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The application of multiple-collector inductively coupled plasma mass spectrometry (MC-ICP-MS) 
for trace metal stable isotope analysis is well established within geochemistry since the conception 
of the technique about 20 years ago. The use of such instruments in medical and life science 
research has only just begun, however, and the scope of applications is vast, from diagnosis to 
mechanistic understanding. This project will investigate the use of trace metal isotope analyses, 
originally developed for geochemical research, within a medical context, in particular for studies in 
neurosciences, oncology, and toxicology.  

The analytical work will be carried out in the clean room and mass spectrometry laboratories of the 
MAGIC Research Center at the Department of Earth Science & Engineering, Imperial College 
London (http://www.imperial.ac.uk/earth-science/research/research-groups/magic/). The inter-
disciplinary nature of the project implies that the successful candidate will need to communicate 
effectively with academic professionals from medicine, biology, chemistry and engineering.		

 

 

Applications from students with degrees in Chemistry, Biology, Biochemistry, Earth Science, 
Geology, Geochemistry or a related discipline are welcome. Please don’t hesitate to get in touch via 
email (markrehk@imperial.ac.uk) if you are interested or have further questions. 

Selected literature: Larner, F., Woodley, L.N., Shoush, S., Moyes, A., Humphreys-Williams, E., 
Strekopytov, S., Halliday, A.N., Rehkämper, M. and Coombes, R.C. (2015) Zinc isotopic compositions of 
breast cancer tissue. Metallomics 7, 112-117. 

the light- or heavy-mass isotope(s) of an element are trans-
formed preferentially or more rapidly in a reaction, as a result
of mass dependent differences in the energy budget of the
process. This can happen, for example, due to changes in phase,
ligand coordination and redox state, or transport processes,
including biological uptake.13 The tightly controlled energy
requirements of biological systems mean the related isotopic
fractionation is typically significant, and facilitates a sensitive
monitor of metabolic change. In particular, zinc isotope fractio-
nation could differ when a cellular process is altered because of a
disease such as cancer; in principle it provides more insight than
concentration changes alone. Here we report the results of a pilot
investigation of Zn metabolism in breast cancer, by comparing
how the isotopic composition in different reservoirs changes with
malignancy.

Results & discussion
The Zn concentration and isotopic composition of blood and
blood serum of healthy controls and breast cancer patients
were determined, alongside a suite of 10 breast tissues, pre-
dominantly obtained from breast cancer patients (Fig. 1;
Table 1). As observed in other investigations,1,14 the Zn concen-
tration of tumours was found to be significantly higher than the
average values for healthy breast tissue reported in literature1,14

and found in this study. The isotopic composition is expressed
as the 66Zn/64Zn ratio. Variations in this composition due to
isotopic fractionation are small so are reported as the deviation,
@66Zn, in parts per thousand (%; eqn (1)) relative to a widely
available well-characterised source of zinc.

@66Zn (%) = [((66Zn/64Zn)sample/(66Zn/64Zn)reference) ! 1] " 1000
(1)

The samples of blood and of serum display limited isotopic
variation (d66Zn = !0.1 to + 0.3%). There is no systematic
difference between samples from healthy controls or breast
cancer patients. A haematoma sample from operation-induced
trauma is more negative (!0.2%) however. The most negative

values (!0.6 to !0.9%) are from breast cancer tissue. Healthy
tissue from breast cancer patients and one healthy control
show a Zn isotope composition lighter than blood and serum
(!0.3 to !0.5%), but not as isotopically light as breast cancer
tissue. For one patient the healthy tissue was retrieved adjacent
to the tumour tissue and demonstrates a Zn isotope fractiona-
tion of approximately !0.5% and an isotopic difference of
around !0.9% between blood and tumour (Fig. 1). Therefore,
isotopically lighter zinc appears to be sequestered during
tumour formation.

Zinc metabolism in breast tissue is not fully understood,
however, it is thought that it is imported into breast cells via
Zips, buffered by MT and sequestered into intracellular vesicles
by ZnTs, in addition to other interactions which incorporate
Zn into functional roles (e.g. Zn-finger protein formation15).
Zinc isotopic fractionation can occur at any or all of these
transformative steps but the net effect must be to produce
an isotopically light zinc pool. Ab initio modelling16,17 and
laboratory-based investigations18 of biological Zn interactions
indicate that, because of the stronger bonds formed, heavier
isotopes will preferentially bond to amino acids with harder
ligands, such as nitrogen and oxygen, whereas lighter isotopes
will be found with softer ligands such as sulfur.13 Both Zips and
ZnTs are noted for their numerous histidine (and therefore
nitrogen rich) residues.13 Therefore, they are unlikely candidates
for developing an isotopically light composition. Metallo-
thionein (MT) in contrast is S rich and capable of binding up
to seven Zn ions with its 20 cysteine residues. Metallothionein,
rather than a zinc-specific protein, therefore is most probably
responsible for the relatively light Zn isotope composition of
healthy tissue relative to blood, and of tumour tissue relative to
its healthy counterpart. The data indicate that the up-regulation of
Zips, ZnTs and MT in cancer cells magnifies the same isotopic
processes occurring in healthy cells, whereby the selectivity of the
MT overrides any heavy isotopic preference induced by the Zn
specific proteins.

This hypothesis is supported by the behaviour of copper (Cu)
isotopes in the same tissues (Fig. 2), which we have analysed in
a small number of samples (Table 1). Copper is not subject
to cell processes governed by Zn-specific proteins, however
the isotopic composition of Cu in the tumour relative to the
adjacent healthy tissue is isotopically lighter by !0.4% (Fig. 2).
Copper management is governed partly by copper-specific
proteins, (e.g. ATP7A, B, CTR1, ATOX119) as well as metallo-
thionein. There have been no reported up-regulation in
Cu-transporter proteins in breast cancer cells, therefore the
observed isotopic shift from healthy tissue to tumour is most
likely caused by binding of Cu to increased amounts of MT
present in the cell. This indicates that the magnitude of
isotopic fractionation of different transition metals by this
protein is similar.

To preserve mass balance in the system, the sequestration of
isotopically light zinc into breast cancer cells requires an
isotopically heavy Zn pool to be present in the body as the
remnant of the original zinc source. Identification of this pool
could provide a new method of diagnosis. The difference in

Fig. 1 Variations in zinc isotope composition of breast cancer patients
and controls. Zinc isotope composition of blood (squares; n = 10), serum
(circles, n = 10), healthy breast tissue (hexagons, n = 4), haematoma
(diamond, n = 1) and tumour (stars, n = 5) samples from breast cancer
patients (yellow, dashed outline) and age-matched controls (blue, solid
outline). Tumours are significantly isotopically light compared to all other
tissues. Mean values are shown by horizontal lines in shaded regions.
Uncertainty is r#0.2% (2SD), and is encompassed by shaded regions.
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Data acquired in our lab 
reveal that breast 
cancers tumours have a 
different Zn isotope 
composition than 
healthy breast tissue. 
This difference may 
enable a new technique 
for early diagnosis of 
breast cancer (see 
Larner et al., 2015). 


