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Communication
Preliminary data: feeding and colon cancer growth. Modified nitrogen intake
leads to blunted cancer growth independently by serine.
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Abstract: Cancer cells are originated by normal cells and with those share the need to be fed. Met-
abolic reprogramming in cancer cells is not yet fully understood although there is a vast literature
suggesting that huge amounts of both energy and substrates are require for synthesis of compo-
nents of new neoplastic cells so that any macronutrient may be efficiently utilized. Recently, in vitro
data show that EAA supplementation promoted colon cancer cells apoptosis by enhanced autoph-
agy. Therefore, in this study we tested in vivo the effects of matched macronutrients standard la-
boratory diet (control) versus EAA rich modified diet (EAArmd) in mice injected with colon cancer
cells. Results of the first set of 12 animals, 6 controls and 6 EA Armd-fed, showed that controls mice
develop cancer volume cancers 5 times larger and heavier than EAArmd-fed. If confirmed, these
results would open new scenarios for the cancer integrate therapies.
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1. Introduction

Cancer cells are originated by normal cells and with those share the need to be fed.

Although, metabolic reprogramming in cancer cells is not yet fully understood, there
is a vast literature which suggest that cancer cells have metabolic hyperactivity. Conse-
quently, any macronutrient may be efficiently utilized because cancer requires huge
amounts of both energy and substrates for its continuous duplication.
The role of the specific direct and indirect metabolic activities of the individual amino
acids (AA) becomes increasingly evident in the neoplastic cell. Indeed, it has been demon-
strated that dietary restriction of serine and glycine (SG) reduce growth in autochthonous
model of tumor using engineered mouse model of lymphoma and intestinal cancer [1].
SG starvation induces de novo serine synthesis from glycolytic intermediates. This causes
disruption of energy production and induces the tumoral cells to increase oxidative phos-
phorylation to produce adequate ATP amount indispensable to maintain their metabo-
lism [1].
Recently, we have suggested the existence of a possible energy dependent relationship
(ruling reciprocal dimensions of synthesis) between high energy consuming processes
and autophagy/necrosis in the cancer cells [2]. Notably, reduced energy availability in-
creases AMP concentration which stimulates AMP-kinase (AMPK) and, in turn, acts on
mTOR (mammalian target of rapamycin) activating the cell’s autophagic machinery, pro-
moting ATP refueling in continuous synchrony [2]. In addition, we have shown in colon
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cancer cells in vitro that addition of essentials AA (EAA) in culture medium, triggers au-
tophagy and cell death [3].

The present study has been performed to confirm in vivo our previous results obtained in
vitro. Thus, we investigated whether feeding mice with special diet rich in free EAA in
stoichiometric ratio would influence cancer development in mouse experimental model
of subcutaneous injection of colon cancer cells (CT26).

2. Materials and Methods

The experimental protocol was approved and conducted in accordance with laws of the
Italian Ministry of Health and complied with the “The National Animal Protection Guide-
lines’. The Ethical Committee for animal experiments of the University of Brescia (OPBA)
and the Italian Ministry of Health had approved the procedures (decree n. 539/2021-PR).
12 BALB/c mice were randomized to two different diets: standard laboratory diet (StD, n
= 6) and EAArmd diet (n = 6), following already published studies on lifespan [4]. Both
diets (Dottori Piccioni s.r.l., Gessate, Milano-Italy) perfectly matched the same total mac-
ronutrients and micronutrients contents and provide same amounts of calories. Main dif-
ference was in type of nitrogen content, which was near 20% in weight, in both diets. EAA
to non-EAA ratio (EAA/NEAA) was <<0,9 in control StD, while EAArmd provided 84%
of EAA (EAA/NEAA =6.1). Small differences in nitrogen content evaluated at the end of
production were linked to technical reasons in preparation of pellets and dehydration
necessary to long term conservation. While control StD respected strictly AIN76-A/NIH7
requirements, EAArmd (Nutrixam, Named S.r.i., Lesmo, Italy) provided nitrogen as free
AA according the formulation presented in Table 1.

Table 1. Composition (qualitive and quantitative) of macronutrients in pellets fed to the 2 groups
of mice transfected with cancer cells. * Nitrogen (%) from free AAs only. ° Nitrogen (%) from vege-
table and animal proteins and added AA. StD = Standard diet; EAArmd = Essential-AA rich modi-
fied diet; N = nitrogen. The dotted line represents the limit between EAA (upside) and NEAA (be-
neath). L-Cystine was included to match Sulphur AA needs while minimizing methionine content.
bcaa = branched chain AA.

StD EAArmd
KCal/Kg 3952 3995
Carbohydrates (%) 54.61 61.76
Lipids (%) 7.5 6.12
Nitrogen (%) 21.8° 20 *
Proteins: % of total N content 95.93 -
Free AA: % of total N content 4.07 100
EAA/non-EAA (% in grams) - 86/14
Free AA composition (%)
L-Leucine (bcaa) -- 13.53
L-Isoleucine (bcaa) -- 9.65
L-Valine (bcaa) -- 9.65
L-Lysine 0.97 11.6
L-Threonine -- 8.7
L-Histidine -- 11.6
L-Phenylalanine -- 7.73
L-Methionine 0.45 4.35
L-Tyrosine -- 5.80
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L-Triptophan 0.28 3.38
L-Cystine 0.39 8.20
L-Cysteme B RRRLLLLLLELLLLLCEEE
L-Alanine -- -
L-Glycine 0.88 --
L- Arginine 1.1 -
L-Proline - -

L-Glutamine - -
L-Serine - 2.42
L-Glutamic Acid - -
L-Asparagine - -
L-Aspartic Acid -- -
Ornithine-aKG -- 242
N-acetyl-cysteine - 0.97

After15 days of nutrition randomly assigned to mice, 1x105 CT26 cells, ATCC code CRL-
2638™ strain Balb/c, suspended in 100yl of physiological solution were subcutaneously
injected in the same position (right hip) in 6 controls StD and 6 EAArmd fed. After 21 days
animals were sacrificed and tumors accurately isolated, measured (latitude, length, depth)
and weighted.

