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Project Motivation
If a radiological
dispersion device
were detonated or
an industrial
accident occurred in
a populous area,
immediate large-
scale screening
would be imperative

Google Images,
http://kronemyer.com/wp-content/uploads/2008/05/nuclear-bomb-explosion.jpg



Public health issue

If a large dirty bomb were set off in NYC,
people could feel effects at Nevis in
Irvington!

Medical facilities would be
overloaded; both people
seriously harmed and people
seeking reassurance would
need assessment

Project Motivation





Rapid High-throughput, the
ability to assess numerous
samples at a time

Currently processes up to
6,000 samples/day

 Long-term goal is a
throughput of 30,000
samples/day!

Automated

Biodosimetry

Tool

Understanding the RABIT



Rapid

Automated

Robotically-based system

Completes process without
human involvement

Automates from sample
insertion to dose assessment
read-out, including the
entire biological protocol!

Biodosimetry

Tool

Understanding the RABIT



Understanding the RABIT

Rapid

Automated

Biodosimetry

Ability to calculate the
absorbed dose of ionizing
radiation via biological
markers.

Necessary for triage and
treatment, which is dose-
dependent.

Uses complementary
γ-H2AX and CBMN
(micronucleus) assays

Tool
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The RABIT in Action



REU Project Goal
Construct a calibration curve based on
the micronucleus assay to establish its

use for accurate biodosimetry
from 0 to 10 Gy of radiation

A dose response curve is needed to calibrate
the RABIT for radiation assessment



Bio Review: Cell Division

Adapted from
http://www.ch.ic.ac.uk/local/projects/s_liu/Html/Graphics/CellCycle.gif

Needed to understand the micronucleus assay



Microtubules
Chromatin/chromosomes
Nuclear Envelope
Cytoplasmic boundary

Interphase
Prophase and
Prometaphase



Metaphase Anaphase

Telophase Cytokinesis



Radiation Affects Cell Division
Chromosome

Pre-irradiation
Chromosome

Post-irradiation

Chromosomes (contain DNA) can
become fragmented when irradiated



Radiation Affects Cell Division
Metaphase Anaphase

Telophase
These fragments form

aberrations like
micronuclei (MNi)

Fragments of
DNA separated
from the rest of
the chromosome



The Micronucleus Assay
Cytokinesis-Block Micronucleus Cytome Assay

Proven method of measuring DNA damage and
cytotoxicity popularized by M. Fenech in the
1980s

Cells cultured to division, but cytokinesis
blocked so divided nuclei remain in same
cytoplasm

Measures # of never, once-, or many-divided
nuclei (mononucleated (Mono), binucleated
(BN), or multinucleated cells) and the frequency
of MNi in them



Example Cells of Interest

(Visualizing only nuclei and cytoplasmic boundary)

Mono BN BN with
MNi



MNi frequency as a radiation biomarker
Pros

Cons

Proven method of biodosimetry

 Simple scoring procedure makes for fast
manual scoring and straightforward
automation

Consistent monotonically increasing linear-
quadratic dose response curve at lower doses

Müller and Rode (2002) found  dose response
curve not monotonic into the high dose range
(> 5-7 Gy)



What Happens
at High Doses?

Cells heavily damaged by radiation
cannot function normally. Fewer enter
into mitosis, so there are less MNi and

more Mono cells

Müller and Rode (2002) suggested Mono
cell frequency as additional method
complementing MNi frequency for

biodosimetry at high doses



Our Study

0

Blood samples from 10 healthy donors

Various levels of radiation (0-10 Gy)

3 time points (0, 24, and 48 hrs)
post-irradiation

Scored the MNi and Mono cell
frequency per BN cell to determine
if/what range they are useful radiation
biomarkers



Preparation
Blood divided and irradiated up to 1, 2, 3, 4, 5, 7.5, or
10 Gy with gamma rays using a  137Cs  source in
addition to a control (0 Gy)

To simulate conditions during event, samples are
incubated at 37°C up to each time point

Blood is mixed with a separation solution and
centrifuged; a band containing lymphocytes is collected

Mitosis is stimulated and cytokinesis is blocked

Cells are mounted on slides and stained with DAPI to
facilitate fluorescent microscopy of nuclei

1

2

3
4
5



Imaging and Scoring
Three fluorescent
microscopes
using UV filters

MNi/BN data
collected by
manual scoring
Mono/BN data
collected by manually capturing images from
microscope and using analysis software created
by O. Lyulko to automatically score cells



MNi < 1/3 diameter of main
nuclei

Distinugishable, intact
nuclear boundaries

Nuclei of one cell lie within
3 radii of each other

BN cells have nuclei of
about the same size and
shape

Approximately circular

Do not overlap with other
nuclei

Scoring Criteria



Automated Scoring
Processing code is written in C using the Matrox Imaging Library.

Each image is scored in succession and a total count is output.
Background subtraction

Binarization

Touching nuclei are separated by applying a
distance and watershed transformation

Scoring criteria is applied and non-viable cells
are eliminated from count

1
2
3

4



Compactness parameter determines if nuclei are sufficiently
circular

Distance parameter approximates cell boundary to differentiate
between mono-, bi-, and multi-nucleated cells

The size of all nuclei in a cell boundary are compared to the
largest nuclei to determine the number of main nuclei versus
micronuclei

Automated Scoring
Description of Processing Criteria



Imaging and Scoring

Manual: at least 250 BN cells are scored

Automated: ~ 200 images are collected…
200 images      8 doses     3 time points     10 donors

Around 48,000 images
collected this summer!



