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From the Publisher’s Desk 

 

Welcome to Biotechnology Kiosk!  

This issue includes a scholarly review on the 
latest advances in gene editing therapies for 
blood disorders and editor picks on the recent 
breakthroughs in linking Alzheimer’s disease 
and COVID-19 and rising greenhouse gases 
and climate change.   

We hope our readers will enjoy reading 
these news and views on the current cutting-
edge topics that include latest research 
breakthroughs in different areas of medicine 
and biotechnology.  

We look forward to receiving your feedback. 
We do hope that you will enjoy reading this 
issue of Biotechnology Kiosk. Please do 
write to us with your comments. Your 
suggestions are always appreciated. 

 

Dr. Megha Agrawal & Dr. Shyamasri 
Biswas.  

Editors-in-Chief, Biotechnology Kiosk
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 Abstract 

 

Hemoglobinopathies like sickle cell disease (SCD) and beta thalassemia are the most common 
monogenic disorders and the number of children born every year with such conditions is 
predicted to reach about 400,000 by the year 2050. Transplantation of hematopoietic stem cells 
remains the gold standard of treatment but finding a Human Leukocyte Antigen (HLA)-matched 
donor is a major bottle neck when large numbers of patients need to be treated. Recent 
advances in gene editing tools, like Clustered Regularly Interspaced Short Palindromic Repeats 
(CRISPR), show immense potential to transform the gene/cell therapy scenario. This review 
covers recent breakthroughs in treating SCD and transfusion-dependent beta thalassemia such 
as re-initiation of fetal hemoglobin expression, and the planned clinical trials to correct the sickle 
cell mutation through CRISPR-based gene repair strategies. Further, expression of Factor IX to 
treat hemophilia using zinc finger nucleases, and universal Chimeric Antigen Receptor T cells 
(CAR-T) to treat cancers using genome editing are also discussed. Finally, challenges in 
developing these gene editing tools for clinical translation along with ensuring their safety, 
feasibility, and affordability, are also addressed. 

 

Keywords: Genome editing, CRISPR Therapy, Haemoglobinopathies, Mutagenesis, Gene 
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1. Introduction 

Worldwide about 300,000 infants are born 
with Sickle cell anaemia every year and most 
of these births happen in sub-Saharan Africa, 
the Middle East, and in India [1]. Sickle cell 
disease (SCD) is a generic term that 
encompasses a group of inherited conditions 
such as sickle cell anaemia, HbSC (a milder 
sickling disease with one Haemoglobin S and 
Haemoglobin C allele)- and -thalassemia, 
which are disorders characterized by 
mutations in the haemoglobin -subunit 

(HbB). A missense mutation in the -globin 
gene, referred to as the sickle haemoglobin 
(HbS) allele, results in disease phenotype 
when homozygous. Described more than 
100 years ago, SCD is the first genetic 
disorder where effective therapy has 
remained elusive even though the causative 
mutation has been identified [2,3], 
nevertheless, currently available treatments 
include administration of hydroxycarbamide 
(hydroxyurea), erythrocyte transfusion, or 
haemopoietic stem cell transplantation. SCD 
phenotypes include haemolytic anaemia, 
and it ultimately leads to multisystem 
disorder that affects almost all organs in the 
human body due to vaso-occlusion or 
blockage of small blood vessels (for 
extensive review on SCD please see [4,5]. 

Haemoglobin (Hb) is a tetrameric 
protein that is formed from different 
combinations of globin subunits and an 
oxygen-carrying haem moiety nestled among 
them. The most abundant form of 
haemoglobin present in adults is HbA, which 
contains two alpha chains (encoded by 
HBA1 and HBA2 genes) and two beta chains 
(encoded by HbB genes), hence it is 

designated 22. In contrast, foetal 
haemoglobin (HbF) contains two alpha and 
two gamma chains (22). The switch from 
HbF to HbA occurs in the early postnatal 
months and is referred to as the “foetal-to-
adult haemoglobin switch”. In adults, just 
about 1% of total haemoglobin is HbF. 
Transcription factors are involved in the 
switch from HbF to HbA and BCL11A is one 
such factor that repress postnatal HbF 
expression; thus, neonates and infants with 
-thalassemia or SCD are asymptomatic as 
long as HbF levels remain high but turn 
symptomatic during their first year of life 
when HbF levels decline and HbA levels 
increase. Interestingly, persistent expression 
of HbF into adulthood due to hereditary 
causes in patients with SCD or -
thalassemia results in little or no disease [6]. 
Consistently, deletion of the erythroid-
specific enhancer, BCL11A, in a transgenic 
mice model of SCD, corrects the 
haematological and pathological phenotypes 
associated with SCD and -thalassemia 
through enhanced expression of HbF [6,7].  

