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LIST OF ABBREVIATIONS 

ABS540 

hASC 

HUVEC 

LTC 

MAN 

NRU 

PC 

Stdev 

SUR 

VA assay 

VAM 

vc 

TF 

absorbance at wavelength 540 nm 

human adipose stromal (stem) cells 

human umbilical vein endothelial cells 

inhibitory concentration 50, the concentration that causes 50 

% inhibition of tubule formation/cell death compared to 

unexposed vehicle control 

low tubule control 

D-Mannitol, negative test item in the validation

neutral red uptake cell viability/cytotoxicity assay 

positive control 

standard deviation 

Suramin, positive control (PC), also used as positive test item 

in the validation 

vasculogenesis/angiogenesis assay 

Vasculogenesis/Angiogenesis Model, test system used in VA 

assay, consisting of hASC and HUVEC co-cultures 

vehicle control in cytotoxicity assay, vehicle control (aka tubule 

control) in VA assay that causes maximal tubule formation 

Tubule formation 
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1. INTRODUCTION

Vasculogenesis/angiogenesis (VA) assay has been widely used in FHAIVE and its 
predecessor FICAM. It was initially validated in FICAM in 2015 (VM0010, Toimela 
et al, 2017). Thereafter the method has been modified as follows: 1) the in-house 
isolated hASC and HUVEC cells used previously in the method were replaced with 
commercially available hASC and HUVEC, 2) the concentrations of inductive 
growth factors of tubule formation, VEGF and FGF-13, were reduced to 20% to 
enable better distinction of dense tubule networks 3) cytotoxicity assay was 
changed from WST-1 to NRU assay 4) the analysis software for quantifying tubules 
was changed from Cell IQ analyser to AngioTool, and 5) calculation templates were 
added for calculation of cytotoxicity and tubule formation results. The changes 
required a follow-up validation of the assay. 

Simultaneously, FHAIVE had agreed with EURL ECVAM to participate in the EU 
Validation study for in vitro methods to detect modulators of thyroid hormone 
signalling. EURL ECVAM has identified 18 in vitro methods as candidates for a 
validation study that will be carried out in collaboration with the European Union 
Network of Laboratories for the Validation of Alternative Methods (EU-NETVAL). 
Methods that perform well could eventually be used in a regulatory context for the 
identification of endocrine disruptors. FHAIVE's VA assay, "In vitro human adipose 
stromal cell-human umbilical vein endothelial cell (hASC-HUVEC) 
vasculogenesis/angiogenesis method (inhibition and induction)" is one of the 
methods selected by EURL ECVAM for the thyroid validation study, where it is part 
of the block of integrative cellular assays. The method is thought to be relevant, as 
one or more modes of action that lead to the disruption of tubule formation are 
thought to be thyroid related (Liu et al, 2014; Luidens et al, 2010, Davis et al, 2015). 

2. AIM OF THE VALIDATION

This was a joint EURL ECVAM -coordinated validation of in vitro methods for 
detecting thyroid hormone disruptors Sc Part 1 and FHAIVE's in-house follow-up 
validation of the test method. 

The aim of this validation was to show that the vasculogenesis/angiogenesis assay 
(originally validated in 2015, see FICAM VM0010) is suitable and reliable for its 
intended use, i.e., detecting potential inhibitors of vasculogenesis and 
angiogenesis in human. This validation study evaluated the robustness and 
reliability of the vasculogenesis/angiogenesis assay and its potential use as a 
marker of thyroid disruption. 
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Suramin was used as a positive control and as a test item1 known to inhibit 
(inhibitor) vasculogenesis/ angiogenesis, and D-Mannitol was used as a test item 
known not to inhibit (non-inhibitor) vasculogenesis/angiogenesis. 

The validation included software validation of the analysis program AngioTool and 
the Microsoft Excel calculation templates used for calculating cytotoxicity and 
angiogenesis/vasculogenesis (tubule formation) results. 

This validation study was based on the test method protocol that is presented in 
FHAIVE's SOP/M/0072-6.0. 

1The designation test item used in this validation study deviates from FHAIVE's SOP/S/0001
(Validation of test methods), according to which proficiency chemicals should be called reference 
items instead of test items in validations. Suramin is also a positive control in the validation study, 
so it is treated in the same way as the positive controls, while D-mannitol is treated like a reference 
item. 

3. SCIENTIFIC BASIS OF THE METHOD

3.1. The purpose of the test method 

The vasculogenesis/angiogenesis in vitro test method can be used to test inhibitors 
of blood vessel formation to detect the human anti-angiogenic response to 
chemical substances (industrial chemicals, pharmaceuticals). 

The method is a tool for evaluating both pharmacological and toxicological effects 
of chemicals on vasculogenesis/angiogenesis. Information on the developing 
tubules, such as length and branching, can also be obtained, although not any 
minute morphological features will be detected. 

Inhibition of blood vessel formation may be a potential marker of dysfunction of 
specific tissues, such as thyroid. Thyroid hormones are strong proangiogenic 
factors (Luidens et al 201 O; Davis et al, 2015). Disbalance of thyroxine and VEGF 
signaling is known to have profound effects on blood vessel formation (Rajabi et 
al, 2019; Balzan et al, 2013). 

3.2. The mechanistic basis of the test method 

The test method is based on a co-culture of human adipose stromal cells (hASC) 
and human umbilical vein endothelial cells (HUVEC). The co-culture is called 
Vasculogenesis/Angiogenesis Model (VAM) and it is the test system in VA assay. 

In the co-culture, endothelial cells form tubular structures and connect to form 
tubular networks. Adipose stromal cells provide endothelial cells with specific 
matrix proteins that make the tubulogenesis possible (Bishop et al. 1999; Donovan 
et al 2001; Friis et al. 2003) in the presence of specific exogenous growth factors. 
Also endothelial precursor cells are present in adipose stromal cell fraction to mimic 
vasculogenesis. The tubular network is formed within six days in the co-culture and 
can be visualized by immunostaining. 

The test is run with tubule/vehicle and low tubule controls. Tubule/vehicle controls 
contain vasculogenic/angiogenic factors (2 ng/ml VEGF combined with 0.2 ng/ml 
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FGF-2) that are used to mimic the angiogenesis in human (Ai et al. 2007; Bishop 
et al. 1999; Donovan et al. 2001; Friis et al. 2003, Nakatsu and Hughes 2008, 
Sarkanen et al, 2012, Huttala et al, 2015, Toimela et al, 2016). Low tubule control 
does not contain these angiogenic factors. The test is designed so that in six days 
the tubule/vehicle control cultures develop tubular network, whereas low tubule 
controls show no or minor tubule formation. 

