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)  Cancer, a deadly disease

The burdens and origin of this disease
According to the world health organization, the number of patients with cancer has shown a

steady increase over the last decade, going from 12.7 million people in 2008 to 19.1 million in
2020 (+50 % cases detected worldwide) (Ferlay et al., 2020). Current projections estimate 30.2
million cancer cases by 2040. If we look at the number of associated deaths, 9.9 million deaths
were accounted in 2020. Worldwide, cancer is the second most common cause of death, just
after heart diseases. Cancer kills more than all infectious and parasitic diseases (malaria,
dengue, tuberculosis, HIV...), road injuries, intentional injuries (self-arm, conflicts...),

drownings and fire accidents combined (Bray et al., 2018; Jemal et al., 2011; Wild et al., 2020).

Origins and risk factors of cancers are diverse. Cancer can arise due to genetic background
(Joo et al., 2018), viral infection (Olusola et al., 2019) or be environmentally caused and linked
to smoking behaviour (Alexandrov et al., 2016), alcohol consumption (Connor, 2017) or

sunlight exposure (Nair-Shalliker et al., 2012).

Cancer is a disease, caused by the presence of tumours inside the organism. However, one
can have tumours that are not cancerous (benign tumours). Along this thesis, the term tumour

will refer as cancerous tumour, and not as benign, unless specified.

The hallmarks of cancer
Cancer is a genetic disease in which mutations impact cell metabolism. Cancerous cells differ

from normal cells according to a number of criteria. These are called the hallmarks of cancer

and six were initially described (Hanahan & Weinberg, 2011).

Through mitosis, a cell can divide into two new cells. A cell can be in two distinctive states:
either a quiescence state (where no replication is ongoing) or a proliferative state (the cell
enters the mitosis cycle and replicates). Access to the proliferative state is tightly controlled
by the organism using growth factors, and only ‘healthy’ cells can enter this state. However,
some mutations in the genome of a cell can give rise to oncogenes (cancerous genes) that can
mimic growth factors. Cancer cells can then enter in a replicative state without being
dependent on exogenous growth signals and will grow exponentially (1%t hallmark of cancer

cells).
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Other defence mechanisms are present to stop the spreading of ‘sick’ cells. When a cell
managed to enter in the mitosis cycle, it can be stopped by antigrowth factors, which can be
classified as tumour suppressor genes. However, mutations in a cell can also suppress tumour
suppressor genes, and cells then become insensitive to antigrowth signals (2"® hallmark). At

this stage, the cancerous cell can go through replication without exogenous control.

Another protection against mutated cells is apoptosis (controlled cell death). When a cell has
undergone a certain number of replications, it will trigger the apoptosis program and destroy
itself. This ensures that errors in the genome that manage to pass previous defence
mechanisms stop spreading at the next cell generation. However, cancer cells are able to resist
cell death by promoting anti-apoptotic signals (3™ hallmark). Cells are then becoming virtually

immortal and keep multiplying.

However, after each replication, the ends of chromosomes are destroyed, and part of the DNA
can be damaged. To allow cells to replicate during a certain amount of time, chromosome
ends are protected with telomeres: these genome regions are composed of repeated paired
bases sequences that protect the DNA from degradation. With each replication, the telomeres
become shorter and, at one point, the DNA can be destroyed. When DNA is damaged, crucial
genes can be lost and at this point, the shortening of the chromosomes elicits massive
mortality amongst the cells. In cancerous cells, an enzyme called telomerase is highly
expressed. This enzyme repairs the telomeres, maintains, and elongates them, allowing the

DNA of a cell to be protected from the damage of replication and be immortal (4™ hallmark).

As cancerous cells keep growing and proliferating without control, they have a critical need
for resources, otherwise they would not survive and expand to the whole organism. These
resources (oxygen and nutrients) are supplied by the blood through the vascular system.
Angiogenesis (development of the vascular system) is needed for the supply of cancerous
cells. Mutations can trigger the expression of angiogenic inducing factors (5" hallmark).
Angiogenesis is useful for bringing oxygen and nutrients, but also for evacuating metabolic
waste and carbon dioxide. Once in the vascular system, waste compounds can then be
transported and found in the blood, exhaled air, urine, sweat or faeces of the patient (Pauling

et al.,, 1971).
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Finally, cancer cells can migrate to other organs, invade distant tissues, and form metastases,
thus spreading cancer to the whole body, eventually causing the organism’s death (6%

hallmark).