Example: one image from data

We needed enough to score
hundreds of binucleated
lymphocytes per dose!



Data for each dose sample took an
average of 45 minutes to score…

45 minutes      8 doses     3 time points     10 donors

    Around 10,800 minutes,
about half of all work hours, 
spent imaging this summer!

Imaging and Scoring

(and that’s not counting manual scoring)



MNi/BN Dose Response Data
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Analysis of MNi/BN Data

To precisely evaluate the range MNi/BN frequency can be
used, a paired t-test was applied among consecutive doses:

The frequency of MNi
generally increases up to

about 7.5 Gy

MNi/BN ratio is not a
good biomarker at

high doses as
anticipated

0.0270.0880.4927.5 and 10

0.3230.1280.1125 and 7.5

0.0020.0163.12E-044 and 5

5.87E-060.0057.95E-073 and 4

7.55E-051.06E-061.26E-062 and 3

6.69E-062.03E-055.83E-051 and 2

5.21E-058.34E-067.36E-050 and 1

48 Hours
Post-Irradiation

24 Hours
 Post-Irradiation

0 Hours
 Post-IrradiationDose Comparison



MNi/BN Conclusions
The MNi  frequency data is sufficiently statistically

separated ( p < 5%) between consecutive doses up to 5
Gy but not necessarily between 5/7.5 and 7.5/10 Gy

For each time point, MNi frequency can be used as a
radiation biomarker up to but not exceeding 5 Gy

But we need a calibration curve based on the
micronucleus assay for biodosimetry up to 10 Gy…



Mono/BN Dose-Response Data
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Analysis of Mono/BN Data

To precisely evaluate the range Mono/BN ratio can be used, a
paired t-test was applied among consecutive doses:

The fraction of Mono
cells increases up to

10 Gy

Mono/BN ratio may be a
good radiation biomarker
into the high dose range

as anticipated

0.0590.0320.0287.5 and 10

5.41E-040.0913.37E-045 and 7.5

0.2560.3950.1134 and 5

0.0110.0090.0283 and 4

0.4510.5730.0862 and 3

0.5080.3660.0901 and 2

0.3820.0490.6070 and 1

48 Hours
Post-Irradiation

24 Hours
 Post-Irradiation

0 Hours
 Post-IrradiationDose Comparison



Mono/BN Conclusions
Varied statistical separations from 0 to 5 Gy.

For all time points, sufficient statistical separation
(p < 5%) between 5/7.5 (except 24 hours)

and 7.5/10 Gy (except 48 hrs).

For 0 hr time point, Mono/BN ratio can be used
as a radiation biomarker from 5 to 10 Gy

What about 24 and 48 hours post-irradiation?



Analysis of Mono/BN at High Doses
Outlier affected 24 hr time point; removal results in
sufficient separation from 5-10 Gy. Cause is being
investigated

For small sample size (10 donors), p<10% sufficient (Massey, 1951)

Added data will decrease p-values from 5 to 10 Gy

Note that radiation poisoning >7.5 Gy has same treatment,
so dose distinction >7.5 Gy may not be essential for triage

Continued creation of calibration curve under
conclusion that Mono/BN is a sufficient
radiation biomarker from 5-10 Gy at all time
points



Mono/BN and MNi/BN
Summary and Conclusions
MNi/BN can be used for biodosimetry from
0 to 5 Gy

Mono/BN can be used for biodosimetry from
5 to 10 Gy

Need biodosimetry from 0 to 10 Gy, so
combine methods in a single calibration
curve with a cutoff at 5 Gy for each time
point



Averaged Curves with Regression
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y = 2.220 - 0.027x + 0.129x2 - 0.008x3

R2 = 0.999
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y = 0.042 + 0.035x +0.061x2 -0.006x3

R2 = 0.991

A mean dose response
curve with the standard
error of the mean was
created for each time point
and fitted with a 3rd-order
polynomial

MNi/BN weighted by
inverse of error

Mono/BN unweighted



Calibration Curve, 0 Hours Post-Irradiation
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Cutoff Value:

4.549

The cutoff value between methods is the value of the
Mono/BN fit at 5 Gy; the averaged fitted curves were

concatenated at the cutoff

To use the curve, determine the Mono/BN ratio of sample
to assess a received dose above 5 Gy; if below cutoff, use

the MNi/BN frequency to assess the received dose



In Summary
We have concluded that the micronucleus assay
CAN be used for biodosimetry from 0 to 10 Gy:

MNi frequency in BN cells can be used as a
radiation biomarker up to 5 Gy

Mono/BN ratio can be used as a radiation
biomarker from 5 to 10 Gy

A calibration curve combining both methods
has been created for biodosimetric use in the
RABIT to assess samples 0, 24, and 48 hours
post-irradiation!



Google Images,
http://synthesis.net/wp-content/themes/thejournal/thumb.php?src=http://synthesis.net/wp-content/uploads/2009/06/mission-

accomplished.png&h=380&w=280&zc=1&q=90
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Future Objectives
       Collect blood from more donors

to obtain more data for reduced error and
higher precision. Next phase will study over
2,500 donors

Study the effect of confounding factors (age, gender,
smoking status, etc.) among donors and account for
them in our calibration curves

Study the effectiveness of the micronucleus assay for
biodosimetry beyond 48 hours post-irradiation

Incorporation into the RABIT for commercial
production and use
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