During the tubule formation assay, tubule formation is chemically induced and 
simultaneously, eight concentrations of test chemical are present in the cell culture 
medium. After 6 days of exposure, the tubules are visualized by 
immunocytochemical staining with anti-von Willebrand factor and/or Collagen IV. 
Inhibition of tubule formation by chemicals (assessed by measuring total tubule 
length) is compared to tubule/vehicle controls and toxicity data to classify them as 
inhibitors or non-inhibitors. 

3.3. The relevance of the test method 

In vitro Vasculogenesis/angiogenesis model (VAM) mimics all the different phases 
of natural blood vessel formation in human. Vasculogenesis/angiogenesis assay 
may replace or supplement several animal tests: zebrafish angiogenesis model, 
rodent ischemia model, chicken chorion allantoic membrane model and Matrigel 
plug assay. 

4. GUIDELINE COMPLIANCE

The validation was based on "OECD Guidance document No. 34 on the validation 
and international acceptance of new or updated test methods for hazard 
assessment (2005)". 

This validation was performed in compliance with Good Laboratory Practice 
Regulations as set forth in OECD [ENV/MC/CHEM(98)17] and the Standard 
Operating Procedures of FHAIVE. 

5. STUDY ORGANIZATION

5. 1. Study location

FHAIVE 
The Faculty of Medicine and Health Technology 
Arvo Ylpon katu 34 
33014 Tampere University 
Finland 

5.2. Responsible personnel 

Test Facility Management: 
Dario Greco, PhD, professor 

Validation Study Responsible: 
Tarja Toimela (TT), PhD 
TT was responsible for the overall conduct of the validation, writing of the validation 
plan and report, calculation and analysis of results, and validation of Excel 
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templates and AngioTool software. TT performed thawing of cells for Test2 and 
performed the exposures for Test 5. 

Technicians: 

Sanna Kaven (SKa) 
SKa made cell cultures, prepared chemical stocks and dilutions, exposed the cell 
cultures, performed NRU assays, stained tubule structures and performed 
microscopic imaging of stained tubules (exception, see TT above) 

5.3. Time table 

Validation plan: 1st September, 2022 
Start of validation procedure: 1st September 2022 
Completion of experimental procedure: 14th November 2022 
Validation report: 20th December 2022 

5.4. Quality Assurance 

The validation plan and report were audited for GLP compliancy by QA auditor. QA 
auditor carried out inspections on critical phases in the execution of the validation. 
Routine facility inspections have been performed annually. 

5.5. Archiving and record maintenance 

The validation plan, along with the corresponding validation report and data 
generated in support of this validation study will be archived in FHAIVE according 
to SOP/O/0002-11.0. 

6. MATERIALS

6.1. Test systems 
Human adipose stromal cells (hASC) obtained from Promocell, hMSC, cat # C-12977, 
FHAIVE's lot 136-hASC/2-p4/1 at passage 5 were used. The certificates of analysis of 
hASCs are included as Appendix 1. 

Human umbilical vein endothelial cells (HUVEC) obtained from Promocell, cat# C-12203, 
FHAIVE's lot 135-HUVEC/2-p4/2 at passage 5 were used. The certificates of analysis 
of HUVECs are included as Appendix 2. 

At the end of the validation, 4 million HUVEC and HASC cells will be sent to EURL 
ECVAM for quality control. 

All the procedures in the handling, eg. receipt, storage, creation of master banks, 
and quality control, complied with the Standard Operation Procedures at FHAIVE. 

6.2. Reagents and solutions 

• Trypan blue (Sigma #T8154, lot RNBK1828)
• Anti-von Willebrand Factor, antibody produced in rabbit, primary antibody

(Dako #A0082, lot 41276634) *
• lmmunofluorescence secondary antibody, Polyclonal Antibody to Rabbit lgG

Alexa Fluor 568 (lnvitrogen #A 11011, lot 2192277) *
• Triton X-100 (Molecular Biology #9002-93-1, lot 8J0 11996)
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• Dulbecco's Phosphate Buffered Saline (DPBS) (with calcium and
magnesium) (Lonza# BE17-513F, lot 21MB023)

• Distilled H2O (Gibco #15230, lot 2401865)
• Animal-Free Blocker® (Vector laboratories #SP-5030-250, lot 2H0226)
• Neutral red solution (3,3 g/1 in DPBS) (Sigma #N2889, lot RNBL0143)
• Glacial acetic acid (Supelco #1.00063.1000, lot K53960263150)
• Ethanol (Altia #12110124, lot 21063
• 70 % ethanol for fixing of cells (prepared according to SOP/M/0020-3.0) lot

70% ethanol/Ska/20/130623
• hASC cell culture medium (prepared according to SOP/M/0037-5.1) lots:

hASCNM0019Test1/Ska/1/011022, hASCNM0019Test2/TT/1/151022,
hASCNM0019Test3/Ska/1/291022, hASCNM0019Test4/Ska/1/131122,
hASCNM00 19T est5/Ska/1 /271122

• HUVEC cell culture medium (prepared according to SOP/M/0002-3.0), lots:
HUVECNM0019Test1/Ska/1/011022, HUVECNM0019Test2/TT/1/ 151022,

HUVECNM0019Test3/Ska/1/291022, HUVECNM0019Test4/Ska/1/131122,
HUVECNM0019Test5/Ska/1/271122

• VAM medium (prepared according to SOP/M/0068-2.0) lots:
VAM solutionNM0019Test1/Ska/1/061022,
VAM solutionNM0019Test2/Ska/1/201022,
VAM solutionNM0019Test3/Ska/1/041122,
VAM solutionNM0019Test4/Ska/1/181122,
VAM solutionNM0019Test5/Ska/1/011222

• VAM stimulation medium (prepared according to SOP/M/0070-2.0) lots:
VAM stimulation solutionNM0019Test1 /Ska/1 /060922,
VAM stimulation solutionNM0019Test1 /Ska/2/090922,
VAM stimulation solutionNM0019Test2/Ska/1/200922,
VAM stimulation solutionNM0019Test2/Ska/2/230922,
VAM stimulation solutionNM0019Test3/Ska/1/041022,
VAM stimulation solutionNM0019Test3/Ska/2/071022,
VAM stimulation solutionNM0019Test4/Ska/1/181022,
VAM stimulation solutionNM0019Test4/Ska/2/211022,
VAM stimulation solutionNM0019Test5/Ska/1/011122,
VAM stimulation solutionNM0019Test5/TT/2/041122

*There are recombinant antibodies available, but they did not work equally well
in the imaging system used

6.3 Test items 

The test items are listed in Table I. Note! Suramin served also as the positive 
control in the vasculogenesis/ angiogenesis assay in each well plate (see Chapter 
6.4). 