Later, four additional and emerging characteristics of cancer cells were described, bringing the
total of hallmarks to ten (Hanahan & Weinberg, 2011): genome instability and mutation,
tumour promoting inflammation, evasion from immune destruction and the reprogramming
of energy metabolism. Oncogenes are acquired through mutations, that are not common.
However, cancer cells can increase their rate of mutations by being more sensitive to

mutagenic agents or by disabling DNA control mechanisms (7™ hallmarks).

When cancerous cells are present in an organism, the immune system will attempt to
eradicate the spread of the disease. T lymphocytes (also called T cells) are cells of the immune
system that destroy foreign cells. However, cancer cells express a high level of a
transmembrane protein that stops T cells. Cancer cells can thus evade the immune system (8t

hallmark).

Reactive oxygen species (ROS) are well known inflammatory agents (e.g. H,02), and when they
accumulated in a cell, they usually kill it by promoting apoptosis. However, when they
accumulate in cancer cells, inflammatory molecules induce tumorigenesis (9t hallmark), as
ROS are also mutagenic agents. Inflammation can also provide growth factor (see 1%
hallmark), limit the apoptosis of cancer cells (3 hallmark), supply angiogenic factors (5%

hallmark), and facilitate metastasis (6™ hallmark) (Costa et al., 2014).

Finally, inflammation can elicit a shift in cells’ energetic metabolism, known as the Warburg
effect (10™ hallmark). To produce energy (measured as the number of ATP molecules), cells
can either use aerobic or anaerobic metabolism. The first one is highly efficient, uses oxygen,
and produces 36 ATP molecules from a single glucose molecule. On the other hand, anaerobic
metabolism is not efficient, produces only 2 ATP molecules, but can be done without oxygen.
Why are cancer cells switching to the — less efficient - anaerobic metabolism, regardless of
their access to oxygen? It is because the anaerobic metabolism is 10-100 faster than the
aerobic one. Cancer cells are parasitic organisms, and do not necessarily need efficient

metabolism. They simply need to divide and multiply as fast as possible.
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All these characteristics, and the modified metabolism of cancer cells, result in the production,
consummation, and globally an alteration of the molecules present in the environment of the
cells. Specific molecule signature of cancer can be used as biomarkers, to detect and cure this

disease.

Prevention and early detection
To reduce the burden of cancers, three actions are possible and must be implemented

together: prevention, early detection, and treatment (Figure 1).
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Figure 1 : Schema of the three actions possible to lower the rate of cancer related death.

The lines represent the life expectancy of an individual. Dotted lines indicate that the patient lives without cancer, while
solid lines indicate that the patient lives with a tumour/cancer. To decrease the rate of people dying of cancer, we can (1
—blue triangle) prevent them when possible (e.g. vaccination or lowering the number of people smoking). It is also possible
to detect tumours at an early stage (2 — yellow triangle) to remove them and/or treat them before they can spread to the
rest of the body. Finally, treating the disease when symptoms are present (at a late stage of development) is the last
option. Note that patients who underwent one of the three actions have a greater life expectancy than the ones that do
not.

Prevention can help decrease the number of cases due to environmental causes or viral
infection. Cancers related to smoking account for 25% of all cancer cases, despite the fact that
it is one of the most evitable environmental exposures. However, for the passive smokers, or
for the cancer with a genetic origin, screening procedures are critical to detect a potential
tumour as soon as possible. Depending on the cancer, some populations are more at risk than
others (e.g. the women above 50 for the breast cancer, and the men above 50 for the prostate
cancer), and millions of people need to have access to efficient, rapid, and inexpensive

screening procedures to ensure that the majority get screened as often as needed (e.g. every
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two years for breast cancer screening). To detect tumours, surgeons can use magnetic
resonance imagery (MRI). This method has the advantage of being extremely efficient for
finding anomalies in the body (such as tumours), but it is extremely costly, time consuming,
and cannot be used on a daily routine screening basis for whole populations (obese patients

or with claustrophobia, or anyone with any metallic body parts cannot use MRI scanner).

