

Given the paucity of protocols available for isolat-
ing, purifying, and expanding primary human choroidal
endothelial cell lines, we ordered commercially available
“human choroidal endothelial cells” (cCECs) from a biotech-
nology company founded in 2002 under the premise of stem
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FIGURE 4. Short-tandem repeat profiling (STR) of cells. (A) Commercial human choroidal endothelial cells (cCECs) lack human-specific
STR allelic peaks as compared to (B) human primary choroidal endothelial cells (hCECs). (C) Human-specific STR profiles establish allelic
identities for hCEC and cCEC by co-amplification and capillary DNA sequencing analysis. np = not present; STR markers: THO1, D21S11,
D5S818, D13S317, D7S820, D16S539, CSF1P0, AMEL, vWA, and TPOX.

cell research and 3D technology.40,41 To our knowledge,
this is the only company currently offering primary human
choroidal endothelial cells. Per rigor and reproducibility
protocol, we characterized the cells prior to use as outlined
in our research proposals. We settled on the need for the
“choroidal endothelial” cell line to meet at least five bench-
marks: (1) morphological evaluation: visible “cobblestone-
like” appearance characteristic of choroidal endothelial cells,
(2) cell-specific gene expression: confirmed expression of
choroidal endothelial associated gene markers by qRT-PCR
analysis, (3) evidence of cell-specific protein marker expres-
sion: positive staining for morphological marker(s) through
flow analysis and/or immunofluorescent staining, (4) func-
tional evaluation: evidence of ability to form tubes in vitro,
and (5) genomic analysis: human cell line authentication.
The commercial cell line purchased was compared to human
primary choroidal endothelial cells isolated from donor eyes
in the laboratory per schema presented in Figure 1.

Morphological Evaluation

Abnormal morphology was the first indication that the
commercial “choroidal endothelial” cell line (cCEC) was not
of endothelial origin. Human primary choroidal endothelial
cells harvested from donor tissues (hCEC) typically main-
tain a “dark-centered, cobblestone-like”monolayer at conflu-
ence42–44 (Fig. 2A), yet cCEC did not present with these

hallmarks (Fig. 2B). Furthermore, the cCECs retained visi-
bly distinct cell borders at confluence, whereas the hCEC
borders were largely unnoticeable. Finally, when plated at
the same density, cCECs reached confluence in less than half
the time required by hCECs, and were approximately one-
fourth the measurable size of hCECs.

Cell-Specific Protein and Gene Expression

In cCECs, low to absent levels of CD31, an established
endothelial cell surface marker, was confirmed qualitatively
by immunofluorescent staining (Fig. 2D) and quantitatively
by flow cytometry analysis (Fig. 2G). Conversely, hCEC were
positive for CD31 cell surface staining (Fig. 2C) with a
measured purity of 99.0% CD31-positive cells (Fig. 2G). Simi-
larly, characterization of the commercial cell line, cCEC,
in comparison to hCEC, by qRT-PCR, revealed signifi-
cantly lower RNA levels of pan-endothelial markers (CD31,
VEGFR1, VEGFR2, and vWF) and lower levels of the
choriocapillaris-specific marker (CA4; Figs. 3A–C).

Functional Evaluation

Functionally, whereas hCEC formed capillary-like structures
typical of endothelial cells (Fig. 2E), cCECs were unable to
form tubes when grown on Geltrex-coated plates (Fig. 2F).
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Genomic Analysis

The STR profiling, which has become a requirement for
publication in many journals, revealed cCEC lack 10 human-
specific STR loci (THO1, TPOX, VWA, CSF1PO, D16S539,
D75820, D13S317, D21S11, D75820, D13S317, D5S818, and
amelogenin). All peaks were appropriately identified in
hCEC. Furthermore, amelogenin, a gender-specific STR,
confirmed the gender of the human donor profiled, male
in this case (Fig. 4).

FINAL THOUGHTS

Here, we provide one example of the imperative need
to authenticate biological materials used in the laboratory
regardless of the originating source. We found “human
choroidal endothelial cells” obtained from a life sciences
and biotechnology company failed to meet all five bench-
marks used to authenticate the nature of the cells. They
lacked typical choroidal endothelial morphology, did not
express pan-endothelial or cell-specific markers, were func-
tionally dissimilar to primary human choroidal cells, and
lacked human DNA markers. Although the initial reaction
to the commercial availability of a highly sought after cell
line may be to operate on a sense of “trust” and begin
utilizing the cells without further in-house characterization,
these findings strongly reinforce the need for vision research
laboratories to use robust standard operating procedures
for authentication when receiving new cell lines regardless
of origin. By creating a baseline, cell lines may be peri-
odically monitored for genetic drift and cross contamina-
tion. When possible, comparison across culture models is
preferable. In-house derived and characterized primary cell
lines are particularly useful for confirming new cell culture
models. Without such due diligence, laboratories will likely
fall victim to the risks associated with the steady flow of new
technological advances in cellular biology that are either
created in-house or enter through the market.
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