
Triple negative breast  
cancer lacks three  

receptors that usually 
serve as targets for  
anti-cancer drugs

A promising new combination 
therapy for a particularly ag-

gressive form of breast cancer has 
been identified by Weizmann Institute 
scientists, as was recently reported in 
Cancer Research. The potential dual-
acting therapeutic strategy not only 
inhibits tumor growth and survival but 
also circumvents the problem of drug-
induced resistance.

Triple negative breast cancer is 
harder to treat than other types of 
breast cancer because, as its name 
suggests, it lacks three receptors that 
usually serve as targets for anti-cancer 
drugs. Treatment options are therefore 
limited to standard chemotherapy, 
which in many cases proves  
ineffective.

In their study, Prof. Sima Lev, 
postdoctoral fellows Drs. Nandini 
Verma and Anna-Katharina Müller of 
the Weizmann Institute of Science’s 
Molecular Cell Biology Department 
and colleagues identified a subset of 
triple negative breast cancer patients 
whose tissue samples expressed high-
er levels of two particular molecules: 
EGFR and PYK2. EGFR 

– a cell-surface receptor – has been 
implicated in a number of cancers 
when it is overexpressed due to 
mutations. PYK2 – a robust molecule 
previously discovered by Lev – plays 
a key role in breast cancer metastasis.

The scientists found that, in animal 
models, inhibiting either of these 
molecules alone led to a slight tumor 
reduction, but inhibiting them both 
together resulted in a more potent 
therapeutic effect, leading to a signifi-
cant decrease in tumor size. 

Upon further investigation, Lev 
and her team were able to identify 
the exact molecular pathways and 
protein interactions in which EGFR 
and PYK2 involvement leads to tumor 
growth and survival, and the results 
appear to explain the potent effect 
when they are inhibited together. Most 
strikingly, the team discovered that in-
hibition of PYK2 not only synergizes 
with the EGFR inhibitors but could 
also bypass the problem of resistance 
to EGFR antagonists. 

The reason why inhibiting EGFR 
alone does not seem to afford much 
clinical benefit, the scientists believe, 
is that cells tend to compensate for 
the lack of EGFR by increasing levels 
of an alternative receptor molecule 
called HER3, which is associated with 
drug resistance to EGFR therapy. The 
scientists found that inhibiting the 
second molecule, PYK2, in addition 
to curtailing cancer growth and metas-
tasis, also sets in motion an additional 
chain of events that ultimately marks 
HER3 for degradation. Helping to 
rid the cells of HER3 allows EGFR 
therapy to work more effectively.

Combining two inhibitors (right) was much more effective than either alone at preventing cancer growth
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Double Whammy 
for Triple Negative Breast Cancer



“We believe that this combination 
therapy – targeting both EGFR and 
PYK2 – provides a promising,  
more effective approach for a subset 
of triple negative breast cancer  
patients than other combinations that 
are currently being tested, owing to its 
ability to impede tumor growth and 
survival and prevent drug resistance,” 
says Lev.

About one-fifth of all breast  

cancers are triple negative, which 
means that more than 300,000 women  
worldwide are diagnosed every year 
with this form of malignancy.     ❙
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Here’s a reason not to peel toma-
toes: A new method of plant 

analysis, developed at the Weizmann 
Institute of Science, has identified 
healthful antioxidants in tomato skins. 
In fact, as reported recently in Nature 
Communications, the new method 
reveals that biologically active plant 
substances typically associated with 
particular plant species – including 
those providing health benefits – are 
much more prevalent across the plant 
kingdom than was previously thought.

Plants produce, in total, an esti-
mated million-plus organic chemicals, 
and each plant is believed to contain 
as many as 15,000, on average. To 
address the challenge of identify-
ing the majority of such “specialized 
metabolites” in any given plant, Dr. 
Nir Shahaf and other members of a 
team headed by Prof. Asaph Aharoni 
of Weizmann’s Plant and Environ-
mental Sciences Department created 
a database of plant metabolites, called 
WeizMass. Shahaf then developed 
a computer tool, MatchWeiz, which 
makes it possible to identify the 
metabolites by checking experimental 
results from the metabolic analysis of 
a particular plant against the database.

Using these new tools, the sci-
entists identified more than twenty 
metabolites that had never before been 
reported in tomatoes, including certain 
antioxidants in the skin. When the 
researchers then compared the  
analysis of tomatoes with that of 
duckweed and the research model 
Arabidopsis thaliana, they discovered 
an overlap in specialized metabolite 
content among these strikingly  
different species. 

These and other results suggest 
that plant species are not as special-
ized in their metabolism as has been 
commonly assumed. In other words, 

valuable substances produced by 
exotic plants may potentially be 
derived from more common species. 
The Weizmann team has found, for 
instance, that both duckweed and 
Arabidopsis thaliana contain – albeit 
in smaller amounts – certain metabo-
lites used in traditional medicine that 
until now have been isolated only 
from such oriental medicinal plants 
as maidenhair tree (Ginkgo biloba), 

ginger (Zingiber officinale) and rock 
pine (Orostachys japonicus).