Worldwide, breast cancer is the most prevalent type of cancer with 2.2 million cases detected
in 2020 (Ferlay et al., 2020). Large screening campaigns are organized by countries for this
cancer and relies on mammography. Even though this method is less expensive than MRI, not
all populations have an equal access to it. For example, in Europe, Greece has 6.5
mammography units per 100.000 inhabitants, whereas France has less than 1. Furthermore,
this method is invasive, and not all women at risk actually undergo this screening. This has led
to a paradoxical situation in which almost half of the population at risk in rich countries (e.g.
Germany and France, the two most wealthy European countries, and respectively 4t and 7t

largest world economies) does not profit from this screening procedure (Figure 2).

The high cost of some early detection technics and/or the invasiveness of others are critical
concerns for public health. Alternative screening methods, that are cheap, efficient, and

non-invasive are urgently needed to fight against cancer.

21



Baptiste Piqueret — PhD thesis — 2021

Breast cancer screening in 2017
(% of women aged 50-69 years old)

o
N

Figure 2. Breast cancer screening in the European Union

Percentage of women considered as risk (between 50 and 69) that underwent a breast cancer screening in the last two
years in Europe in 2017. In some countries such as Denmark, more than 80% of this population underwent this screening.
In other countries such as Romania, less than 1% of the population underwent it. This lack of screening is not directly

linked to the economy of the countries. For example, in France and Germany, the two first economical European countries,
half of the population at risk did not undergo screening procedure within the last two years.

II) Olfactory detection of volatile organic compounds

Olfaction is used by every species, from bacteria to vertebrates (Ache & Young, 2005).
Compounds can be voluntarily emitted by individuals (such as pheromones: Wyatt, 2014), or
linked to their metabolism. In order to live, organisms will consume resources and produce
wastes. Linus Pauling (Nobel prize in Chemistry in 1954 and Nobel peace prize in 1962) and his
team described the presence of more than 250 unique organic compounds in the breath of
humans, and more than 280 in their urine (Pauling et al.,, 1971). This work led to the
development of the field of metabolomics, defined as “the systematic identification and
guantification of the small molecule metabolic products of a biological system (cell, tissue,
organ, biological fluid, or organism) at a specific point in time”. Metabolic products can be
linked to diseases (such as cancer) and used as appropriate biomarkers (Krilaviciute et al.,

2015). Different conditions (not necessarily linked to bad health, for example pregnancy) have
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different metabolomic signatures, and molecules that are specific to one condition can be

used as biomarkers.

Linking biomarkers with diseases is not a novel idea per se. Hippocrates, an ancient Greek
physician, could, solely based on a human’s breath, make a diagnosis of its health condition.
He described the fetor oris and fetor hepaticus. The fetor oris, “bad breath”, was described in
patients in bad general condition, whereas the fetor hepaticus was found in patients with
hepatic diseases. Nowadays, one of the most common examples of the use of biomarkers is
in the measurement of alcohol in the breath (and also in the blood) of car drivers: the breath

analyser. During this test, ethanol reacts with other compounds to indicate the alcohol level.

Organic compounds such as ethanol in breath are volatile; otherwise, they will hardly be
detected in expired breath. These compounds are called “Volatile Organic Compounds”
(VOCs), due to their carbon basis and their volatility (vapour state) at ambient temperature.
Detection of these compounds in breath to detect a modification of the patient’s health is
now used for the diagnosis of asthma, respiratory problems during anaesthesia,
inflammations of the respiratory system or in intoxications due to carbon monoxide (reviewed
in Paschke et al., 2010). Detection by use of VOCs is not restricted to breath. It is possible to
use urine, faeces, saliva, sweat or blood to link VOCs to a disease (reviewed in Broza et al.,
2015, Figure 3). Detection of these compounds relies on two major techniques: Gas
Chromatography coupled with Mass Spectrometry (GC-MS) and the development of

electronic noses (“e-noses”).

M Breath MWSkin @ MFeces MSalva ®Urine ® Blood

Figure 3. Percentage of VOCs detected in different products of the human and healthy body.