Sickle haemoglobin (HbS) is formed 
due to a point mutation in the HbB gene 
encoding the sixth amino acid due to which 
glutamic acid is replaced by valine, and the 
mutated allele is donated as s. SCD occurs 
when both the HbB alleles are mutated and 

at least one of them is s. In case of c, the 
glutamic acid is replaced by lysine, which 
typically leads to milder episodes of 
haemolytic anaemia and fewer complications 
compared to patients with homozygous s 
alleles.  
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Figure 1. Scheme representing different hemoglobin alleles and treatment strategies for sickle 
cell disease: (A) Amino acid sequence of beta globin is shown along with the variation at the 6th 
position, i.e., from glutamic acid (HbB; normal) to valine (s; sickle cell allele), lysine (c), or 

alanine (G). (B) The point mutation leading to the change in the triplet codon for glutamic acid 

is shown for s and c allele. (C) CRISPR-based strategies for SCD; left panel, CRISPR-
mediated double stranded repair with donor DNA to correct the mutation using homology-
dependent repair; right panel, base editors are used to change the mutated A to C to convert 
valine to alanine, a non-pathogenic amino acid variant.
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In individuals with a non-pathogenic variant 
called the “Makassar variant”, first identified 
in Makassar, Sulawesi, Republic of 
Indonesia, glutamic acid is switched to 
alanine [8] and the allele is represented as 
G.  Individuals with a single s allele i.e., 

HbB/s have the sickle cell trait but not SCD 
(Fig 1A, 1B). Mutations in HbB that cause 
transfusion dependent -thalassemia (TDT) 

result in reduced (denoted as + allele) or 

absent  globin synthesis (denoted as 0 
allele). All disease-causing mutant alleles of 
the -globin are depicted in Fig 1A. 

This review aims to discuss the 
tremendous progress that has been made in 
the last five years in cutting edge gene 
editing strategies such as CRISPR and zinc 
finger nuclease for treating various 
hemoglobinopathies, especially common 
blood disorders like sickle cell disease, beta 
thalassemia and haemophilia. Next, potential 
treatment methods, including manipulation of 
upstream regulators or correcting mutant 
genes, provide options for permanently 
curing the disease in millions of affected 
individuals, which is in contrast to existing 
treatment procedures that only address the 
disease phenotype. The final section deals 
with how CRISPR-edited allogenic “off-the-
shelf” cells can be used to address certain 
obstacles associated with immunotherapies 
for hematopoietic cancers like leukaemia’s 
and lymphomas. 

 

Emerging Therapies for SCD and - 
Thalassemia 

Gene editing offers the ability to rewrite the 
genetic code and thereby correct mutations 

responsible for various inherited genetic 
disorders. Currently, the most popular 
genome editing tool is CRISPR, which was 
originally identified as a bacterial immune 
system that can recognize and eliminate 
DNA from invading or foreign bacteriophages 
[9].  

Thus, CRISPR with its nuclease Cas, 
is referred to as the CRISPR/Cas system and 
it has been shown to potentially revolutionize 
agriculture, biotechnology, and modern 
medicine [10]. For example, the CRISPR 
nuclease Cas9 is directed by a short guide 
RNA that is complementary to target DNA, 
which results in the formation of a DNA-RNA 
complex.  

The Cas9 protein has two nuclease 
domains, namely the Ruvc and HNH domain, 
that cause double-stranded breaks at the 
target site (extensively reviewed in [10,11]. 
These double-stranded breaks are repaired 
through two mechanisms, namely, either the 
error prone Non-Homologous End Joining 
(NHEJ) method, which causes insertions or 
deletions at the cut site (referred as indels), 
or the less frequent but more efficient 
Homology Directed Repair (HDR).  

The error prone NHEJ mechanism is 
commonly used to create frame shift or 
deletion mutations to study gene function 
while the HDR strategy is used for correcting 
mutations in the genome using donor DNA. 
An exhaustive list of clinical trials on treating 
various blood disorders that involve gene 
editing are listed in Table 1. 
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Table1: Clinical trials for blood disorders that use genome editing tools. 