Table I. Test items. 

Reference Abbrev CAS Supplier Cat# Lot Physical Solvent 
chemical iation state 

Suramin SUR 129-46- Cayman 11126 0609411-4 solid VAM stimulation 
4 Chemical medium 
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VAM stimulation 
medium 

The certificates of analysis of the test items are included as Appendix 3. 

6.4. Positive control 

0.2 mM Suramin (CAS 3380-34-5, Cayman chemical #11126, lot 0609411-4) was 
used as positive control. 

6.5. Low tubule control 

VAM solution was used as low tubule control. 

6. 6. Vehicle /Tubule control

VAM stimulation medium was used as vehicle control (and tubule control).

6. 7. Equipment

• Tecan Spark Multiplate reader for absorbance measurement at 540 nm
• Nikon Ti-S fluorescence phase-contrast microscope capable of taking

images at 568 nm emission wavelength
• Sterile 48-well flat bottom cell culture microtiter plates (Nunc # 150687)

7. Validation procedure
The validation was performed according to SOP/M/0072-6.0 and according to 
specifications in the validation study plan. The vasculogenesis/angiogenesis (VA) 
assay consisted of a tubule formation assay and a parallel cytotoxicity assay 
(neutral red uptake, NRU) to evaluate cytotoxicity and specificity of the results. 
Calculation templates (see Chapter 7.7.) and AngioTool analysis software (see 
Chapter 7.8.) were also validated during the study. 

The effective concentration ranges of test items Suramin and D-Mannitol are known 
from previous tests, therefore no dose range finder tests were performed. Using 
the two test items Suramin and D-Mannitol VA assay (both cytotoxicity and tubule 
formation assays) was repeated until five valid runs were obtained. Each repeat 
(run) was independent and started by thawing of new cells. In documentation, the 
runs were indicated as Test1, Test2, Test3, Test4 and Test5 supplemented to 
validation study number. Table II shows the abbreviations of test items and 
identifiers used for NRU and tubule formation (TF) assays. 

Table II. Identifiers for the runs 
Test item Test1 Test 2 Test 3 Test4 Test 5 

Suramin VM0019- VM0019- VM0019- VM0019- VM0019-Test5-
NRU assay Test1-SUR- Test2-SUR- Test3-SUR- Test4-SUR- SUR -NRU 

NRU NRU NRU NRU 
Suramin VM0019- VM0019- VM0019- VM0019-SUR- VM0019-Test5-
tubule Test1-SUR-TF Test2-SUR-TF Test3-SUR-TF Test4-TF SUR -TF 
formation 
assay 
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D-Mannitol VM0019- VM0019-MAN- VM0019-
NRU assay Test1-MAN- Test2-NRU Test3-MAN-

NRU NRU 
D-Mannitol VM0019- VM0019- VM0019-
tubule Test1-MAN- Test2-MAN-TF Test3-MAN-TF 
formation TF 
assay

Schedule of individual VA assay was the following: 
Day -5 Thawing of hASC cells 
Day -4 Thawing of HUVEC cells 
Day -1 Preparation of hASC/HUVEC cocultures 
Day O Exposure 1 
Day 3 Exposure 2 

VM0019-
Test4-MAN-
NRU 
VM0019-
Test4-MAN-TF 

Day 6 Exposure stops. Cytotoxicity (NRU) measurement. 
lmmunofluorescence tubule staining starts. 

12(26) 

VM0019-Test5-
MANNRU 

VM0019-MAN-
Test5-TF 

Day 7 lmmufluorescence staining continues (can also be performed in day 8 
or 9) 

Day 8 on Microscopic imaging and analysis of results 

The original documentation of the performance of this validation study can be 
found in Folder VM0019 as follows: 
Section 2, Test1 
Section 3, Test2 
Section 4, Test3 
Section 5, Test4 
Section 6, Test5 
Section 7, Validation of calculation templates and AngioTool 
Section 8, AngioTool result files 
Section 9, Excel calculations (Tubule formation and NRU) 
Section 10 Graph Pad calculations 

7.1 Cell culturing 

7.1.1. Media 

hASC cell culture medium was prepared according to SOP/M/0037-5.1, and 
HUVEC cell culture medium according to SOP/M/0002-3.0. hASC cell culture 
medium contained DMEM/F12 supplemented with 10% Human Serum and 1% L­
glutamine. HUVEC cell culture medium contained Lonza's EGM-2 medium (EBM-
2 Basal medium, #CC-3156) and EGM-2 SingleQuots supplements ( #CC-4176): 
2% Human Serum (replaced FBS), 0.04% Hydrocortisone, 0.4% FGF, 0.1 % VEGF, 
0.1 % IGF, 0.1 % Ascorbic acid, 0.1 % EGF, 0.1 % Heparin. 

Exposure medium for low tubule control was VAM solution (SOP/M/0068-2.0). 
VAM solution contained DMEM/F12 medium supplemented with 2,56 mM L­
glutamine, 0, 1 nM 3,3',5-Triiodo-L-thyronine, ITS™ Premix: 1, 15 µM: 6,65 µg/ml 
insulin, 6,65 µg/ml Transferrin, 6,65 ng/ml selenious acid, 1 % Bovine serum 
albumin* and 2.8 mM Sodium puryvate. *BSA replacements do not work (pretest 
result, not reported here). 
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Exposure medium for test items (Suramin and D-Mannitol) and VG/tubule control 
was VAM stimulation medium (SOP/M/0070-2.0). VAM stimulation medium 
contained VAM solution (see previous chapter) supplemented with 200 µg/ml 
Ascorbic acid, 0,5 µg/ml Heparin, 2 µg/ml Hydrocortisone, 2 ng/ml VEGF and 0.2 
ng/ml FGF-13) 

7 .1.2. Culture of hASC and HUVEC cells 

Two hASC ampoules (0.5x106 cells/ml/ampoule) were thawed and cell cultures 
were prepared according to SOP/M/0072-6.0 Chapter 4.2. hASC cells were 
cultured in 10 ml of hASC cell culture medium in 75 cm2 cell culture flasks in a cell 
culture incubator at +37 °C, 5 % CO2, humidified air for 4 days prior to plating into 
48-well plates.