A total of 2577 compounds were measured with some only in specific products (e.g. 1-hexene in breath) whereas others
were found in three or more (e.g. acetaldehyde is found in all fluids). From Broza, Mochalski, Ruzsanyi, Amann, & Haick,
2015.
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Gas Chromatography—Mass Spectrometry (GC-MS)
During an analysis by GC-MS, the sample goes first into the gas chromatograph (GC), which

separates the different compounds contained in the sample. With the help of an inert gas
(helium for example), the compounds are transported along a capillary column while the
temperature of the chamber in which the column is placed (oven) increased. Compounds that
are more volatile reach the end of the column first, whereas less volatile compounds take
more time to reach the end. Some compounds might also interact with the column, which
interferes with their migration in a characteristic way, depending on the type of column. The
GC thus separates chemical mixtures into their components. To identify the compounds, a
mass spectrometer (MS) is coupled to the GC. Here, compounds are fragmented by ionization
and, when going through an electric field, they can be analysed by their mass and charge. Each
compound will give rise to a specific and unique fragmentation pattern. These characteristic
patterns are included in databases, and can help identify mixture components, although the
comparison with synthetic standards injected in the GC-MS is always recommended for

correct identification.

One major drawback of this analytic technique is its price. It can cost up to 500.000 € for the
most efficient GC-MS and the maintenance cost is also high due to the consumables and the

need of highly qualified technicians.

Electronic noses or “e-nose”
The second major technique of analysis of VOCs is the use of electronic noses or e-noses. They

are constituted of multiple sensors, which will react to the presented sample.

Different types of sensors are used, such as polymer or metal-based sensors, but the principle
is the same. When VOCs are analysed with e-nose, they will bind to the sensors depending on
their affinity. This binding will then change the resistance or conductivity of the sensors and
form specific electric patterns. If a sample with abnormal VOCs is analysed, a different pattern
will be detected, thus indicating an altered VOCs composition, and possibly a problematic
health condition. E-noses are mostly low cost, and can provide fast results, however, the

binding process can change the basal conductivity of sensors thus producing a drift effect. In
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this case, sensors need to be replaced. Usually, sensors have a short lifespan. They can also be
impacted by ambient humidity and temperature, and are less sensitive (higher detection

threshold) than the gold standard of chemical analysis, the GC-MS.

Furthermore, by using e-nose, it is not possible to determine the exact chemical nature of the
VOCs analysed. It is only possible to state that sample A is different from B due to the different
patterns (review by Behera et al.,, 2019; Turner & Magan, 2004; Wilson, 2015). Pattern
recognition is crucial here, and integration of machine learning, artificial neuronal networks,
and multivariate statistics are required for the analysis (Figure 4). However, despite the
exponential development of informatic solutions, it takes time to develop an automatic way
to analyse patterns. Finally, for some applications such as oenology, the human nose is still
more trustable and relevant than e-noses to determine the value and properties of wine

(Rodriguez-Méndez et al., 2016).
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Figure 4. Example of a pattern obtained with an e-nose

A piece of fresh beef was left in a box for 36 hours at ambient temperature and monitored using an e-nose. On the upper
panel, the electric activity of ten different sensors is represented using different colours. Each sensor was sensitive to one
or several molecules. When the molecules were present in the room with the beef piece, the activity of the sensor was
high. In parallel (bottom panel), the number of bacteria (microbial population) was measured. The piece of beef was
considered as “excellent” (1), “good” (2), “acceptable” (3) or “spoiled” (4). After 20 hours, the meat was considered
spoiled. In real conditions, humidity and average temperature change, thus producing noise in the response (conductivity)
of each sensor. Figure obtained from Wijaya et al., 2018.

Use of animals for olfactory detection
To avoid analysis constraints, threshold detection and potentially high cost of GC-MS and e-

nose, the use of animal olfaction is promising. Contrary to informatic tools that have been in

development since the 1950’s, animal olfaction has experienced millions of years of evolution,
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tuning, setting, failures and ameliorations of its performances. Chemical communication is
one of the principal communication channels used by living species, and it is also one of the
most ancestral ways of communication (Wyatt, 2014). Chemical communication is found from
bacteria to insects and mammals. Animal olfaction has been used as a tool by humans for
thousands of years. For example, dogs (Canis familiaris) and humans shared a common history
for at least the last 17.000 years (Vigne, 2018), and this is the most ancient form of
domestication by humans. Through our common history, dogs and their smelling abilities have

been used to protect humans from potential predators and for hunting.