Clinical trial NO Disease Strategy Status (July 2021) 

NCT03432364 

 

Beta Thalassemia ZFN mediated BCL11A 

mutation 

Active, not recruiting 

NCT03653247 Sickle cell disease ZFN mediated BCL11A 

mutation 

Recruiting 

NCT03655678 Transfusion dependent  

beta thalassemia 

CRISPR/Cas9 mediated 

BCL11A mutation 

Recruiting 

NCT03745287 Sickle cell disease CRISPR/Cas9 mediated 

BCL11A mutation 

Recruiting 

NCT04774536 Sickle cell disease CRISPR/Cas9 mediated gene 

correction in CD34+ cells 

Not yet Recruiting 

NCT04819841 Sickle cell disease CRISPR/Cas9 mediated gene 

correction in CD34+ cells 

Not yet Recruiting 

NCT03728322 Beta Thalassemia CRISPR/Cas9 mediated gene 

correction in iHSC cells 

Unknown 

NCT02695160 

 

Haemophilia B ZFN mediated transgenic 

expression of FIX 

Terminated 

NCT03166878 Leukaemia and 

Lymphoma 

CD-19 directed CAR-T cells 

CRISPR edited to disrupt 

TCR and B2M genes to create 

universal CAR-T cells 

Recruiting 

NCT03398967 Leukaemia and 

Lymphoma 

Dual specificity CD-19, CD-

20 or CD-22 directed 

universal CAR-T cells  

Recruiting 

NCT04035434 B- cell malignancies CD-19 CAR-T cells, CRISPR 

mediated editing to make 

these cells allogenic  

Recruiting 
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In a pioneering study, two patients, one with 
SCD and other with TDT, were treated with 
CRISPR-edited hematopoietic stem and 
progenitor cells (HSPC, CD34+), referred to 
as CDX001 (NCT03655678 and 
NCT0345287) [12], wherein previously, 
CRISPR/Cas9-mediated saturating 
mutagenesis of non-coding elements at the 
BCL11A locus was used to identify an 
erythroid-specific targeting sequence [13]. 
Mutation at this erythroid-specific enhancer 
locus resulted in the disruption of GATA1 
transcription factor binding and consequent 
BCL11A repression, but only in the erythroid 
lineage. Importantly, this mutation evaded 
neurological and immunological adverse 
effects observed in conventional knockouts, 
thereby supporting its potential for clinical 
applications [12]. Silencing this erythroid-
specific enhancer (BCL11A) enabled the 
CRISPR-mediated gene edited HSPCs to 
reinitiate production of foetal haemoglobin 
(HbF) and reactivate -globin expression, 
consequently improving disease phenotype. 
Importantly, 8 more patients (6 with TDT and 
2 with SCD), also treated with CTX001, 
showed results comparable to those seen in 
the first 2 patients during a 3-month follow up 
period, attesting to the feasibility of this 
therapeutic strategy [12]. Interestingly, two 
previous clinical trials (NCT03432364, 
NCT03653247) had utilized Zinc Finger 
Nuclease (ZFN)-based gene editing to 
silence the BCL11A gene to restore HbF 
expression and the results are yet to be 
published. A similar study published 
concurrently used lentivirus-mediated 
expression of short hairpin RNA (shRNA) for 
post-transcriptional gene silencing of 
BCL11A (BCH-BB694) and showed 

restoration of HbF expression in SCD 
patients. All the six patients in this study 
showed a reduction in or absence of clinical 
manifestations associated with SCD during 
the follow up period of about 18 months [14]. 
Notably, both the CRISPR and ShRNA 
strategies involved isolation of HSPCs and 
their ex-vivo manipulation prior to infusion of 
the modified cells into patients; thus, both 
approaches require patients to undergo 
harsh chemotherapy to eliminate defective 
stem cells and permit marrow repopulation 
by the modified cells. 