HUVECs (1 ampoule containing 0.5x106 cells/ml) were thawed and cell cultures 
were prepared according to SOP/M/0072-6.0 Chapter 4.3. HUVEC cells were 
cultured (separately from hASC cells) in 10 ml of HUVEC cell culture medium in 75 
cm2 cell culture flasks in a cell culture incubator at +37 °C, 5 % CO2, humidified air 
for 3 days prior to plating into 48-well plates with hASC cells. 

On Day -1, co-culture of hASC and HUVEC cells were prepared as instructed in 
SOP/M/0072-6.0 Chapter 4.4. First, hASCs were seeded at a density of 20 000 
cells/cm2, 22 000 cells/ 48-multiwell plate well in HUVEC cell culture medium, then 
after 1-4 hours, HUVECs were seeded on top of hASCs. HUVEC cell density was 
4 000 cells/cm2, 4400 cells/ 48-multiwell plate well. The cells were let to attach 
overnight in an incubator at +37 °C, 5 % CO2, humidified air before the exposure 
started. 

Four 48-well plates were prepared (one for tubule formation assay, one for 
cytotoxicity assay for both Suramin and D-Mannitol) 

7.2. Preparation of stocks and dilutions from test items 

The stocks and dilution series were always prepared freshly on the day of use, i.e. 
for Exposure 1 on Day 0, and for Exposure 2 on Day 3. Weighing was performed 
beforehand. 

A 2 mM Suramin stock (2.858 mg/ml) was prepared in VAM stimulation solution, 
and then dilution series in VAM stimulation solution using 2.15 as dilution factor 
(see Table Ill and IV). Each Suramin concentration was tested in three replicates. 

Table Ill. Preparation 2 mM Suramin stocks in VAM stimulation solution. 
Test 1 SUR Test 2 SUR Test 3 SUR Test4 SUR Test 5 SUR 

Suramin stock Weighed/Disso Weighed/Dissol Weighed/Dissol Weighed/Dissol Weighed/Dissol 
(2.858 ma/ml) lution volume ution volume ution volume ution volume ution volume 

1.exposure 29.41 mg/ 28.78 mg/ 29.18mg/ 29.61 mg/ 28.71 mg/ 
10.29 ml 10.07 ml 10.210 ml 10.360 ml 10.045 ml 

2.exposure 28.70 mg/ 28.94 mg/ 29.05 mg/ 28.97 mg/ 28.82 mg/ 
10.04 ml 10.13 ml 10.164 ml 10.136 ml 10.084 ml 

Table IV. Preparation of Suramin dilution series in VAM stimulation solution. 
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Tube Suramin µI VAM-stimulation solution Final concentration in 

µI exposure mM 

1 stock -
2 

2 4000t 4600 0.93 

3 4000t 4600 0.43 

4 4000t 4600 0.20 

5 4000t 4600 0.094 

6 4000t 4600 0.044 

7 4000t 4600 0.020 

8 4000 4600 0.0094 

A 10 mM D-Mannitol stock (1.82 mg/ml) was prepared in VAM stimulation solution, 
and then dilution series in VAM stimulation solution using 3.16 as dilution factor 
(see Table V and VI). Each D-Mannitol concentration was tested in three parallels. 

Table V. Preparation 10 mM D-Mannitol stocks in VAM stimulation solution 

Test 1 SUR Test2 SUR Test 3 SUR Test4 SUR Tests SUR 

D-Mannitol Weighed/Disso Weighed/Dissol Weighed/Dissol Weighed/Dissol Weighed/Dissol 
(1.82 mg/ml) lution volume ution volume ution volume ution volume ution volume 

1.exposure 19.01 mg/ 19.46 mg/ 18.76 mg/ 18.71 mg/ 18.82 mg/ 
10.45 ml 10.69 ml 10.308 ml 10.280 ml 10.341 ml 

2.exposure 18.94 mg/ 19.09 mg/ 18.84 mg/ 18.74 mg/ 18.57 mg/ 
10.41 ml 10.49 ml 10.352 ml 10.297 ml 10.203 ml 

Table VI. Preparation of D-Mannitol dilution series in VAM stimulation solution. 

Tube D-Mannitol µI VAM-stimulation solution Final concentration in 

µI exposure mM 

1 stock - 10.00 

2 2000-J, 4320 3.16 

3 2000-J, 4320 1.00 

4 2000-J, 4320 0.317 

5 2ooot 4320 0.100 

6 2000-J, 4320 0.0317 

7 2000-J, 4320 0.0100 

8 2000 4320 0.00318 

7.3. Exposures 

The exposures were performed according to SOP/M/0072-6.0 Chapter 4.6. 
The plate layout shown in Figure 1 was used. 
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Figure 1. Plate layout for exposure. 
Cl-CS test item concentrations: Cl highest, CS lowest concentration 
VC: vehicle control = V AM stimulation solution 
L TC: low tubule control = V AM solution 
PC 0.2 mM Suramin 

15(26) 

On Day 0, the cells were exposed to test items, low tubule controls and 
vehicle/tubule controls and positive control using three replicate wells, 500 µI /well. 
(Exposure 1). 

The HUVEC cell culture medium was removed from the wells with cocultures using 
Pasteur pipettes connected to a suction pump, 3 wells at a time. The order of 
pipetting was: L TC controls, VC controls, then test items starting from the lowest 
concentration to the highest concentration. Positive controls were pipetted at the 
end. The total pipetting time (during which cells were exposed to room air) was 
maximally 12 minutes. 

On Day 3 the exposure was repeated (Exposure 2) using freshly prepared test item 
solutions and controls. 

The cell exposure lasted in a cell culture incubator at +37 ·c, 5 % CO2, humidified 
air till Day 6 after which NRU cytotoxicity assay (7.4) and immunocytochemical 
staining (7.5) were performed. 

7.4. Cytotoxicity test (NRU assay) 

On Day 6, the cytotoxicity assay (NRU assay) was performed according to 
SOP/M/0072-6.0, Chapter 4.7. to one 48-well plate with Suramin and one 48-well 
plate with D-Mannitol. 