Nowadays, dogs and their olfaction are used in various preventive actions such as drug
detection (Francis et al., 2019), detection of flesh eating flies (Welch, 1990), surveillance of
livestock parasites (Moser et al., 2020), human parasites (Kasstan et al., 2019), human viruses
(such as COVID-19, Jendrny et al., 2020), and explosives (Furton & Myers, 2001). The detection
of explosives (often landmines left after a conflict) is a major security concern and some
vertebrate species, other than dogs, are used. The African giant pouched rat (Cricetomys
gambianus) (Edwards et al., 2015) and African elephant (Loxodonta Africana) (Miller et al.,
2015) are useful demining helpers. Invertebrates, like honeybees, moths or flies, even if not
used as much as vertebrates for these specific tasks, show impressive abilities for detecting
explosives (Apis mellifera: (Bromenshenk et al., 2003), Manduca sexta: (King et al., 2004),
Drosophila melanogaster: (Marshall et al., 2010)). Parasitic wasps can also detect cocaine
(Microplitis croceipes (Olson & Rains, 2014)). As stated at the beginning of the introduction,
cancer is one of the major causes of death worldwide. Cancerous cells have an altered
metabolism, and produce specific pattern of VOCs, that can be detected by olfaction. Notably,
the olfactory abilities of dogs (Brooks et al., 2015; Mazzola et al., 2020; Pirrone & Albertini,
2017; Thuleau et al., 2019), honeybees (Schallschmidt et al., 2015), drosophila (Strauch et al.,
2014), nematodes (Hirotsu et al., 2015), and mice (Matsumura et al., 2010) were challenged

using cancerous samples.

Animal perception of odours
Olfaction is widely used by animals. For example, it is used for mating (Butenandt et al., 1959),

foraging (Provecho & Josens, 2009), or recognition of nestmates (d’Ettorre & Heinze, 2005).
Vertebrates and invertebrates, despite following different evolutionary paths, share common

olfactory structure systems (Hildebrand & Shepherd, 1997). Olfactory compounds are
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detected at the peripheral level, by olfactory appendices, such as the nasal chamber for
vertebrates, and the antennae for invertebrates like insects. At the surface of these organs,
olfactory compounds (such as VOCs) are detected by olfactory receptor neurons (ORNs) and
elicit action potentials, that transmit the information to the central nervous system of the
individual. Before entering the higher brain centers, the information will pass through
glomeruli, which are the contact points between peripheric and central neurons. In insect,
glomeruli are in the antennal lobe (AL), whereas in vertebrates, it is called olfactory bulb (OB).
Odours will form specific patterns activation in the glomeruli, and the odour information will
then be transmitted to higher integration centres, called lateral horn and mushroom bodies

in insect, and amygdala in vertebrates (Figure 5).

The ORNSs can be very specific, such as the ones used for pheromone detection. These ORNs
project to the macroglomerular complex within the antennal lobe in insects. In vertebrates,

the glomerul are called vomeronasal organ receptor cells.

Mushroom
body
Antennal
lobe

Figure 5: Brain structures of insects linked to olfaction

Overview of the honeybee olfactory system (front and side views), with the main olfactory organs and areas: the antenna
(blue), antennal lobe (purple / green) and the mushroom body (red). In mammals, the anatomic equivalent of the antenna
is the nasal chamber, the antennal lobe is the olfactory bulb, and the mushroom bodies are the amygdala. Adapted from
Galizia & Rossler, 2010.
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Depending on the stimuli perceived by the individual and its prior experience, a behavioural
response could be elicited. Note that the physiological state of the individual such as its age,

fertility or hunger, can impact its responses to stimuli (Anton & Rossler, 2020).

Through conditioning, it is possible for an animal to learn to respond and recognize any given
odorant, even if it is not present in its natural habitat or does not have a biological role. The
animal simply needs to have ORCs that are sensitive to this odorant and the concentration of

molecules in the environment should be higher than the detection’s threshold of the animal.

I11) Associative learning

Classical conditioning
Animals live in a constantly changing environment, where a new source of food or a predator

can arise at any moment. Behavioural flexibility can greatly improve the survival and
reproductive success of individuals. One rapid way to adapt to these new situations is through
learning. One of the simplest forms of associative learning is classical conditioning. Here, the
individual learns to establish an association based on two stimuli: a first stimulus, initially
neutral (that does not elicit a specific response from the individual), is paired with a second
stimulus that elicits a reflex response. This learning was demonstrated by lvan Pavlov (1849 —
1936) in 1927, who first described it in dogs, using the salivation reflex. When food is shown
to a dog, it salivates. If a bell sound was associated with the food presentation several times,
dogs were salivating just when hearing the bell. The sound acquired a predictive value of the
reward, and the dog’s behaviour was conditioned. The so-called neutral stimulus (the sound)
is now a conditioned stimulus (CS) that is paired with an unconditioned stimulus (US, the
food). When the CS is presented to the conditioned individual, it elicits a conditioned response

(CR), the salivation (Figure 6).