3. Results

These preliminary data suggest that, among macronutrients, AA “quality” is the most de-
terminant factor in cancer growth promoting a conspicuous slowdown in the growth of
the subcutaneous tumor in animals fed with the EAArmd. Photos at the site of injection
and explanted tumor mass in one sample of any group are presented in Figure 1.
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Figure 1. A-B: photograph of the inner surface of the flank region where the tumor cells were in-
jected in animals fed with StD (A) and fed with EAArmd (B). C-D: example of explanted subcuta-
neous tumor mass in animals fed with StD (C) and fed with EAArmd (D) after 21 days. Scale bar 10
mm.

Rough data of cancers volumes (mm?) [(maximal diameter x smallest diameter?)/2], and
weights (grams, in brackets) are presented in Table 2.

Table 2. Volumes of cancers (mm?) after 3 weeks (21 days) from subcutaneous inoculation of CT26
cancer cells in mice fed with StD and EAArmd respectively. In parentheses, weights in grams. T-
test, *p<0.01

Cancer volume and [weight]
StD EAArmd
Mouse 1 473.8 [0.39] 112.5[0.12]
Mouse 2 447.8 [0.21] 68.8 [0.09]
Mouse 3 400 [0.20] 135 [0.13]
Mouse 4 462.5[0.32] 67.5[0.11]
Mouse 5 864.0 [0.55] 29.4 [0.03]
Mouse 6 496.9 [0.42] 130.7 [0.27]
Volume (mean + std) 524.17 £169.6 90.65 +41.98 *
Weight (mean + std) 0.35 +0.134 0.125 +0.08 *

Statistical analysis was performed by Student’s T-test and standard regression test
by Microsoft Office Excel. In both groups, tumor volume and weight are correlated (r =
0,77 in StD and 0,84 in EAArmd). Mean volumes showed a ratio (5.78) strikingly most
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elevated in control StD-fed animals (EAA/NEAA <<0.9). Differences between mean vol-
umes were confirmed by Student’s T-test (t=6.078, p<0.001) as well as those between
weights (t=3.531, p<0.005).

4. Discussion

These data are preliminary, but it strongly suggests that, among macronutrients, availa-
bility of all free EAA (EAA/NEAA ratio >>1) is the most determinant factor in cancer
growth. Indeed, as already observed in vitro [3], altering EAA/NEAA ratios (which is reg-
ularly <<0.9 in dietary proteins) may have a deep impact on cancer biology [5]. The “nor-
mal” EAA/NEAA ratio (<<0.9) can only be efficiently maintained in vivo by proteolysis,
whose intervention inevitably releases an excess of NEAA. Such compensatory mecha-
nism cannot be established in vitro where EAA supplied to cells keep dominating the nu-
tritional fluid composition without any chance to compensate this imbalance. Also, this
study suggests that EAA/NEAA ratio provided by food is the most efficient determinant
in eliciting modifications of metabolism in cells. Hence, macronutrients should not be con-
sidered just passive molecules used by cells according to their metabolic needs. Indeed,
food AA quality appear to modify cell behaviors actively and consistently. Thus, epige-
netic modifications, such as changes in EAA/NEAA ratios, can be implemented and main-
tained as long as necessary by engineering food compositions. In fact, we have recently
demonstrated the increase in survival in animals fed with EAArmd all long life [4, 5].

A main target of altered EAA/NEAA is protein synthesis and autophagy balance.
As discussed elsewhere, protein synthesis and autophagy are not in opposition, but they
work in a synchrony whose rhythms and intensities are dictated by ATP availability. The
greater the availability of ATP, the more would be implemented synthesis of proteins,
which, being extremely expensive in terms of energy, would produce proportional AMP
amounts. The rise of AMP, in turn, would activate AMPK, which would blunt protein
synthesis inhibiting mTORC1 activating autophagy allowing to restore ATP reserves and
preventing mortal energy defaults [2].

Thus, both the balance among activation/inactivation of the upstream and down-
stream components of mMTORCs and AMPK pathways should be examined in the attempt
to understand a) which pathway is predominant in normally fed cancer cells, and b) what
epigenetic level makes EAArmd fed cancer cells metabolically fragile.

5. Conclusions

Although we are aware that our data are obtained from a modest number of animals,
the differences observed in the growth of the tumor are striking. For this reason, we
thought it important to publish the morphometric data alone immediately. Experiments
are underway to understand the cause of this difference at histological, molecular, and
immunohistochemical levels. Nevertheless, these macroscopic data open up important
scenarios also for clinical practice. Indeed, feeding cancer-bearing patients with very high
doses of EAA may unveil specific frailties of cancer cells, opening new options for cancer
integrate treatments.
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