Before starting the NRU assay, each plate was examined with a phase contrast 
microscope to identify systemic cell seeding errors. After microscoping, the 
exposure medium was removed from the wells by dumping and blotting the plate 
carefully on tissue. The wells were washed with DPBS (500 µI/well) and D-PBS 
was removed. NR working solution (50 µg/ml neutral red in VAM solution) was 

added to all wells. The well plates were incubated at +37° C, 5% CO2 for ~2.0 hrs. 
After incubation, the NR working solution was removed and the washing was 
repeated with DPBS (500 µI/well). 250 µI of NR desorption solution (49 parts water, 
50 parts ethanol, 1 part acetic acid, freshly prepared) was added to all wells. The 
plate was shaken for about 30 minutes on a microtiter plate shaker (protected from 
light). The plate was kept still for about 5 minutes after removing from the shaker. 
The absorption was measured at 540 nm (ABSs40). The absorbance data (i.e., 
original data) was printed out, and also saved electronically for subsequent 
analysis. 

7.5. lmmunocytochemica/ staining 

On Day 6, the immunocytochemical staining was performed to the second 48-well 
plates with Suramin and D-Mannitol according to SOP/M/0072-6.0, Chapter 4.8. 
Tubules were stained against specific endothelial cell marker von Willebrand 
Factor (vWF), collagen IV was not used. 
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First, the cell cultures were washed twice with of DPBS (500 µI/well) and then fixed 
with ice-cold 70% ethanol for 20 min. After two washings, the second DPBS was 
left in the wells and staining was continued next day. The next phases were 
permeabilization with 0.5% Triton X-100 (120 µI/well) for 15 min followed by two 
washings and blocking with Vector animal-free blocking agent (120 µI/well) for 30 
min. Blocking agent was removed and without washing, primary antibody solution 
against von Willebrand factor (1:100 dilution, 120 µI/well) was pipetted to the wells 
and incubated overnight. Next day, after two washings, secondary antibody (anti­
rabbit Alexa Fluor 568, 1 :400 dilution, 120 µI/well) was incubated for 45 min. Again, 
two washings were performed, and DPBS was left in the wells. The vascular 
(tubule) structures were photographed directly from the 48 multiwell plates using 
inverted microscope (see 7.6). 

7.6. Imaging of tubules 

The imaging of immunostained tubules was performed according to SOP/M/0072-
6.0, Chapter 4.9. Images of the multiwell plates were taken using Nikon Ti-S 
inverted fluorescence microscope. 

Appropriate excitation and emission wavelength for Alexa 568 nm was used. From 
each well, 5x5 image grids were taken using 1 Ox objective and 200 ms exposure 
time. The quality of the images was inspected after imaging. 

The tiff images were the raw data. In the AngioTool analysis of tubule formation, 
merged images 2500x2500 px 8-bit were used after converting them to jpeg format. 

7. 7. Validation of Excel calculation templates

Microsoft Excel® (Excel) calculation templates, i.e. SOP/M/0072-6.0, Appendix 9 
(for calculating NRU cytotoxicity results) and Appendix 12 (for calculating tubule 
formation results) with respective model data (Appendix 10 and Appendix 13, and 
model result (Appendix 11 and 14) were validated before they were used in the 
calculation of the results. The template validation was performed according to 
SOP/S/0001-8.0. 

The sample size ✓n+1 for the template validation was used. Hence, all operations 

and calculations of ✓36+1 =7 wells2 from the 48-well plate were verified. The 7 wells 
were randomly chosen eg. using Excel's random generator 7* 
[=RANDBETWEEN(1;36)]. The correct model data, either cytotoxicity or tubule 
inhibition data, was pasted to the respective template. Then data transfers and 
calculation formulas of the chosen wells were verified. 

Correspondence of the results calculated by the templates with the model result of 
Appendix 11 (NRU cytotoxicity assay) or Appendix 14 (tubule formation) was 
checked. 

2Each value on the template represent one well in the 48-well plate. Only 36 wells are in use in the 
48-well plate.
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7.8. Validation of the analysis software AngioTool 

The software validated for the analysis of tubule structures is AngioTool, is 
developed by US National Cancer Institute. The software detects vascular 
structures from fluorescence images. 

In the validation, the correct performance of AngioTool analysis was verified. The 
images from VM0019 Test1 SUR and VM0019 Test1 MAN were used in the 
verification. The analysis software was used as instructed in the SOP/M/0072-6.0. 
Chapter 6.3. 

First, the correct recognition of tubules by AngioTool was ensured by eye (so that 
the software drew the lines on the tubule structures correctly). Thereafter, the 
analysis of tubule length by the software was compared to manual classification of 
the same images. Manual classification was performed according to Appendix 2 of 
the validation study plan. 

7.9. Analysis of results 

The analysis of the NRU cytotoxicity results was performed using the validated 
excel calculation template according to SOP/M/0072-6.0 Chapter 6.2. The results 
from multimode reader were pasted to the designated areas in the calculation 
template and study specific info was filled in. The template automatically calculated 
the results giving the mean, stdev and N of each test item dilutions and controls. 
The results were normalized so that the vehicle control was set as 100 and all other 
treatments were calculated against it. 

Tubule images were analyzed using AngioTool according to SOP/M/0072-6.0 
Chapter 6.3. The von Willebrand factor - stained images were opened one at a 
time, vessel diameter and intensity was adjusted when necessary. Von Willebrand 
factor stains endothelial cells even though they have not formed tubules. Usually, 
a large number of single cells or unspecific structures (clusters of cells) were 
detected in the background especially in highest concentrations of Suramin and in 
low tubule controls. These were removed by visually choosing appropriate values 
for vessel diameter and intensity. 

The results of the tubule analysis were saved in an excel file by the AngioTool 
software. The analysed images were saved in folder VM0019, and its treatment­
specific sub-folders: VM0019-Test1-SUR, VM0019-Test1-MAN, VM0019-Test2-
SUR, VM0019-Test2-MAN, VM0019-Test3-SUR, VM0019-TEST3-MAN, VM0019-
Test4-SUR, VM0019-Test4-MAN, VM0019-Test5-SUR, VM0019-Test5-MAN. The 
excel file created by AngioTool was opened and contents from Image Name and 
Total Vessels Length columns were pasted to the Calculation template for tubule 
formation assay (Appendix 12 in SOP/M/0072-6.0). Unusable wells were 
determined and excluded from the data analysis (e.g. when tubule structures were 
fully or > 1/3 detached). Again, the template automatically calculated the results 
giving the mean, stdev and N of each test item dilutions and controls. 
The results were normalized so that the vehicle control was set as 100 and all other 
treatments were calculated against it. 

