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ABSTRACT

The Study on the Detection of Specific Materials in the Cancer Cell

Using Scenting Ability of Dogs

In-Seok Seo

(Supervised by professor Min-Soo Kang)

Purpose : The basic unit for living things is a cell. Each cell survives through its
own metabolic process. However, a cancerous cell has different metabolism from
a normal cell. Due to such differences it produces specific chemicals which a
normal cell does not. This study hypothesizes that some kinds of cancerous odor
can be detected by a dog's remarkable sense of smell because metabolic

products of cancerous cell emit a unigue odor.

Materials : Experiments in this research can be categorized into 2 parts.

The first part of the experiments is to determine whether a trained dog could
distinguish media used to culture breast cancer cells and colonic cancer cells from
controls consisting of pure medium samples and those used to grow normal cells
of swine embryo. The second part of the experiments is to determine whether a
trained dog could distinguish the urine samples from mice with breast and colonic
cancer from normal urine samples taken from the same mice before they became

cancerous by being injected with 2 kinds of cancer cells.
Methods : Two household dogs without any kind of previous training, both males

and aged 2 years, were used in this study. They were initially trained to recognize

and remember the odor of cancerous medium samples through the reward-based
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approach in which they were ordered to sit and immediately rewarded by
presenting a dummy or a tennis ball and praised once they had sniffed the
cancerous medium samples. After that phase, they were repeatedly trained to
discriminate between the cancerous medium sample(target) and normal medium
samples(non-targets). When the dogs were sure to identify the 2 types of
cancerous media, they were trained to distinguish any of target samples from the
plural controls(2-3 non-cancerous medium samples). In the same manner, the
dogs were instructed to identify urine samples from mice with breast and colonic
cancers in the line-up of 5 urine samples(combination of 1 target sample and 4
control samples). The urine sample tests were conducted on several kinds of

occasions.

Results : During the tests of discriminating cancerous media and non—cancerous
media, both dogs correctly identified the target media with a sensitivity of 95%.
Also the dogs could distinguish the cancerous urine samples of mice from the

control samples with the same success rate of 95%.

Conclusion : This study strongly suggests that cancerous cells produce specific
chemicals which have unique odor markers, which can be detected by dogs’
olfactory function and that cancer-related metabolic products are made and
defecated from the very early stage of cancer development so a trained dog can
signal whether or not an animal has cancer in its body after smelling its urine

sample irrespective of its disease stage.
After additional in—depth study into a variety of cancers in people through the test

of men’s urine or blood by means of dogs' olfaction, based on this study, we

may expect that early diagnosis of cancer will be possible.
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Table 1. Information on Urine Samples

Sampling Date
Injected on 2008-12-30

Date . Details
brought Origin Sex C/?azllg I_aZ:!ed Bef Aft of
in ' RS er Injection
No Date No Date
A-1  2008-12-24 A-2 2008-12-30
_ e 471
2008 A-3  2008-01-08
BALB/c % 5W A 1x10°
12-9
A-4  2009-01-15 Cell
A-5  2009-01-19
B-1 2008-12-24 B-2 2008-12-30
| A1 471
2008 B-3 2008-01-08
BALB/c % 5W B 1x10°
12-9
B_4 2009_01_15 Ce”
B-5 2009-01-19
C-1 2008-12-24 C-2 2008-12-30
_ Y CT26
2008 C-3 2008-01-08
BALB/c 2 5W C 1x10°
12-16
C-4 2009-01-15 Cell
C-5 2009-01-19
D-1 2008-12-24 D-2 2008-12-30
_ 1 CT26
2008 D-3  2008-01-08
BALB/c 3 5W D 1x10°
12-16
D_4 2009_01_15 Ce”
D-5 2009-01-19
—_ 16 —_
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Figure 3. Reward (dummy, ten

Figure 4. Detection Box
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Cocker
Springer

1st 2 nd 3rd 4 th 5 th 6 th 7 th
Day

Figure. 7. The number of correct identification of CT26 cancer medium sample in
the lineup along with 4 other controls of normal medium samples
among 20 trials per day by each dog for 7 days.
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Cocker
Springer

1st 2 nd 3rd 4 th 5th 6 th 7 th
day

Figure 8. The number of correct identification of 4T1 cancer medium sample in
the lineup along with 4 other controls of normal medium samples
among 20 trials per day by each dog for 7 days.
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Table 4. Results of medium samples for CT26 and 4T1 cancer cell

1st day 2nd day 3rd day 4th day 5th day 6th day 7th day  Total

Cocker 19/20 18/20 19/20 19/20 20/20 20/20 18/20  133/140
Spaniel  (95%)  (90%)  (95%)  (95%)  (100%) (100%)  (90%)  (95%)

English
s ? 18/20 18/20 18/20 19/20 19/20 20/20 20/20 132/140
rnger
UGS 90o)  (90%)  (90%)  (95%)  (95%)  (100%) (100%) (94.2%)
Spaniel
v 37/40 36/40 37/40 38/40 39/40 40/40 38/40 265/280

(92.5%)  (90%) (92.5%)  (95%)  (97.5%) (100%)  (95%)  (94.6%)

= Total samples used : 1,400 (cancer samples: 280, non-cancer samples:1,120)
= One set of trial comprises 5 samples(cancer:1, non—-cancer:4)

* Each dog performed total of 20 trials per day for 7 consecutive days.