A phase1/2 clinical trial 
(NCT04774536) at the University of 
California at Berkeley and at Los Angeles 
plans to use CRISPR-edited HSPCs 
(CRISPR_SCD001) that will be transplanted 
in patients suffering from severe SCD with 
the aim of correcting the faulty beta-globin 
gene ex vivo; this represents the first gene 
correction therapy for SCD. It must be 
pointed out that the CDX001 and zinc finger 
nuclease approaches enhanced HbF 
expression to compensate for the defective 
sickle Hb rather than correct the sickle cell 
mutation, as with SCD001. Similarly, 
Graphite bio, a US biotech company has 
obtained an Investigational New Drug (IND) 
approval to initiate clinical trials for GPH101 
to treat SCD (NCT04819841). Here, 
GPH101 relies on the HDR mechanism to cut 
out the disease-causing mutation and 
replace it with the correct sequence using a 
repair template (Fig. 1C). Graphite bio is also 
aiming to use this gene correction strategy to 
treat other diseases like XSCID, a life-
threatening immune disease, and to express 
glucocerebrosidase in a safe harbour site (at 
the CCR5 locus) to treat various types of 
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Gaucher’s disease. Both CRISPR_SCD001 
and GPH101 are ex vivo CRISPR 
approaches that require isolation and 
culturing of cells in vitro for gene editing.  

In contrast to the above, base editors 
are CRISPR-based gene editing tools that do 
not create a double-stranded break, instead, 
they chemically modify the nucleotide base 
at the target sequence, and thereby reduce 
the incidence of insertion or deletion 
mutations. In a recent study using animal 
models and human cells, the sickle cell 
mutation, s, was corrected to a non-

pathogenetic variant G (also called 
Makassar variant) using the adenosine base 
editor (ABE; Fig. 1C) [15]. Beam 
therapeutics, a USA-based biotechnology 
company, has plans to take this base editing 
strategy to clinical trials to treat several other 
diseases that are associated with point 
mutations. 

Haemophilia and gene therapy with Zinc 
Finger Nuclease 

Haemophilia A and B are the most 
common forms of bleeding disorders and are 
due to the deficiency of factors FVIII and FIX, 
respectively. Administration of plasma or 
factor concentrates, 2 to 3 times per week, is 
required due to the short half-life of plasma 
proteins, which increases both treatment 
burden and cost. About 70% of all 
haemophilia is type A, which is an X-linked 
disorder that only affects males; females are 
typically only carriers. Recently, 
bioengineered factors with decreased 
immunogenicity, increased efficiency, and 
extended half-life have been developed, 
which are easy to administer. Further, 
administration of adeno associated virus 

(AAV), containing a synthetic liver-specific 
promoter (LPI-hFIXco) that drives the 
transgenic expression of FIX, has been 
shown to have stable expression over a 7-
year follow up period (NCT00979238), which 
resulted in a substantial reduction in 
spontaneous bleeding and FIX protein usage 
without toxicity. However, the AAV genome 
is maintained in episomal format i.e remains 
independent and not integrating with the 
chromosomes, which could lead to potential 
loss of transgene expression when the 
transduced cells undergo continuous cell 
division [16]. 

Zinc finger nuclease (ZFN) are 
genome editors that consist of a zinc finger 
DNA binding domain that specifies nuclease 
activity using the Fok1 endonuclease. A pair 
of ZFNs are designed for a target site and 
dimerization of the Fok1 domain creates 
double-stranded breaks [17]. Sangamo 
therapeutics, a gene therapy company, has 
designed a ZFN-based transgenic approach 
to treat Hemophilia B by expressing FIX. 
ZFN-mediated double stranded breaks were 
created to insert the correct copy of FIX 
under the albumin gene promoter and 
appropriate regulatory elements to ensure 
strong FIX expression. As intravenous 
delivery of the ZFN complex as AAV vectors 
will ensure their delivery to predominantly 
hepatocytes, the transgene will be inserted 
and expressed in the liver. A clinical trial 
(NCT02695160) was initiated in 2016 but is 
currently terminated and no results are 
available. Several preclinical studies have 
used CRISPR/Cas tools to successfully 
express human FIX in animal models or to 
correct mutations in induced pluripotent stem 
cells [18,19], and it is highly possible that 
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these promising studies will progress to 
clinical trials. 

CRISPR-based therapies for blood-
associated cancers 

Cancer is one of the leading causes of 
death and the heterogeneity of cancer cells 
in a patient renders treatment challenging. 
New therapeutic strategies involving 
immunotherapy show promising results and 
are gaining popularity due to the close 
relationship between cancer cells and the 
immune system. Cancer is considered to 
progress through the following stages. In the 
first stage, called the “elimination” stage, 
both innate and adaptive immunity recognize 
and destroy developing tumors, with these 
processes occurring before the development 
of any clinical symptoms. The second stage, 
called the “equilibrium” stage, is the longest 
stage where the immune system continues to 
eliminate cancer cells, and when this fails, 
cancer advances to the “escape” stage, 
wherein cancer cells are conferred 
resistance to immune detection and tumors 
become clinically detectable [20]. 

