
Mountain climbers and endurance 
athletes are not the only ones to 

benefit from altitude training – that 
is, learning to perform well under low-
oxygen conditions. It turns out that 
cancer-fighting cells of the immune 
system can also improve their perfor-
mance through a cellular version of 
such a regimen. In a study published 
in Cell Reports, Weizmann Institute of 
Science researchers have shown that 
immune system’s killer T cells destroy 
cancerous tumors much more effec-
tively after being starved for oxygen.

Harnessing the immune system 
to battle malignancy – an approach 
known as cancer immunotherapy – 
has already started saving the lives of 
cancer patients in the past few years. 
In one major version of this approach, 
killer T cells are removed from the 
patient’s blood, grown in a labora-
tory dish and adapted to identifying 
and destroying cancerous cells; they 
are then returned to the patient’s 
bloodstream. This method has so far 
worked best against certain leuke-
mias and lymphomas, but not against 
solid tumors, possibly because within 
such tumors, oxygen concentration is 
extremely low: 0.5% to 5% of the gas 
dissolved in the extracellular fluid – 
lower than in most healthy organs, and 
certainly much lower compared with 
levels in a regular lab incubator, in 
which oxygen accounts for 20% of the 
gas dissolved in the culture fluid used 
for growing the cells. 

Tumor cells manage to make effec-
tive use of glucose, the major cellular 
fuel, even when oxygen concentration 
is low. But T cells have a hard time 
penetrating tumors and performing 
their killing function. Previous studies 
had shown that growing T cells under 
low-oxygen conditions helps them kill 
other cells in a laboratory dish, but 

their actual cancer-fighting ability has 
never been tested.

“Killer T cells are the ones to 
target and destroy cancerous cells, but 
they don’t always manage to eliminate 
the malignancy,” says team leader 
Prof. Guy Shakhar of Weizmann’s 
Immunology Department. “We’ve 
shown that by growing these T cells in 
an oxygen-poor environment, we can 
turn them into more effective killers.”

In the new study, research student 
Yael Gropper and staff scientist Revi-
tal Zehavi-Feferman from Shakhar’s 
team, together with Drs. Tomer Meir 
Salame and Ziv Porat of Weizmann’s 
Life Sciences Core Facilities Depart-
ment, and Dr. Tali Shalit of the Ste-
phen and Nancy Grand Israel National 
Center for Personalized Medicine, put 
T cells through an altitude training  
of sorts – by growing them in an  

incubator with an oxygen concentra-
tion as low as 1%. They then divided 
mice affected by melanoma tumors 
into two groups; one group was in-
jected with the oxygen-starved T cells, 
the other with T cells grown under 
regular oxygen conditions.

Oxygen-starved T cells proved 
much more effective at fighting the 
cancer. Mice treated with these cells 
lived longer and their tumors shrank 
much more dramatically compared 
with the mice treated with regular T 
cells. Surprisingly, the oxygen-starved 
T cells did not penetrate the tumors 
better than the regular cells. Appar-
ently, they countered the cancer more 
successfully because they had a higher 
content of a destructive enzyme called 
granzyme B that penetrates and kills 
cancerous cells.

“Just as altitude training increases 
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Altitude Training for Cancer-Fighting Cells

Cancerous tumor tissue under a microscope: T cells grown under low oxygen conditions (green) 
and regular T cells (purple) show similar distribution patterns vis-à-vis blood vessels (red) 
Right: The content of granzyme B, a cell-killing enzyme (red), is much higher in T cells grown 
under low oxygen conditions (top) than in regular T cells (bottom)



One often hears about the multitude 
of genes we have in common 

with chimps or other living creatures, 
but such comparisons are sometimes 
misleading. “Humans and fish, for 
instance, share about 70% of their 
protein-coding genes, but only about 
0.5% of an important class of regula-
tory genes – ones that give rise to 
so-called long non-coding RNAs, or 
lncRNAs,” says Dr. Igor Ulitsky of 
the Biological Regulation Department 
at the Weizmann Institute of Science.

