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Helix3Helix3 Case Studies
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• Statistically significant increases

•  Dose-related response

• No histopath findings

• “Hedgehog” increase with dose

• Reproducible in repeat study

• Vehicle within HCD range
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Helix3Helix3 Concerns
• Mean control %Tail values <1%

• Liver values = GI tract values

• HCD range with >100-fold difference between
min and max values

• Overlapping negative and positive control HCD 
ranges

• TA “hedgehogs” ≥ EMS “hedgehogs”

• Extreme fold-increase detected in positive control
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Helix3Helix3 Repeat Studies at Helix3
• No increase at any dose

•  No dose-related response

• No histopath findings

• No “ghost” increase

• Vehicle within HCD range

• ≥ Plasma concentrations
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Helix3Helix3 Helix3 Differences
• Mean control %Tail values >5%

• Liver values < GI tract values

• HCD range with ≤3-fold difference 
between min and max values for all 
tissues (n=18)

• No overlap between negative and 
positive control HCD ranges
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Helix3Helix3 Sample Coding

Other Labs
• Obvious animal and sample 

codes (e.g., 00-99=control, 
100-199=group 1, 200-299= 
group 2, etc.) are used

• Potential procedural bias

Helix3
• Random animal and sample 

codes are used throughout study

• Avoids procedural bias



Helix3Helix3 Dosing / Sample Collections

Helix3
• Dose groups rotated

• Timing consistent between 
animals

• Samples collected and 
processed in <10 min after 
exsanguination

Other Labs
• Dosing and processing 

conducted in order by dose

• Less control of timing



Helix3Helix3 Dosing / Sample Collections

Plotted by dose
No dose response

Plotted by order of processing
Dose response

Dosing / Processing Order:  High dose, Control, Low dose, Mid dose



Helix3Helix3 Slide Preparations
Helix3

• Relative Humidity is maintained 
at 30-50%

• Higher RH (≥60%, Summer) 
decreases LMP concentration 
and DNA migration levels*

• Lower RH (≤20%, Winter) 
increases LMP concentration 
and DNA migration levels*

Other Labs
• No record or control of RH

• Evidence of seasonal influence 
on results

*Vasquez, M.Z. (2010) Combining the in vivo comet and micronucleus assays: a practical approach to genotoxicity testing and data interpretation. Mutagenesis, 25,187–199

  Vasquez, M.Z. and Frötschl, R. (2016) The In Vivo Comet Assay Test. In: Proudlock R, editor. Genetic Toxicology Testing: A Laboratory Manual. Academic Press. pp. 345–382



Helix3Helix3 Slide Preparations

Helix3
• Slides randomized with samples 

balanced across gel boxes

• Constant Voltage

• Starting current (300±10 mA) 
ensures consistency between 
same size gel boxes with slight 
volume variations*

• Current changes during run  to 
prevent damage to power supply 
as conductivity of buffer 
changes*

*Vasquez, M.Z. and Frötschl, R. (2016) The In Vivo Comet Assay Test. In: Proudlock R, editor. Genetic Toxicology Testing: A Laboratory Manual. Academic Press. pp. 345–382



Helix3Helix3 Scoring

Helix3

• Andor (a.k.a. Kinetic) KometGLP

• “Ghosts” determined and excluded by 
image analysis system during scoring

Other Lab

• Instem (a.k.a. Perceptives) Comet IV

• “Hedgehogs” determined manually by 
technician before image analysis scoring 
and subjectively excluded during scoring



Helix3Helix3

Hedgehog Definitions
Helix3 Other Lab

No discernible or accurate 
detection of head “high” tail migration

Image from:  Vasquez, M.Z. and Frötschl, R. (2016) The In 

Vivo Comet Assay Test. In: Proudlock R, editor. Genetic 

Toxicology Testing: A Laboratory Manual. Academic Press. 
pp. 345–382



Helix3Helix3

Measurements

Other Lab

• ~ 30% cells in vehicle control group with 0% Tail

• Measurable tail length when 0% Tail

• Extremely low values  despite actively dividing 
and heterogeneous cell population in tissue

• GI tract %Tail  ≤ Liver %Tail

• Caused by camera settings/sensitivity, and/or 
selective scoring?