Chimeric Antigen Receptors (CAR-T) 
cells are engineered immune cells that can 
seek and destroy cancer cells in different 
stages of the disease and the FDA (USA) 
approved two such CAR-T therapies in 2017. 
Autologous CAR-T therapy is a commonly 
used strategy where the patient’s T-cells are 
genetically modified. This process is time 
consuming as the manufacturing and quality 
control steps need to be carried for every 
individual patient, and consequently, raise 
production cost. However, allogenic CAR-T 
cells offer a promising strategy to provide 
“off-the shelf” cells that can be manufactured 

in bulk, thereby dramatically reducing both 
production cost and time. 

CRISPR-mediated gene knockouts in 
immune cells aim to avoid graft rejection and 
facilitate their use as universal cells that can 
be not only used to treat large numbers of 
patients but also insert the CAR gene [21]. 
Specifically, T-cell receptor genes (TCR) and 
β2-microglobulin (β2M), which are essential 
for presenting Human Leukocyte Antigen 
type 1 (HLA1) molecules, are knocked out 
using CRISPR/Cas-based editing, and as 
these allogenic universal cells can also be 
prepared from healthy donors, several 
biotechnology companies, like CRISPR 
therapeutics, are manufacturing such CAR-T 
cells that are less likely to be rejected by host 
cells [22]. Multiple clinical trials are currently 
underway to test the safety, feasibility, and 
efficiency of allogenic CAR-T cells in 
eliminating leukemia, lymphoma, and B-cell 
malignancies (NCT03166878, 
NCT03398967 and NCT04035434). 
Universal CAR-T cells also reduce the 
dependance on the patient’s own T-cells, 
which may not be present in sufficient 
numbers. 

Conclusions and perspectives 

Meganucleases such as I-Sec1, 
ZFNs, and transcription activator-like effector 
(TALEN) can generate double stranded 
breaks and complete homology-directed 
repair. However, difficulties in cloning and 
protein engineering for ZFN and TALENs, 
along with difficulties in finding a 
meganuclease target site at the desired 
locus, have curtailed broad application of 
these genome editors. Alternatively, CRISPR 
offers robust and high efficiency editing with 
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simpler and easy-to-use reagent 
preparations; these attributes make it one of 
the most utilized genome editing tools, both 
in the laboratory and in translation to clinical 
trials. This is reflected in upcoming or 
planned clinical trials to correct SCD 
mutations and implement allogenic CAR-T 
based cell therapies that use CRISPR. One 
of the major challenges of such genome 
editing tools, including CRISPR, is off-target 
effects (OFE) i.e., nucleases cutting at 
unintended locations due to target sequence 
homology, but multiple strategies, including 
the use of high-fidelity variants of Cas9, like 
xCas9, and other Cas proteins with minimal 
OFE (like Cpf1) have been recently shown to 
perform better in preclinical studies [11]. 
Additionally, improved in silico methods to 
optimize target design, followed by whole 
genome sequencing approaches to detect off 
targets in vivo, are being used to rigorously 
test and eliminate OFE prior to clinical trials. 
A promising alternative strategy is the use of 
base editors to correct point mutations to 
reduce off target insertions and/or deletions 
as base editing tools do not cut the DNA [23].  

CRISPR-based gene correction 
strategies for SCD utilize electroporation 
techniques to deliver components to stem 
cells in vitro and predictions suggest that 
gene correction in even 20% of the stem cells 
would be sufficient to out compete the native 
sickle cells and result in strong clinical 
benefits. The above-mentioned strategy is an 
example of ex vivo CRISPR therapy that 
involves autologous stem cell isolation, 
expansion, and gene modification in vitro, 
followed by validation for on- and off-target 
effects, and finally, reinfusion of the 
corrected cells into patients; thus, the need 

for multiple steps will obviously increase time 
and cost of treatment. Therefore, in vivo 
CRISPR therapies will gain popularity as 
they avoid cell isolation and in vitro 
manipulation of these isolated cells. 
However, currently, in vivo therapies are 
limited to few organs like the retina or liver as 
delivery of gene editing components to these 
sites is relatively easy [24, 25]. Alternatively, 
allogenic universal donor cells, as in the 
clinical trials for CAR-T therapies, are an 
efficient process for mass producing 
transplantable cells, but the stability and 
efficiency of such cells in treating diseases 
are yet to be established [26]. Treatment cost 
is a major factor that will determine the wide-
spread use of such therapies for blood 
disorders like SCD and TDT in low-income 
countries. For example, in India, bone 
marrow-derived stem cells are the major cell 
source for therapy and combining gene 
editing with existing stem cell therapies can 
be used to create a platform that can treat 
multiple blood disorders [27]. Nonetheless, 
how these groundbreaking innovations can 
be made available and affordable to large 
numbers of patients across the globe 
remains to be seen. 
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Alzheimer’s Disease and COVID-19 