The lncRNAs (pronounced link-
RNAs) until recently received little 
attention. Not only are there as many 
as 20,000 lncRNA genes in the human 
genome – about the same number 
as the protein-coding ones – but the 
lncRNAs have lately been revealed to 
serve as master switches in a wide va-
riety of biological processes, turning 
other regulatory genes on and off, and 
controlling cellular fate during fetal 
development, as well as cellular divi-
sion and death in the adult organism.

In a recent study published in the 
journal Genome Biology, Ulitsky and 
his team – research students Hadas 
Hezroni, Gali Housman and Zohar 
Meir, and staff scientists Drs. Rotem 
Ben-Tov Perry and Yoav Lubelsky – 
managed to identify a class of mam-
malian lncRNAs that had evolved 
from more ancient genes by taking on 
new functions. 

The scientists started out with 
the assumption that evolution is an 
economical process: If a gene loses 
its function, may well be “recycled” 
for different purposes in the cell. The 
team members developed a series of 
algorithms that enabled them to find 
such “recycled” genes in the mam-
malian genome. First, they identi-
fied nearly 1,000 genes that code for 
proteins in chickens, fish, lizards and 
other non-mammalian vertebrates, but 
not in humans, dogs, sheep and other 
mammals. The scientists hypothesized 
that at least some of these genes, after 
losing their protein-coding function, 
started manufacturing lncRNAs in 
mammals. By comparing “gene neigh-

borhoods” in the vicinity of lncRNAs 
and of genes that had stopped coding 
for proteins, the researchers revealed 
that indeed, about 60 lncRNA genes in 
mammals – or 2% to 3% of lncRNAs 
shared by humans and other mammals 
– appear to be derived from ances-
tral genes. Their genetic sequence is 
in some cases similar to that of the 
ancient genes, but they have lost their 
protein-coding ability.

“It is hard to know what caused 
these genes to lose their protein- 
coding potential more than 200 
million years ago, when mammals 
evolved from their vertebrate ances-
tors,” Ulitsky says. “But the fact that 
these genes have been conserved in 
the genome for so long suggests that 
they play important roles in the cell.”

Identifying such “fossils” of 
protein-coding genes in the mam-
malian genome will facilitate further 

study of human lncRNAs and may 
ultimately help scientists understand 
what happens when their function is 
disrupted. For example, lncRNAs help 
create different types of neurons in 
the fetal brain; their failure to properly 
determine the fate of these neurons 
may contribute to epilepsy. Because 
lncRNAs are involved in controlling 
cell division, their malfunction may  
be implicated in cancer. Finally,  
manipulating lncRNAs may make 
it possible to treat certain genetic 
disorders. 

Ulitsky explains: “In recent years, 
lncRNAs were found to be important 
for the activation or repression of 
genes relevant to a variety of disor-
ders. It may one day be possible to 
treat these disorders by targeting the 
lncRNAs so as to reprogram entire 
gene regulatory networks. For ex-
ample, in a study in mice, researchers 

endurance in humans, so putting killer 
T cells through a ‘fitness regimen’ ap-
parently toughens them up,” Shakhar 
says.

If these findings are confirmed 
with human T cells, they may provide 
an immediate means of improving 
immunotherapy against solid tumors. 

Shakhar: “In cellular immunotherapy, 
T cells need to be removed and grown 
outside the body in any event. Grow-
ing them under low oxygen pressure 
is relatively simple, but this small 
adjustment to existing clinical pro-
tocols may significantly improve the 
therapy’s effectiveness.”   ❙ 

 
Prof. Guy Shakhar’s research is  
suppored by the Dr. Dvora and Haim 
Teitelbaum Endowment Fund; and 
Marion Sharp, UK. Prof Shakhar is the 
incumbent of the Norman and Helen 
Asher Professorial Chair of Cancer 
Research. 
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Genomic Recycling: Ancestral Genes Take On New Roles

http://www.cell.com/cell-reports/fulltext/S2211-1247(17)31213-5
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Humans and fish share about 70% of their protein-coding genes, but only about 0.5% of 
their regulatory long noncoding RNAs (lncRNAs)

http://www.cell.com/cell-reports/fulltext/S2211-1247(17)31213-5
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at the Baylor College of Medicine in 
Houston, Texas, had averted  
progression of Angelman syndrome, 
caused by mutations on chromosome 
15 – by silencing a particular lncRNA 

to unleash the expression of a gene it 
represses.”    ❙

Dr. Igor Ulitsky’s research is supported 
by the Abramson Family Center for 

Young Scientists; Rising Tide; and  
Mr. and Mrs. Gary Leff. Dr. Ulitsky is 
the incumbent of the Sygnet Career  
Development Chair for  
Bioinformatics.

