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Odor detection of cancer cell metabolites by

scent-detection dogs

Geontae Park!t Dongwook Kim't Seongsoo Jeong! Dongsun Park? Gonhyung Kim!*

Abstract

Dogs have a superior olfactory system; thus, they have been trained and used to detect various nonbiological and
biological scents. In addition, many studies have recently reported dogs” ability to detect the odor of certain cancers or
cancer cells. A previous study documented that a dog trained to detect a certain malignant cancer cell could also detect
another, unfamiliar malignant cancer cell well, implying that these two cancer cells share a certain specific odor. Thus,
given the hypothesis that malignant cancer cells of different origins may contain a common cancer-specific odor, the
purpose of the present study was to evaluate odor detection ability for various cancer cells (prostate, lung and breast
cancer) by dogs trained on prostate cancer cells. Two dogs were trained and participated in the tests. Sensitivity,
specificity and the value of area under the curve (AUC) by receiver operating characteristic curve analysis were
evaluated. According to the AUC value, the two dogs showed excellent and perfect detection abilities in detecting the
odor of a trained prostate cancer cell (PC3), respectively. Both dogs also showed good detection ability for another,
unfamiliar prostate cancer cell (LNCaP-LN3). When evaluating the detection ability for lung (A549) and breast (MCF-
7) cancer cells, the two dogs showed excellent and good detection abilities, respectively. In conclusion, it is presumed
that a certain common cancer-specific odor exists in cancerous cells when compared with normal cells. Scent-detection
dogs have promising potential in training for cancer detection. Further study is needed to determine whether the
detection ability of dogs trained to cancer cells affects the detection ability for real cancer.
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Introduction

Dogs have been reliable in odor detection because
of their superior olfactory system. With this advantage,
dogs have been trained and utilized to detect various
substances such as explosives, hazardous chemicals or
drugs. They have also been used to detect biological
scents, including human odors and scents of other
animals (Beebe et al., 2016). With the ongoing COVID-
19 pandemic, a previous study reported the olfactory
ability of dogs to discriminate SARS-CoV-2 infected
individuals from normal people (Jendrny et al., 2020).
Recently, detection of cancer metabolites has been
discussed as a relatively new approach in cancer
diagnostics (Aboud and Weiss, 2013). In addition to the
various uses of dogs’ olfaction, an attempt to detect
tumor by canine olfaction was first reported in 1989
(Williams and Pembroke, 1989). Although various
studies reported detecting cancer using advanced
diagnostic tools such as gas chromatography or real-
time polymerase chain reaction (Chen et al., 2007;
Dijkstra et al., 2014), utilizing canine olfaction in
detecting cancer has the advantage of cost-
effectiveness and is often more practical than electronic
devices (Beebe et al., 2016). From this point of view,
many studies have been reported on dogs’ potential
ability in detecting the odor of tumors, such as
prostate, lung and breast cancer (McCulloch et al., 2006;
Taverna et al., 2015). However, numerous samples are
needed for training medical-detection dogs because
patient-derived samples are not standardized, as they
contain many individual odors reflecting the patients’
habits (Murarka et al., 2019). Using a cancer cell line as
an alternative is being discussed because of its
advantage of circumventing individual patients’
confounding factors, such as age, diet and medication
use (Lima et al., 2018). Several proof-of-concept studies
have reported training detection dogs by using
metabolites of cancer cells instead of the real cancer
(Murarka et al., 2019; Jeong et al., 2022). In addition,
unlike previous studies that trained dogs to detect
single cancer, a recent study evaluated how dogs
trained on one cancer cell (breast or colorectal cancer)
responded to another unfamiliar cancer cell. It was
revealed that dogs trained to detect breast or colorectal
cancer cells could detect another, unfamiliar cancer cell
well (Seo et al., 2018). Similar results were obtained by
another previous study that trained dogs to detect
prostate cancer cells. Dogs trained to detect a certain

Table 1 Source of cell line
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prostate cancer cell can detect not only another
prostate cancer cell but also bladder cancer cell well
(Jeong et al., 2022). Therefore, given the hypothesis that
malignant cancer might share a similar odor, the
purpose of the present study was to identify whether
dogs trained to detect a certain malignant cancer cell
respond to other malignant cancer cells of different
origins.