The number of correct identification of CT26 or 4T1 cancer medium sample in
the lineup along with 4 other controls of normal medium samples among 20 trials

per day by each dog for 7 days.
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Table 5. Results of diluted medium samples for 4T1 cancer cell

1st day 2nd day 3rd day 4th day 5th day 6th day 7th day  Total

110 10/10 9/10 9/10 10/10 9/10 10/10 10/10 67/70
' (100%) ~ (90%)  (90%)  (100%)  (90%)  (100%) (100%) (95.7%)

9/10 9/10 9/10 10/10 9/10 10/10 9/10 65/70
1:100
(90%) (90%) (90%)  (100%) (90%)  (100%) (90%)  (92.8%)

ooy Y0 40 g0 e0 40 S0 510 %20
' (50%)  (40%)  (30%)  (60%)  (40%)  (80%)  (50%)  (45.7%)

Total samples used : 1,050 (cancer samples: 210, non-cancer samples:840)

*

Dilution ratio (original medium liquids : distilled water) = 1:10, 1:100, 1:1000

*

One set of trial comprises 5 samples (cancer:1, non-cancer:4)

*

A dog performed total of 10 trials per day for 7 consecutive days.

The number of correct identification of medium samples for 471 cancer cell diluted
with distilled water at the ratio of 1:10, 1:100, 1:1000 in the line—up along with 4

other controls of normal medium samples among 10 trials per day by a dog for 7
days.
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Figure 9. Diluted media liquids by adding distilled water i 1, 10, 100, 1000.

JEJU

Figure 10. Comparison of the colors of distilled water and diluted media liquids
(1 : 10 : 100 : 1000 : distilled water)
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Cocker
Springer

C~2(injection) C-3(+9day) C~4(+16day) C-5(+20day)
Days passed after injection

C-2345

Figure 11. The number of correct identification of urine samples of mouse(C)
taken after it was injected with CT26 cancer cell(C-2,C-3,C-4,C-5)

along with 4 other controls(normal urine samples taken before injection
of CT26 cancer cell.
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Cocker
Springer

B-2(injection) B-3(+9day) B-4(+16day) B-5(+20day) B-2345
Days passed after injection

Figure 12. The number of correct identification of urine samples of mouse(B(¥))
taken after it was injected with 4T1 cancer cell(B-2,B-3,B-4,B-5) along
with 4 other controls normal urine samples taken from other mouse(A)
before it was injected with 4T1 cancer cell.
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Table 6. Results of urine samples of mouse (A(%)) injected with breast
cancer cells (4T1) in the line-up along with normal urine samples of

other mouse (C(3))

ARIZ T he)3 A4 AR5 AR
(injection Total
(+9day)  (+16day)  (+20day)  (2,3,4,5)

day)
, 19/20 18/20 19/20 19/20 20/20 95/100
Cocker Spaniel
(95%) (90%) (95%) (95%) (100%) (95%)
English Springer 18/20 18/20 18/20 19/20 19/20 92/100
Spaniel (90%) (90%) (90%) (95%) (95%) (92%)
37/40 36/40 37/40 38/40 39/40 187/200
ALL
(92.5%) (90%) (92.5%) (95%) (97.5%) (93.5%)

= Total samples used : 1,000 (cancer samples: 200, non-cancer samples:800)
= One set of trial comprises 5 samples (cancer:1, non-cancer:4)

* Each dog performed total of 20 trials per day for 5 consecutive days.

The number of correct identification of 4T1 cancer urine sample taken from a
female mouse(A) in the lineup along with 4 other controls of normal urine

samples taken from a male mouse(C) among 20 trials per day by each dog.
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Table 7. Results of urine samples of mice (A-2(%),B-2(%),C-2(%),D-2(%))
injected with cancer cells (4T1 and CT26) in the line-up along with

normal urine samples (A-1(%),B-1(%),C-1(2),D-1(3))

A($)-2 B(¥)-2 C(%)-2 D(%)-2

1. 4! FF. AB,CD
(injection  (injection (injection  (injection Total
day) day) day) day)
, 19/20 20/20 20/20 20/20 19/20 98/100
Cocker Spaniel
(95%) (100%) (100%) (100%) (95%) (98%)
English Springer 19/20 18/20 20/20 19/20 19/20 95/100
Spaniel (95%) (90%) (100%) (95%) (95%) (95%)
38/40 38/40 40/40 39/40 38/40 193/200
ALL
(95%) (95%) (100%) (97 .5%) (95%) (96.5%)

= Total samples used : 1,000 (cancer samples: 200, non-cancer samples:800)
= One set of trial comprises 5 samples (cancer:1, non-dancer:4)

* Each dog performed total of 20 trials per day for 5 consecutive days.

The number of correct identification of the cancer urine sample taken on the
injection date from each mouse in the lineup along with 4 other controls of

normal urine samples among 20 trials per day.
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Table 8. Results of urine samples for non-cancer cells

day 1st day 2nd day 3rd day 4th day 5th day Total
Wrong
positive 4/50 2/50 1/50 0/50 0/50 7/250
response (8%) (4%) (2%) (0%) (0%) (2.8%)

(rate)

= Total samples used : 1,250 (cancer samples:0, non-cancer samples:1250)

* One set of trial comprises 5 non—-cancer samples.

The number of wrong positive responses to the line—ups composed of 5
non—cancer urine samples without any cancer samples among 50 ftrials per day

for 5 consecutive days.
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