When investigating atoms, scien-
tists face a challenge: At room 

temperature, individual atoms in a gas 
have kinetic energy, and fly around at 
large velocities. Temperature is, in es-
sence, the relative movement between 
atoms; thus the goal of getting the 
atoms to have small relative velocities 
involves freezing them to extremely 
cold temperatures.  A group at the 
Weizmann Institute of Science has 
now developed new universal method 
for cooling ions.

Ions, atoms with electric charges, 
are cooled today in traps using electric 
and magnetic fields and then further 
cooled with lasers. The new method, 
developed by Staff Scientists Dr. 
Oded Heber and Dr. Michael Rap-
paport, and postdoctoral fellows Dr. 
Reetesh Kumar Gangwar and Dr. 
Koushik Saha, in the lab of Prof. 
Daniel Zajfman of the Particle Physics 
and Astrophysics Department of the 
Weizmann Institute of Science, does 
not require lasers.

In the past, Prof. Zajfman and his 
group had created an improved ver-
sion of an ion trap called an electro-
static ion beam trap – an apparatus for 
storing ions that was much smaller 
than the standard ion storage rings, 

which tend to be very large and 
expensive. In an electrostatic trap, 
ionic molecules oscillate as they fly 
at speeds up to 10,000 km/h – and 
these cool down internally within the 
trap. Systems like this can recreate in 
the lab the sparse matter that exists in 
interstellar space. 

When groups of ions are oscillat-
ing in the trap at these high speeds, 
there is a natural distribution of 
frequencies. At this stage, the scien-
tists have a method in which “variable 
periodic impulse voltage” is applied 
to separate out the coldest ions in that 
distribution, accelerating only these. 
By continuing to apply voltages, re-
searchers can eventually end up with 
the very coldest ions. “This process,” 
says Heber, “is not so much cooling as 
‘filtering’ or sorting ions according to 
the temperatures they have reached.” 

In recent experiments, however, 
the group tuned the trap so the density 
of the ions in the electrostatic ion 
beam trap can be increased 1,000-fold 
at the edges. Increasing the density 
naturally increases the incidence of 
collisions between the ions in the 
beam, and the result is that energy gets 
shared between the ions. The scientists 
discovered that there was an enhanced 

correlation between the position of an 
ion within the group and its kinetic 
energy level. The coldest ions were 
in the center. Indeed, the energy – or 
temperature – was transferred to the 
ions at the edges, producing more 
extremely cold ions in the acceler-
ated bunch. “This surprising process,” 
says Heber, “already passes the test of 
genuine cooling.” 

In a paper recently published in 
Physical Review Letters, the group 
describes a series of experiments 
in which ions reached temperatures 
of about a tenth of a degree above 
absolute zero. The researchers are cur-
rently conducting further experiments 
to fine tune the system and get the ion 
temperatures even lower. 

Heber says that the new method 
is significant because the cooling 
process does not depend on either the 
type or the weight of the ion. Thus it 
might be used, for example, to investi-
gate the properties of large biological 
molecules or nanoparticles.  ❙

Prof. Daniel  Zajfman’s research is sup-
ported by the Comisaroff Family Trust. 
Prof. Zajfman is the incumbent of the 
Simon Weinstock Professorial Chair in  
Astrophysics.

Colder and Colder

https://genomebiology.biomedcentral.com/articles/10.1186/s13059-017-1293-0

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.103202
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The ions in the center of the cluster are cooled to the lowest temperatures, and can then be further accelerated in the ion beam trap

https://genomebiology.biomedcentral.com/articles/10.1186/s13059-017-1293-0
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.103202