“WeizMass and MatchWeiz  
can serve as extremely powerful 
tools for studying plant metabolism 
and identifying metabolites with  
useful biological activity, including 
potential drugs,” says Aharoni.

 WeizMass and MatchWeiz are 
not limited to the study of plant  
metabolites but may also be  

http://cancerres.aacrjournals.org/content/early/2016/10/28/0008-5472.CAN-16-1797

Wise Plant Analysis
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Weizmann Institute’s WeizMass and MatchWeiz help identify plant metabolites

A section of a ripe tomato sample showing the distribution of sucrose (orange) in the 
flesh and of an antioxidant (green) in the fruit skin tissue; mass spectrometry imaging 
(MSI) technology was used to map the molecules

http://cancerres.aacrjournals.org/content/early/2016/10/28/0008-5472.CAN-16-1797


used to investigate the biology  
of other living systems, including 
animal and human metabolism.

The research team included  
staff scientists Drs. Ilana Rogachev 
and Sergey Malitsky, lab technician 
Dr. Sagit Meir, postdoctoral  
fellows Drs. Uwe Heinig and  

Shuning Zheng, and research  
students Maor Battat and Hilary 
Wyner, as well as Dr. Ron Wehrens 
of Wageningen University in the 
Netherlands.    ❙ 
 
Prof. Asaph Aharoni’s research is sup-
ported by the Tom and Sondra Rykoff 

Family Foundation; the Leona M. and 
Harry B. Helmsley Charitable Trust; 
the Lerner Family Plant Science 
Research Fund; and Yossie and Dana 
Hollander, Israel. Prof. Aharoni is the 
recipient of the André Deloro Prize; 
and he is the incumbent of the Peter J. 
Cohn Professorial Chair.  

Some sea creatures cover them-
selves with hard shells and spines, 

while vertebrates build skeletons out 
of the same minerals. How do these 
animals get the calcium they need to 
build these strong mineral structures? 
Professors Lia Addadi and Steve 
Weiner of the Weizmann Institute of 
Science’s Structural Biology Depart-
ment asked this question about sea 
urchins, which need to extract quite 
a few calcium ions from sea water to 
build their spines. The answer sur-
prised them, and it could change the 
way scientists think about the process 
of biomineralization. 

Several years ago, Addadi and 
Weiner had discovered that sea 
urchins build their spines with tiny 

packets of “unorganized” material 
that hardens into crystal when laid 
in place. “So the question went back 
a step: How do they get the calcium 
ions they need to make this mate-
rial in the first place?” says Addadi. 
“Free calcium is not abundant in sea 
water,” adds Weiner, “so they need an 
efficient way to extract and concen-
trate the ions.” 

To answer the question the  
researchers, including Netta  
Vidavsky, needed methods to observe 
the animal’s cells “as is,” that is, as 
they are in life, water included. For 
this the group turned to Dr. Andreas 
Schertel of Carl Zeiss Microscopy 
in Germany and Dr. Sefi Addadi of 
the Weizmann Institute of Science’s 
Life Sciences Core Facilities. Very 
new cutting-edge techniques enabled 
them to observe thin slices of the 
cells in sea urchin embryos and then 
to reconstruct three-dimensional 
images of these cells and their intake 
of labeled calcium ions. “Even a few 
years ago, we could not have done 
this study,” says Addadi. 

The images showed that sea 
urchin larval cells actually “drink” 
seawater, taking in drops of water 
and manipulating the ions in the 
water within the confines of the cell. 
This is in contrast to the theory that 
these cells take in only ions, one at 
a time, through special channels in 
their outer membranes. The cells they 
observed were filled with networks 
of bubbles called vacuoles that col-
lect the calcium ions, evidently creat-
ing concentrated packages of calcium 
for building the spines. 

This method may be more energy 
efficient than taking in ions through 

channels (which the cells also did), 
but it presents another problem: The 
cells must be able to pick out the 
calcium as well as expel other ions in 
the sea water, especially the sodium 
and chloride. “Researchers may be 
busy for years to come figuring out 
how these cells manipulate the ions 
in the sea water they drink,” says 
Weiner. 

Addadi and Weiner point out 
that this is not the first time this 
type of calcium ion intake has been 
observed. Prof. Jonathan Erez of the 
Hebrew University of Jerusalem had 
described this phenomenon in single-
celled, hard-shelled microorganisms 
called foraminifera a decade ago.  
At the time, it was thought to be a 
“curiosity,” but finding the same 
process in two very different  
creatures suggests that it may be 
quite widespread. Although we do 
not live in sea water, even the cells 
that build our bones may use a  
similar method to obtain calcium. ❙ 
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http://www.nature.com/articles/ncomms12423

Making Spines from Sea Water

The green fluorescent label maps the 
distribution of calcium in sea urchin 
larvae. The label shows the elongated 
mineralized spicules and vesicles with 
large amounts of calcium
 

http://tinyurl.com/gtaadg9

How do creatures like sea urchins take up the calcium  
they need to build hard structures? 
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