Duodenum



Helix3Helix3

Measurements
Helix3 

• Zero cells in vehicle control group with 0% Tail

• ≤0.5% of total study comets (n=13500) scored = 0% Tail

• Tail measured from edge of head giving zero tail length 
when 0% Tail

• GI Tract %Tail > Liver %Tail

Duodenum



Helix3Helix3

Normal Cell Population 
Heterogeneity

• Untreated whole blood leukocytes
(non-dividing cell population)

• ~7% Tail even in low migration cells 

• %Tail range from 6.68-57.51 in 
same cell population



Helix3Helix3 Statistical Analysis
• Animal means of slide medians; Group mean of means (mean of medians) presented*

• Helix3 replicated the same statistical method of original lab (e.g., log transformations, 

specific tests).  

• *Helix3 results the same for mean of medians vs. mean of means
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Regulatory Decisions

In all three case studies:

• The concerns regarding the quality of the previous study data and its potential 

susceptibility to statistical artifacts appeared to be confirmed by the negative results 

generated when technical variations were more carefully controlled

• Regulators accepted the Helix3 negative results over the previous positive results 

• The FDA specifically inspected the Helix3 studies and reported no findings

• The test compounds were progressed to clinical trials with at least one progressing to 

Phase III



Helix3Helix3

Case Study 4

2-fold 
decrease

2-fold 
increase

• Ames negative; Chrom Ab positive compound

• Inhalation study in rats

• Standard processing and electrophoresis

• Statistically significant and dose related decrease in %Tail 
and %LMW

• Unusually high image intensities noted in high dose slides

• Persistent trend with PK slide treatment

• Evidence of significant hyperplasia and metaplasia in lung

• Conclusion:  Positive for DNA-DNA crosslink induction in 
lung similar to ames negative monocrotaline pyrrole 
(Wagner et al. 1993)Cisplatin Dose Response 

Image from:  Vasquez, M.Z. and Frötschl, R. (2016) The In Vivo Comet Assay Test. In: Proudlock R, editor. 
Genetic Toxicology Testing: A Laboratory Manual. Academic Press. pp. 345–382



Helix3Helix3 Conclusions

1. Methodical bias can increase the risk of false positive results

2. To minimize methodical bias:

a. Animals and samples/slides should be coded throughout processing

b. Doses should be administered and samples processed in a rotating and 
balanced manner (vs in order by dose group)

c. Dosing and sample collection timing should be maintained consistent 
between animals

d. Environmental conditions (%RH) during slide preparations should be 
recorded and maintained consistent



Helix3Helix3 Conclusions

3. “Hedgehogs” or “ghosts” 

a. Are just cells with high levels of DNA damage and NOT indicative of 
cytotoxicity (Vasquez 2010, 2012, 2016; Hartmann et al. 2007; Collins et al. 
2008; Morley et al., 2006; Meintieres et al., 2003)

b. May only be indicative of Image analysis (IA) system/setting sensitivity

c. Should be determined by IA system exclusions during scoring to minimize 
subjective cell exclusions and possible scoring bias



Helix3Helix3

Conclusions
4. Emphasis on HCD should be modified to:

a. Eliminate HCD requirement for proof of proficiency with every tissue, species, strain, 

etc. to comply with 3Rs  

b. Eliminate use of HCD to qualify results and instead rely on concurrent control data to 

demonstrate sensitivity and interpret results

c. Use HCD to identify possible poor control over technical variations (e.g., 100-fold 

difference between min and max values for similar vehicles/study designs)

d. Use HCD to determine when comet may be inappropriate for evaluating a certain tissue 

with a specific vehicle and route(e.g., high background level in GI tract tissue caused by 

corrosive vehicle administered orally)



Helix3Helix3 Additional Concerns

1. Background levels close to zero (0-2%) with low variability (±0.01 to 0.1 SD) 
likely increase the risk of statistical artifacts and the false positives while 
eliminating the ability to detect crosslinks

2. ≥20-fold increases in the positive control biases scoring and/or misrepresents 
the sensitivity of the assay

Note:  Other labs reported “hedgehog” increases in affected TA doses, but rarely 
in the positive control.  Helix3 reported no “ghost” increases. 

3. Directives/ attempts to decrease background levels close to zero and/or below a 
specified %Tail value for every tissue, vehicle,  and experimental design create 
technical bias, statistical artifacts, and unreliable results
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