   Neurological complications in COVID-19 patients

Studies have indicated neurological 
complications in COVID-19 patients and long-
hauler patients whose symptoms persist after 
the infection clears. This suggests that SARS-
CoV-2 could potentially impact brain function. 
However, it is not yet fully understood how the 
neurological issues arise due to the virus.   

In some studies SARS-CoV-2 has 
been suggested that the virus infects brain 
cells directly. However, some others studies 
found no evidence of the virus in the brain. 
Now, researchers in the US conducted a 
study on identifying how COVID-19 and 
neurological problems are linked. This study 
is supposed to give insights for developing 
effective preventive and therapeutic 
strategies to combat the surge in 
neurocognitive issues as a result of COVID-
19 infections.   

Researchers identified mechanisms by 
which COVID-19 can lead to Alzheimer's 
disease (AD) like dementia and their findings 
were published in Alzheimer's Research & 
Therapy (Network medicine links SARS-CoV-
2/COVID-19 infection to brain microvascular 
injury and neuroinflammation in dementia-like 
cognitive impairment. Alzheimer's Research 
& Therapy, 2021; 13 (1) DOI: 

10.1186/s13195-021-00850-3). This study 
indicated an overlap between COVID-19 
and brain changes common in Alzheimer's, 
and may help inform risk management and 
therapeutic strategies for COVID-19-
associated cognitive impairment.  

In the study, the researchers 
employed artificial intelligence using existing 
datasets of patients with Alzheimer's and 
COVID-19. Subsequently, they measured 
the proximity between SARS-CoV-2 host 
genes/proteins and those associated with 
several neurological diseases. The closer 
proximity suggested related or shared 
disease pathways. The researchers also 
analyzed the genetic factors that enabled 
SARS-COV-2 to infect brain tissues and 
cells. 

Researchers did not find strong 
evidence that the virus targets the brain 
directly. But, they discovered close network 
relationships between the virus and 
genes/proteins associated with several 
neurological diseases, including 
Alzheimer's. This points to pathways by 
which COVID-19 could lead to AD-like 
dementia.  
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Polar Vortex and Climate Pattern  

                           Rising greenhouse gas and climate change 

It is known that the ozone layer that protects 
Earth from damaging ultraviolet (UV) 
radiation will lose the race if greenhouse gas 
emissions aren't reduced quickly enough. In 
this regard, the polar vortex needs to be 
understood. Polar vortex is a relatively self-
contained, low-pressure system that forms in 
the stratosphere, which is at an altitude of 
about 12 to 50 kilometers (7.5 to 31 miles). 
This occurs over the Arctic every autumn and 
stays for varying durations throughout the 
winter to spring. Studies have shown that the 
pattern of warm and cold winter temperatures 
in the polar vortex happens to be very 
irregular.  

However, the trend toward more 
frequent and more extreme low temperatures 
in the polar vortex is a matter of concern. This 
is due to the reason that those extreme 
conditions promote the formation of clouds, 
which is turn promotes ozone loss in the polar 
stratosphere. 

Studies have shown that most of the 
chlorine and a significant amount of the 

bromine in the stratosphere comes from the 
breakdown of CFCs, halons and other 
ozone-depleting substances. It is also 
known that within the Arctic polar vortex the 
chlorine is non-reactive. However, clouds 
provide the right conditions for the chlorine 
to change form and that allows it to react 
with bromine and sunlight to destroy ozone. 

An international team of researchers 
recently conducted a new study that showed 
that extremely low winter temperatures high 
in the atmosphere over the arctic can 
become more frequent and more extreme 
because of climate patterns associated with 
global warming. This research was 
published in Nature Communications 
(Climate change favours large seasonal loss 
of Arctic ozone. Nature Communications, 
2021; 12 (1) DOI: 10.1038/s41467-021-
24089-6).  

Compiled and Edited by Dr. Megha 
Agrawal & Dr. Shyamasri Biswas. 
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