However, for this conditioning to be optimal, several parameters must be considered, starting
with the time elapsed between the presentation of the two stimuli (CS and US). If the neutral
stimulus is presented too early before the US, then the individual will not associate both
stimuli together, as the neutral stimulus will not be a good predictor of the US. Usually, the CS
closely precedes the US and can partially overlap it (Giurfa & Sandoz, 2012). Paired stimuli

(where CS was closely temporally paired with the US) elicit strong conditioning behaviour,
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whereas unpaired stimuli (the CS and US did not have close temporal association) do not.
Exception of this rule is when the US has an aversive value that, for example, induce sickness.
Associating a flavour (CS) with water that is toxic (US), that will make the individual to throw
up (UR) several hours later, can be used as conditioning. In this particular case, despite the
long time elapsed between the CS and the outcome of the US, the animal will remember the

displeasure associated and will not drink this flavoured water again (Welzl et al., 2001).
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Figure 6. Canonic example of classical conditioning

Before conditioning, the unconditioned stimulus (US — food) elicits the unconditioned response (UR — salivation), while the
neutral stimulus (NS — sound) does not elicit this response. During conditioning, both stimuli are presented in close temporal
association. After conditioning, the presentation of only the NS elicits UR. This response is now called conditioned response
(CR —salivation) and the NS is now a conditioned stimulus (CS — sound). The CS has become a predictor of the US.

Origin of picture: https://www.verywellmind.com/classical-conditioning-2794859

Depending on the species, the CS can be a visual pattern (Stach et al., 2004), colours (Buatois
et al., 2017), a tactile stimulus (Scheiner et al., 2005), or odours (Bos et al., 2012). As long as
the animal possesses both the relevant sensory system and the motivation for the US, it can
be conditioned to it. Note that the motivation is particularly important for the conditioning,

and can differs between individuals living in similar conditions (Perez et al., 2013).
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Other important parameters to consider are the number of conditioning trials and the inter-
trial interval (ITl). In principle, the higher the number of conditioning trials an individual
underwent, the better it will remember the association. However, it seems that after a certain
number of conditioning trials, some species are not as receptive as before, and learning is
actually worse. For example, in honeybees, the strength of the association is positively
correlated with the number of conditioning trials when they range between 1 and 6. After
that, when honeybees are conditioned with 9 trials, the association is not as strong as before
(Sandoz & Pham-Delegue, 2004). The ITI also has a major role in the learning process,
especially for the formation of long-term memory. Multiple massed learning trials (with a
short ITI) lead mostly to weak or short-term memory. Spaced learning trials (longer ITI) will
produce a long-term memory more easily (reviewed in (Smolen et al., 2016)). However, some
species demonstrated impressive learning abilities, and are able to remember for a long time
an association (formation of a genuine long-term memory) after a single appetitive
conditioning trial (Drosophila melanogaster (Weiglein et al., 2019) and Apis mellifera (Villar et
al., 2020)). Conditioning can be performed using a single stimulus rewarded (food) or punished
(electric shock). Here, the conditioning is called absolute. One can also use both reinforced
stimuli, one is positively reinforced (CS +), and the other is negatively reinforced (or not

reinforced) (CS -). In this case, the conditioning is called differential.

Operant conditioning
During operant conditioning (also called instrumental or Skinnerian conditioning in honour of

Burrhus Skinner, who developed the first protocol), a reward (or punishment) is associated
with a voluntary movement of the individual (Skinner, 1938). An animal left in a cage with a
lever will randomly push the lever after a certain time. This voluntary movement will give food
to the animal and, after several associations, the individual will learn that pushing the lever
gives food. It is also possible to use a neutral stimulus, such as a light source, during operant
conditioning. When the food is not available (pushing the lever does not give reward), the light
is off. However, when the food is available, the light is on. The animal will then associate the
neutral stimulus (light) to the food and will push the lever only when neutral stimulus is
present. This neutral stimulus is now a conditioned stimulus. The major difference between

operant and classical conditioning is that, for classical conditioning, th