The normalized data from both NRU and tubule formation analyses was 
transported from Excel to GraphPad Prism 9 for drawing of dose response curves 

Validation Study Report 



FHAIVE VM0019 18(26) 

and calculating ICso values. Sigmoidal, 4PL, X is log(concentration) equation was 
used in ICso calculations. ICso values could not be calculated from the D-Mannitol 
results because there was no such inhibition that could be used in the calculations. 
The 20% cytotoxicity and 30% tubule inhibition values were interpolated from dose 
response curves by GraphPad Prism. These results were used for classifications 
of test items and evaluation the specificity of the result (see Interpretation of results) 

For repeatability evaluation, a comparison of loglC50s of dose response curves of 
individual repeats was performed with ANOVA Using GraphPad Prism software. 
The analysis used was ordinary One-way ANOVA assuming equal SDs where 
Mean was loglCso, SEM was Sy.X and N was Degrees of Freedom +1 obtained 
from ICso analysis results. 

The analysis could not be performed for D-Mannitol because D-Mannitol did not 
show inhibitory effect on tubule formation with loglC50s. 

Interpretation of results 

Test item was classified a specific inhibitor of vascular formation if it inhibited tubule 
formation at least 30% at lower than 20% cytotoxicity concentrations. If > 30% 
inhibition of tubule formation appeared with > 20% cytotoxicity, it was considered 
cytotoxicity-related, not specific. 

If there was no inhibition of tubule formation the test item was classified as non­
inhibitor of vascular formation. 

8. DATA INTEGRITY

It was verified that the data from the plate reader was transferred correctly to the 
Excel files (by visually comparing the data sets). It was also verified that the data 
from Excel files was transferred to GraphPad Prism correctly (by visually 
comparing the data sets). 

9. RESULTS

The tubule formation results calculated with excel templates are shown in Tables 
VII and VIII and NRU cytotoxicity results in Tables IX and X. 

In tubule formation tests, Suramin showed an inhibitory effect. The results for D­
Mannitol did not show any inhibition of tubule formation. Either test item was highly 
cytotoxic. 

Table VII Tubule formation analysed after 6-day Suramin exposure from immunostained tubules 

mM SUR-Test1 SUR-Test2 SUR-Test3 SUR-Test4 SUR-Tests SUR-Manual 

Mean SD N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD 

0,000 100 8,05 4 100,00 11,00 5 100 7,45 3 100 13,28 6 100,00 8,61 6 100 15,31 

0,0094 91,42 16,39 3 99,12 7,03 2 0 108,73 17,32 3 110,20 7,80 2 112,50 0,00 

0,02 96,96 3,59 3 102,63 22,54 3 104,12 NA 1 105,65 18,71 3 107,39 8,53 2 112,50 0,00 

0,044 90,69 18,79 3 105,07 1,90 3 111,82 5,96 3 107,06 4,56 3 127,87 4,49 3 112,50 0,00 

0,094 97,3 7,60 3 111,80 9,32 3 109,54 16,98 3 94,8 4,49 3 107,74 7,91 3 106,25 10,83 

0,2 62,42 14,85 3 75,45 3,35 3 79,71 13,04 3 65,52 18,42 3 67,14 14,93 3 75,00 18,75 
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0,43 20,38 3,90 3 19,26 1,17 3 18,9 7,90 3 14,44 6,56 3 14,54 6,99 3 31,25 10,83 3 

0,93 25,26 1,68 3 35,53 13,35 3 20,07 7,58 3 11,13 0,57 3 29,00 10,30 3 25,00 10,83 3 

2 9,03 1,85 3 12,41 3,48 3 6,21 4,27 3 6,90 2,78 3 9,10 2,52 3 18,75 0,00 3 

Table VIII Tubule formation analysed after 6-day Mannitol exposure from immunostained tubules 

mM MAN-Testl MAN-Test2 MAN-Test3 MAN-Test4 MAN-Tests MAN-Manual 

MEAN SD N MEAN SD N MEAN SD N MEAN SD N MEAN SD N MEAN SD 

0,000 100 16,79 6 100 13,28 5 100 15,91 6 100 15,51 6 100 2,83 4 100 15,21 

0,00318 100,74 2,75 2 108,15 5,79 2 111,46 NA 1 115,28 2,19 2 107,79 NA 1 109,09 0,00 

0,01 112,72 25,08 2 102,54 10,77 2 81,60 NA 1 93,19 12,80 3 101,88 4,50 2 103,03 10,50 

0,0317 105,74 24,26 2 102,12 NA 1 102,60 3,94 3 115,97 3,59 3 110,7 12,13 2 109,09 0,00 

0,1 111,91 20,48 2 120,77 NA 1 100,93 25,2 2 100,9 26,30 2 96,26 NA 1 103,03 10,50 

0,317 97,91 18,22 3 103,29 NA 1 110,95 2,66 2 125,86 11,02 3 91,75 NA 1 109,09 0,00 

1 109,11 14,34 3 121,77 NA 1 90,69 9,79 2 107,05 20,83 3 88,87 NA 1 103,03 10,50 

3,17 109,92 23,30 3 108,40 9,62 3 115,16 8,39 3 123,08 3,69 3 105,94 9,46 3 109,09 0,00 