Materials and Methods

Cell culture: A prostate cancer cell line (PC3) was
cultivated for training the scent-detection dogs. Other
cancer cell lines included LNCaP-LN3 (prostate cancer
cell line from another origin), A549 (lung cancer) and
MCEF-7 (breast cancer). Normal cell lines used as
controls included CCD-18Co (human colon), CCD-
986sk (human skin), 3T3 (mouse embryo) and bovine
knee chondrocyte. Cancer and normal cell lines were
purchased from the Korean Cell Line Bank. Only the
bovine knee chondrocyte was isolated from our
laboratory. The identity of each cell line is described in
Table 1. Cancer and normal cells were cultivated in
RPMI 1640 (HyClone, Utah, USA) and DMEM
(HyClone, Utah, USA) media, respectively. Each
medium contained 10% fetal bovine serum (FBS)
(Capricorn  Scientific =~ GmbH, Ebsdorfergrund,
Germany) and 1% penicillin/streptomycin (HyClone,
Utah, USA) and the cells were grown in 75-cm? tissue
culture flasks under 5% CO; at 37°C. The medium was
collected and stored at -20°C until the experiment after
the cells reached over 80% confluence.

Experimental setup: Following a previous study (Jeong
et al., 2022), a wheel with 10 ports was used for the
experiment. The ports were composed of 1 target
(cancer cell) and 9 controls or 10 controls without a
target. An acrylic plastic cup with a diameter of 7 mm
and a height of 80 mm was used to contain the target
or control. Each sample was added with a volume of
about 0.2 ml. To avoid contamination by the dogs, the
same cup was superimposed and replaced each trial. A
4-mm-diameter hole was made in the superimposed
cup for scent detection. In the training or test
procedures, a trial was defined as the dog circling the
wheel once. Each test was composed of 30 trials and
performed over several days while considering the
physical condition of the dogs (Fig. 1).

Cell line Source

PC3 Prostate adenocarcinoma with bone metastasis from a 62-year-old patient
LNCaP-LN3 Metastatic prostate carcinoma from a 50-year-old patient

A549 Lung carcinoma from a 58-year-old patient

MCE-7 Breast adenocarcinoma from a 69-year-old patient

CCD-18Co Normal colon epithelial cell from a 3-month-old human

CCD-986sk

3T3 Swiss albino mouse embryo cell

Normal skin fibroblast cell from a 22-year-old human
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Figurel An experimental setup composed of a wheel with 10 ports and a scent-detection dog performing the training or test

procedure.

Training: A 4-year-old male (referred to as Dog-1) and
a 4-year-old female (referred to as Dog-2), both
Labrador Retrievers, participated in training. The dogs
were trained to detect metabolites of prostate cancer
cell (PC3) from various controls. The training consisted
of several stages and lasted for nine months. The dogs
moved to the next stage after achieving a sensitivity of
over 90% and the next stage was composed from the
previous stage by adding a new control. The controls
included empty cup, RPMI 1640 or DMEM medium,
medium that contained 10% FBS and 1%
penicillin/streptomycin and FBS with various
concentrations (0.5-10%). The dogs expressed a
positive response by sitting in front of the sample.
When a dog showed hesitation or moved from the
target, it was regarded as a negative response.
Expressing a positive response to the control was also
considered as a negative response. If there was no
target on the wheel, dogs were trained to stare at the
handler after sniffing all ports (Jeong ef al., 2022).

Test: Both dogs passed the training regimen and
participated in the tests. In the test procedures,
metabolites of normal cells were included as the
control (CCD-18Co, CCD-986sk, 3T3 or bovine knee
chondrocyte). Tests were performed single-blinded; th
us, the handler did not know the identity of each port.
Another observer arranged the samples and evaluated
the detection ability of the dogs. The initial test was
performed to detect PC3 as the target. Additional tests
were done by replacing the target from PC3 to LNCaP-
LN3, A549 or MCEF-7.

Data analysis: Sensitivity and specificity were
analyzed to evaluate the ability to detect metabolites of
cancer cells. To interpret detection ability, receiver
operating characteristic curves and area-under-the-
curve (AUC) values were calculated using Sklearn and
Matplotlib packages by Python 3. Following the
previous criteria, AUC values of 1.0 were considered
perfect, AUC values of 0.9 to 0.99 were considered
excellent, AUC values of 0.8 to 0.89 were considered
good, AUC values of 0.7 to 0.79 were considered fair,
AUC values of 0.51 to 0.69 were considered poor and
AUC values of 0.5 were considered of no value (Carter
et al., 2016).

