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The CAT-SIR is out of the bag: tumors
prefer host rather than dietary nutrients
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Abstract
The extent to which tumors acquire nutrients from dietary sources as opposed to from the breakdown of host
tissues is not known. In this issue of BMC Biology, Holland et al. report an approach where food sources with
different isotope labeled carbon ratios can be used to answer this question, and find that tumors arising in
Drosophila melanogaster procure most of their nutrients from the host.

Commentary
Cancer cells must acquire nutrients from their environment
in order to double biomass, turn over macromolecules, and
maintain homeostasis. Thus, to meet the metabolic requirements of rapid proliferation, cancer cells display enhanced
nutrient uptake compared to most non-transformed cells
[1]. This is exemplified by elevated tumor glucose uptake, a
property that is visualized in patients by FDG-PET scan [1].
Tracing the fate of isotope labeled glucose carbon (13C-glucose) in both animal models and patients has similarly revealed glucose uptake and metabolism by some cancers [1].
Isotope tracing and imaging studies have also shown cancers can utilize other nutrients, including material derived
from autophagy to catabolize existing biomass [2]. However, whether the majority of nutrients used by specific
cancers are sourced from the breakdown of pre-existing
host stores or from dietary sources has been difficult to
study with existing techniques.
A method to distinguish diet versus host tissue nutrient
acquisition

In this issue of BMC Biology, Holland et al. report a
study where they leveraged the fact that plants with
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different photosynthetic carbon fixation pathways contain different ratios of 13C/12C carbon in biomass [3],
which can be quantified using isotope ratio mass
spectrometry [4]. So-called C4 plants that use a carbon
fixation pathway involving 4-carbon molecules have a
higher 13C/12C ratio than so-called C3 plants; therefore,
diets derived from C3 or C4 plants have different
13
C/12C ratios. To label the metabolites within the tissues of flies with 13C/12C ratios approximating that
found in C3 or C4 plants, D. melanogaster eggs were laid
on food sources derived from either C3 or C4 plants and
the hatched larvae exhibited either a C3-type or C4-type
13
C/12C ratio [3]. The authors used a well-established
model of tumor induction in D. melanogaster driven by
oncogenic RasV12 expression and loss of the tumor suppressor gene scribble (scrib) [5], in which tumors form
in the cephalic region of flies that can be separated from
the rest of the host tissues. After allowing RasV12,
scrib−/− D. melanogaster larvae to develop on the C3- or
C4-type diets, the authors observed that the labeling was
stable in host tissues over time. However, when the labeling was quantified in tumors, the 13C enrichment was
found to steadily increase over time, achieving a ratio
that was higher than that found even in C4 plants. This
observation is not fully understood, but a previous study
also found that tumor tissue had greater 13C enrichment
compared to normal tissue, which was attributed to
differences in the metabolism of transformed versus
normal cells [6].
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By taking advantage of the differential 13C/12C labeling
ratios observed in flies reared on C3 versus C4 plantderived food, the authors devised an experimental approach to determine the extent to which tumors derive
their nutrients from the host or ingested food termed
Carbon Transfer measured by Stable Isotope Ratios
(CATSIR) (Fig. 1). For this approach, 6-day-old larvae
are grown on C3-type food and then the food source
is switched to a C4-type food for an additional 2
days. This resulted in a shift in the 13C/12C ratio of
fly tissues, and the extent of this shift, relative to the
starting 13C/12C ratio, can be used to infer how much
carbon biomass in the tissue is derived from existing
host biomass sources or from the diet. By using this
approach in flies engineered to develop RasV12,
scrib−/− tumors, the authors concluded that the tumors obtain the majority of their nutrients from the
host, rather than from the diet. Importantly, the authors obtained the same results by performing the reverse experiment, by growing larvae on C4-type food
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and shifting to C3-type food, demonstrating the robustness of this methodology.
Manipulating diet affects tumor nutrient uptake

Interestingly, the authors further noted that modifying
the carbon source in the diet alters the balance of how
nutrients are acquired by tumors in their model. For example, when the larvae were shifted to C4-type food
containing mostly sugars, and lacking yeast as a source
of lipids and amino acids, tumors acquired roughly the
same amount of carbon from the diet as did larvae that
were shifted to complete C4-type food. However, when
larvae were shifted to C4-type food lacking sugar, tumors relied even more on host carbon sources. These
data indicate that tumors will acquire dietary sugars
when available, which is consistent with the fact that
many tumors are glucose-avid [1]. Additionally, starving
larvae by shifting them to food sources without nutrients
caused tumors to rely completely on acquiring their nutrients from host biomass as might be expected. Of note,

Fig. 1 CATSIR is a method to determine whether tumors acquire nutrients from the host versus from the diet. Holland et al. took advantage of
the fact that biomass from C3 and C4 plants have different ratios of 13C and 12C carbon. In their study, RasV12, scrib−/− D. melanogaster larvae
were reared on a nutrient source derived from C3 plants for 6 days, which results in the larvae biomass having a 13C/12C ratio that approximates
that of C3 plants. The larvae were then shifted to a nutrient source derived from C4 plants with a different 13C/12C ratio prior to isolating tumors.
Thus, the ratio of 13C/12C ratio in the tumors reports the extent to which tumor nutrients were derived from host tissues versus from the diet
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tumor growth rate was similar regardless of the diet
used, even when larvae were starved, demonstrating the
adaptability of tumors forming in this model to derive
nutrients from the diet or from the host in different
conditions. Exactly how altering diet affects nutrient
acquisition by tumors is unclear and warrants further
investigation.
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Future directions

The extent to which various tumors arising in mouse
models also rely on host tissues as a major source of
nutrients could be assessed by applying this methodology to mice fed C3- and C4-type diets. Feeding mice
isotope-labeled diets can result in extensive biomass labeling in tissues [7], and mass spectrometry can be used
to assess tissue biomass labeling [8]. A strength of the
CATSIR approach is that it avoids a requirement for expensive isotope enriched material, and a need to assess
labeling in individual biomass components. This relative
simplicity could enable CATSIR to be used to study
many different models in order to assess whether different genetic drivers or tumor sites affect the extent to
which tumors acquire nutrients from dietary versus host
sources. The approach is also amenable to studying how
diet composition might lead to shifts in host nutrient
utilization, as Holland et al. reported in their study.
However, unlike Drosophila tumors, tumors that develop
in mammals contain many non-cancer cell types that in
some cases can be a major contributor to overall tumor
mass [8], such that isotope ratios may need to be
assessed in sorted cell populations [8].
The demonstration that some tumors can acquire
most of their nutrients from the host leads to the question of how biomass is mobilized to feed the growing
tumor. Some of the proposed mechanisms include
phagocytosis, macropinocytosis [9], or additional means
by which cancer cells drive release of nutrients from
neighboring cells such as through autophagy [10]. This
is a difficult question to tackle, as treating an organism
with inhibitors of different uptake pathways can also
alter whole-body metabolism, and the ability to genetically target specific tumor uptake pathways has been challenging. Nevertheless, CATSIR may prove useful as a
low cost, relatively simple means to quantify the relative
use of nutrients derived from host tissues, and these
same strengths also argue for its application to that of
non-cancer contexts, where differential utilization of
host versus dietary nutrients may also play a role.
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