10 107,04 20,10 2 100,80 NA 1 103,11 13,06 3 96,43 34,59 2 99,14 12,23 2 96,97 20,99 

Table IX Cytotoxicity of Sura min after 6-day exposure measured with NRU assay 

mM SUR-Testl SUR-Test2 SUR-Test3 SUR-Test4 SUR-Tests 

MEAN SD N MEAN SD N MEAN SD N MEAN SD N MEAN SD N 

0,000 100 9,98 6 100 3,44 6 100 7,59 6 100 8,98 6 100 3,37 6 

0,0094 110,52 10,94 3 109,67 4,19 3 108,81 0,64 3 109,9 3,18 3 108,21 6,67 3 

0,02 115,60 8,43 3 117,53 6,69 3 118,23 4,10 3 111,01 9,50 3 118,52 11,35 3 

0,044 133,88 8,60 3 130,07 6,70 3 130,92 3,19 3 126,62 8,09 3 133,99 6,42 3 

0,094 145,7 6,44 3 148,68 3,48 3 155,92 11,28 3 139,72 9,86 3 146,64 9,96 3 

0,2 175,44 20,14 3 167,94 6,00 3 179,47 6,40 3 162,80 23,49 3 161,14 5,98 3 

0,43 154,35 0,58 3 175,59 8,39 3 171,77 0,50 3 163,90 4,69 3 188,37 6,90 3 

0,93 79,73 7,38 3 97,57 16,08 3 92,22 16,77 3 92,71 5,32 3 94,88 6,94 3 

2 64,30 3,92 3 65,70 6,27 3 44,84 39,4 3 91,12 13,39 3 97,85 8,46 3 

Table X Cytotoxicity of D-Mannitol after 6-day exposure measured with NRU assay 

mM MAN-Testl MAN-Test2 MAN-Test3 MAN-Test4 MAN-Tests 

MEAN SD N MEAN SD N MEAN SD N MEAN SD N MEAN SD N 

0,000 100 10,41 6 100 4,49 6 100 4,05 6 100 5,96 6 100 6,86 6 

0,00318 92,49 0,81 3 98,79 6,88 3 101,47 8,60 3 98,35 3,63 3 97,38 3,65 3 

0,01 92,48 11,15 3 98,95 5 3 99,60 3,16 3 99,20 35,91 3 104,05 5,66 3 

0,0317 94,44 2,69 3 96,85 4,12 3 97,90 4,23 3 99,95 8,67 3 97,83 3,29 3 

0,1 91,17 6,87 3 96,24 4,8 3 94,02 2,23 3 98,92 5,46 2 96,99 3,34 3 

0,317 94,22 6,47 3 95,84 1,53 3 100,06 6,22 3 99,64 5,2 3 103,44 1,81 3 

1 93,18 8,55 3 97,85 2,57 3 97,90 3,72 3 115,95 20,31 3 101,02 5,86 3 

3,17 92,69 2,36 3 101,81 1,35 3 103,37 3,79 3 113,01 6,16 3 101,54 2,65 3 

10 81,25 17,21 3 132,77 26,2 3 113,31 31,25 3 112 15,52 3 103,33 8,20 3 

Dose response curves drawn for tubule formation assay by GraphPad Prism are 
shown in Figures 2 and 3. Suramin (Fig.2) showed a clear sigmoidal dose 
response, while D-Mannitol (Fig.3) did not show any such effect. 
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Figure 2. Dose response curves of tubule formation tests after 6-day exposure to Su ram in. 
Manual means visual evaluation during AngioTool validation. 

150 

e 
- 100C: 
0 

0 
"2ft. 50 

D-MANNITOL

Tubule formation test 

0 -t-.,..,.,'Tfflll--,-TTTTrm-.,..,.,-nmr-,-n-mmr-rnnmr-,-rT'lfflll 

0.0001 0.001 0.01 0.1 

mM 

1 10 100 

-e- MAN-T est1

-11- MAN-T est2 

-+- MAN-T est3 

MAN-Test4 

-s- MAN-T est5

-Ir MAN-Manual 

Figure 3. Dose response curves of tubule formation tests after 6-day exposure to D­
Mannitol. Manual means visual evaluation during AngioTool validation. 

GraphPad ICso analysis of NRU cytotoxicity measurements with neutral red uptake 
assay with Suramin showed first a strong hormesis-like effect in lower than 0.43 
mM concentrations, thereafter a rapid decline in viability (see Figure 4). Suramin is 
washed out before neutral red incubation starts, therefore the result is not due to 
direct interaction with Suramin. 

D-Mannitol was not generally cytotoxic, but the highest 10 mM concentration was
diverging (see Figure 5).
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Figure 4. NRU cytotoxicity dose response curves after 6-day exposure to Suramin 
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Figure 5. NRU cytotoxicity dose response curves after 6-day exposure to D-Mannitol 

ICso values of Suramin calculated with GraphPad Prism are shown in Table XI. 
For D-mannitol no ICso could be calculated. 
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Table XI. ICso calculation of Suramin using Sigmoidal, 4PL, X is log(concentration) equation 
(GraphPad Prism) 

22(26) 

SUR-Test1 SUR-Test2 SUR-Test3 SUR-Test4 SUR-Tests SUR-Manual 

LoglCS0 -0,6744 -0,6832 -0,6179 -0,6547 -0,6959 -0,6349

ICS0: mM 0,2116 0,2074 0,2411 0,2215 0,2014 0,2318

R squared (Goodness 
of fit) 0,9277 0,9200 0,9549 0,9383 0,9299 0,9271 

Interpolated values for 30% tubule inhibition and 20% cytotoxicity in tests using 
Suramin are shown in Table XII. The test item Suramin was classified as specific 
inhibitor of tubule formation because > 30% tubule inhibition appeared at < 20% 
cytotoxicity concentrations (as defined in the criteria). In tests 4 and 5 cytotoxicity 
did not reach 20 %. 
D-Mannitol was classified as non-inhibitor of vascular (tubule) formation because
there was no tubule inhibition and no cytotoxicity.

Table XII. Interpolated values (by GraphPad Prism 9) for 30% tubule inhibition and 20% 
cytotoxicity and classification of test item Su ram in. 

mM 
(Interpolated) SUR-Test1 SUR-Test2 SUR-Test3 SUR-Test4 SUR-Tests 
30% tubule inhibition 

20% cytotoxicity 
0,186 0,202 0,221 0,185 0,199 
0.930 0.931 0.944 

Classification* Inhibitor Inhibitor Inhibitor Inhibitor Inhibitor 
Criterion Passed Passed Passed Passed Passed 

*Test item is classified a specific inhibitor

10. ASSESSMENT OF THE PERFORMANCENALIDITY OF

THE TEST METHOD 

10.1. Technical validity 

The tests were technically accepted since following criteria were met: 
• Vehicle/tubule controls: there was intense tubule network present in VC

cultures in all tests

• Low tubule controls: there were less or no tubules present compared to VC
controls in all tests

• The coefficiency of variation (%CV) of VC samples was always <18%. See
results in Table XIV

Table XIV. Coefficient of variation (CV%) of VC samples in tests 1-5 

Suramin Test 1 Test 2 Test3 Test4 Test5 
TF 8.05 11.00 7.45 13.28 8.61 
NRU 9.98 3.44 7.59 8.98 3.37 

Mannitol Test 1 Test 2 Test3 Test4 Test5 

TF 16.79 13.28 15.91 15.51 2.83 
NRU 10.41 4.49 4.05 5.96 6.86 
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• In every multiwell plate there were three positive control wells (PC; 0.2 mM
Suramin). Tubule formation compared to VC controls in positive controls
ranged from 32.95 - 53.93% in a concentration area that was not cytotoxic.
This is >30% inhibition which fulfills the acceptance criterium in the SOP.