Results

The scent-detection dogs were trained to detect
various substances but only the odor of prostate cancer
cells (PC3) was imprinted during the whole
experiment to avoid confusing the dogs. During test
procedures, the odor of trained cancer cells (PC3) was
imprinted after every 10 trials to maintain detection
accuracy. When evaluating 30 trials in each test, the
overall sensitivity and specificity of Dog-1 were 93%
and 100% (100% in Dog-2) in trained prostate cancer
cells (PC3), 79% and 97% (75% and 99% in Dog-2) in
unfamiliar prostate cancer cells (LNCaP-LN3), 100%
and 99% (77% and 100% in Dog-2) in lung cancer cells
(A549) and 88% and 94% (69% and 98% in Dog-2) in
breast cancer cells (MCF-7), respectively. Controls
including metabolites of normal cells did not affect the
detection ability of the dogs. According to the AUC
value, two dogs showed excellent and perfect detection
abilities in distinguishing trained prostate cancer cells
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(PC3) from controls, respectively. When detecting
another unfamiliar prostate cancer cell (LNCaP-LN3),
both dogs showed good detection ability. In the final
tests, evaluating the detection ability for lung (A549)
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and breast (MCF-7) cancer cells, Dog-1 and Dog-2
showed excellent and good detection abilities,
respectively. Sensitivity, specificity and AUC value of
test procedures are described in Table 2.

Table2  Sensitivity, specificity and value of area under the curve of test procedures
PC3 LNCaP-LN3 A549 MCE-7
Dog-1 Dog-2 Dog-1 Dog-2 Dog-1 Dog-2 Dog-1 Dog-2
Sensitivity 0.933 1.000 0.786 0.750 1.000 0.767 0.875 0.690
Specificity 1.000 1.000 0.968 0.989 0.993 1.000 0.942 0.983
AUC 0.967 1.000 0.877 0.870 0.996 0.883 0.909 0.836
AUC, area under the curve
Discussion evaluating the detection ability against cancer cell lines

Given dogs’ superior olfactory system, various
studies have reported their ability in cancer detection
(McCulloch et al., 2006; Taverna et al., 2015; Murarka et
al., 2019; Jeong et al., 2022). In addition, a previous
study documented that a dog trained on breast cancer
cell (breast carcinoma) could also detect colorectal
cancer cell (colorectal carcinoma) well, implying the
existence of a common specific odor (Seo et al., 2018).
Similar results were obtained in our previous study.
Dogs trained to detect prostate cancer cell (prostate
adenocarcinoma) showed excellent ability in detecting
unfamiliar bladder cancer cell (transitional cell
carcinoma) (Jeong et al., 2022). The same dogs were
used to evaluate the ability to detect other unfamiliar
cancer cells (prostate carcinoma, lung carcinoma and
breast adenocarcinoma) in this study. Both dogs
showed excellent or good abilities in the detection of
the tumor cells. Taken together, it is presumed that
malignant cancer cells or carcinoma might share some
specific odor when compared with normal cells.
Further confirmation by evaluating other malignant
cancer cells of different origins, such as sarcoma, is
needed to resolve the current hypothesis. Several
limitations exist. In the present study, normal prostate,
lung and breast cell lines were not included. However,
our previous study revealed that there was no
interference in a dog’s ability to detect metabolites of
prostate cancer cell, despite adding normal prostate
cell as a control (Jeong et al., 2022). When using a cancer
cell line as an alternative to real cancer, a previous
study documented that further confirmation is needed
because the cultured cell could not reflect metabolic
alterations occurring in real tumor progression (Lima
et al., 2018). One study documented that a dog could
distinguish between the odor of cancer tissue and
blood of an ovarian cancer patient from that of healthy
female individuals, implying that cancer-specific odor
is produced in both tissue and blood (Horvath ef al.,
2010). Another study trained dogs to detect the odor of
ovarian cancer cell instead of that of real cancer and
evaluated the ability to detect the odor of blood from
an ovarian cancer patient. The study revealed that a
dog’s ability to detect the odor of cancer cell did not
spontaneously switch to an ability to detect that of real
cancer (Murarka et al., 2019). However, the study had
the limitations of a small-sized sample and that the
detection ability of only one dog was evaluated. From
the present study’s point of view, each test for

was composed of 30 trials and two dogs participated in
the tests, as both dogs passed the training regimen in
the present study. And recently, the use of urine
samples from cancer patients has been discussed as
reliable biofluid along with blood samples for cancer
metabolomic studies (Carrola ef al., 2011; Mohamed et
al., 2019). As the present study has revealed that dogs
can be sufficiently trained to detect the odor of prostate
cancer cells, further study is needed for testing dogs’
ability to detect biofluid (blood and urine) of prostate
cancer patients. In conclusion, it is suspected that a
common specific odor exists in malignant cancer cells
or in carcinoma that makes them different from normal
cells. Although there exists a more specific method for
odor detection such as gas chromatography (Chen et
al., 2007), scent-detection dogs can also be trained to
recognize these odors. Dogs trained to detect the odor
of a certain cancer cell can also detect that of other
cancer cells well.
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