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C
ANCER is often 
u n d e r s t o o d 
through the mu-
t at i o n s  t h at 
drive cells to 
grow uncontrol-
lably. But what 

if  the disease could also be 
understood through the 
different states cancer 
cells occupy? Research 
published in Nature Ge-
netics in 2026 explores this 
possibility, proposing a 
framework of  distinct, sta-
ble cellular states de-
scribed as “quantised” 
cancer states.

To understand the idea, 
it helps to examine how 
quantum mechanics un-
derpins molecular proc-
esses in living cells. DNA 
replication, gene regula-
tion and protein function 
depend on chemical reac-
tions and molecular inter-
actions governed by quan-
tum physics. 

However, the Schrod-
inger equation cannot di-
rectly predict whether 
someone will develop can-
cer; its relevance lies in the 
underlying physics of  mol-
ecules and biological 
processes.

DNA replication offers 
one example. DNA con-
tains four bases — adenine 
(A), thymine (T), guanine 
(G) and cytosine (C) — 
paired through hydrogen 
bonds to form its double 
helix. Accurate pairing is 
essential when cells copy 
their genetic information.

Quantum mechanics al-
lows particles such as pro-
tons to tunnel through en-
ergy barriers they could 
not cross under classical 
physics, much as a train 
might pass through a tun-

nel instead of  travelling 
over a mountain. 

Under certain condi-
tions, a proton in a DNA 
hydrogen bond may tunnel 
between two positions, 
temporarily creating a dif-
ferent molecular configu-
ration called a tautomeric 
form. This can alter hydro-
gen-bonding properties 
and potentially increase 
the chance of  incorrect 
base pairing during repli-
cation. If  the resulting mu-
tation affects genes that 
control cell division, DNA 
repair, or cell death, it may 
contribute to cancer.

Another connection in-
volves reactive oxygen spe-
cies (ROS), chemically re-
active molecules produced 
during normal oxygen-re-
lated cellular processes. 
Quantum mechanics gov-
erns the electron transfers 
and reactions involved in 
their formation. When 
ROS levels become exces-
sive, they can damage 
DNA, proteins and cell 
membranes, increasing 
the likelihood of  mutations 
that may promote uncon-
trolled growth or help cells 
evade nor mal death 
mechanisms.

Quantised cancer states, 
however, differ from these 
m o l e c u l a r  q u a n t u m 
effects. 

The term uses quantisa-
tion as an analogy for how 
cancer cells may organise 
their behaviour. In quan-
tum mechanics, atoms oc-
cupy discrete energy lev-
els rather than arbitrary 
intermediate ones. Simi-
larly, researchers propose 
that cancer cells may oc-
cupy a limited number of  
distinct, stable biological 

states instead of  forming a 
completely continuous 
spectrum.

This does not mean can-
cer cells occupy the same 

quantum energy levels as 
atomic electrons. Rather, 
each proposed state is de-
fined by patterns of  gene 
expression and regulatory 

activity that influence cel-
lular behaviour, survival 
and treatment response.

Central to this framework 
are master-regulator pro-

teins, which control gene 
networks involved in cellu-
lar identity, development 
and differentiation. Particu-
lar combinations of  these 
proteins may sustain malig-
nant characteristics, allow-
ing cancer cells to grow, sur-
vive and resist treatment. 

Targeting a single cancer-
associated protein may 
therefore be insufficient: 
other regulatory proteins 
may compensate, preserv-
ing the malignant state. Si-
multaneously targeting sev-
eral essential master 
regulators could offer a 
more effective strategy.

An analysis of  more than 
10,000 samples across multi-
ple cancer types identified 

112 distinct cellular states. 
This suggests that recur-
ring patterns across cancers 
may be systematically iden-
tified and investigated, of-
fering a potential frame-
work beyond approaches 
focused exclusively on indi-
vidual mutations.

Challenges remain. Cel-
lular states may vary be-
tween patients, change dur-
ing treatment and respond 
differently to the tumour en-
vironment. Computational 
predictions must also be 
validated experimentally
and through clinical studies 
before they can reliably 
guide treatment.

Quantum mechanics al-
ready contributes to cancer 

research and treatment. In 
radiotherapy, high-energy 
photons interact with tissue 
through quantum-governed 
processes. 

In drug design, under-
standing molecular struc-
tures, electron distributions 
and chemical interactions 
helps researchers investi-
gate how potential medi-
cines bind to their targets. 
Quantum sensing could en-
able highly sensitive detec-
tion, while quantum com-
puters may eventually 
tackle molecular simula-
tions that are difficult for 
conventional computers.
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