10.2. Acceptance criteria for the test items 

Criteria for reliability (relevance) and repeatability were met as follows (see also 
Table XII): 

Relevance: 
1. The classification of Suramin: Suramin was classified as an Inhibitor of

tubule formation in all five tests ( criterion was passed)
2. The classification of O-Mannitol: O-mannitol was classified as a non­

Inhibitor of tubule formation in all five tests (criterion was passed)

Repeatability 

1. The tests were repeatable. In the five tubule formation analyses using
Suramin, repeats did not differ statistically (p>0.05) from each other, the p
value was >0.999. In the analysis, the loglC50s of dose response curves
were compared using one-way ANOVA (see Table XV). O-Mannitol had
no loglC50s to enable analysis, but it showed repeatably no inhibition of
tubule formation.

Table XV. One-way ANOVA analysis of loglC50s of Suramin of Tests 1-5 and manual analysis. 
The analysis used was ordinary One-way ANOVA assuming equal SDs. The mean was loglCso, 
SEM was Sy.X and N was Degrees of Freedom +1 obtained from ICso analysis results. Graph Pad 
Prism 9 software was used. 

Values used in the analysis: 

Test1-SUR Test2-SUR Test3-SUR Test4-SUR Test5-SUR SUR-MANUAL 
MEAN SEM N MEAN SEM N MEAN SEM N MEAN SEM N MEAN SEM N MEAN SEM N 

-0,6744 10,59 25 -0,6832 11,72 25 -0,6179 10,33 19 -0,6547 11,35 27 -0,6959 12,31 25 -0,6349 11,12 27

Analysis results: 

LOglC50 ANOVA 
Table Analyzed SUR 

Data sets analyzed A-F

ANOVA summary 

F 6,375e-006 

P value >0,9999

P value summary ns 

Significant diff. among means (P < 0.05)? No 

R squared 2,245e-007 

Brown-Forsythe test 

F (DFn, DFd) 

P value 

P value summary 

Are SDs significantly different (P < 0.05)? 

Bartlett's test 

Bartlett's statistic (corrected) 
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P value 0,8032 

P value summary ns 

Are SDs significantly different (P < 0.05)? No 

24(26) 

ANOVA table ss 

0,1020 

454359 

454359 

DF MS F (DFn, DFd) P value 

Treatment (between columns) 

Residual (within columns) 

Total 

Data summary 

Number of treatments (columns) 

Number of values (total) 

6 

148 

F (5, 142) = 6,375e-
5 0,02040 006 P>0,9999 

142 

147 

3200 

10.3. Acceptance of the Microsoft Excel templates 

Microsoft Excel templates were accepted: 
1) Data transfers performed by the template were correct (checked visually)
2) Calculations performed by the template were correct (formulas were correct)
Note! In the calculation template for tubule formation the row titles (rows 78, 89)
were in reverse order which was corrected.

10.4. Acceptance criteria for the AngioTool software 

The acceptance criteria for AngioTool software were fulfilled: 
1) The vascular structures were recognized correctly by the software as shown by
the lines drawn by the software on the tubule structures (checked visually)
2) ) Manual reading of tubule structure and AngioTool software analysis of tubule
length correlated: The images that got the highest value in manual reading got the
highest value also in AngioTool analysis and the images that got the lowest value
in manual reading got the lowest value also in AngioTool analysis (see tables VII
and VIII).
Also, the dose response comparison of loglC50s revealed that manual analysis did
not differ statistically from automated analysis. Note! In manual reading also partly
detached areas could be evaluated.
3) The classification of Suramin was inhibitory effect, and the classification of D­
Mannitol was non-inhibitory effect in both AngioTool software analysis and manual
reading.

11. AMENDMENTS

There were no amendments to the validation study plan. 

12. DEVIATIONS

There was one deviation from the validation study plan. In the definition of the 
study, word "disruptors" was changed to "signalling". "A joint EURL ECVAM -
coordinated validation of in vitro methods for detecting of modulators of thyroid 
hormone disruptors Sc (Part 1) and FHAIVE's in-house follow-up validation of the 
test method" reads now "A joint EURL ECVAM -coordinated validation of in vitro 
methods for detecting of modulators of thyroid hormone signalling Sc (Part 1) and 
FHAIVE's in-house follow-up validation of the test method". This change has no 
effect on the outcome of the validation. 
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13. DOCUMENTATION

This validation report provides a true and complete record of the data generated. 
The validation study was conducted according to the validation study plan. There 
was one deviation that did not affect the results. 

14. IMPLEMENTATION OF THE TEST/CONCLUSIONS

The vasculogenesis/angiogenesis test method validation passed the technical, 
relevance and repeatability criteria. Positive test item Suramin was classified as 
an inhibitor of vascular formation and the negative test item D-Mannitol was 
classified as a non-inhibitor of vascular formation in all five tests performed. The 
test method can be implemented as soon as the relevant SOP/M/0072 is 
updated. 

Suggested SOP update includes corrected calculation template 12 for Calculation 
of tubule formation results (the order of concentrations needs to be reversed) 
update of Appendix 5 (Appendix is now not practical for two exposures; 
microscopical inspection section can be modified afterwards, it should be locked 
after inspection), Appendix 3 should be corrected to chronological order. 

Additionally, low tubule controls (L TC) are not used in the calculations and do not 
add value to the results. On the contrary, cultures tend to detach easily and are 
difficult for automatic analysis. L TC is proposed to be removed from the SOP. 

Detachment of cell structures from the bottom of wells was a concern (at the 
worst case 36% of the wells had to be rejected). A criterion for acceptance will be 
added to SOP/M/0072. 

15. DISTRIBUTION OF THE VALIDATION STUDY REPORT

Copies of Validation Study Report will be distributed to the QA and EURL ECVAM. 
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