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Molecular Cell

Expanding the Biologist’s Toolkit with CRISPR-Cas9

Samuel H. Sternberg’ and Jennifer A. Doudna'+#4.5.*

'Department of Chemistry

2Department of Molecular and Cell Biology

“Innovative Genomics Initiative

4Howard Hughes Medical Institute

University of California, Berkeley, Berkeley, CA 94720, USA

SPhysical Biosciences Division, Lawrence Berkeley National Laboratory, Berkeley, CA 94720, USA
“Correspondence: doudna@berkeley.edu

http://dx.doi.org/10.1016/.molcel.2015.02.032

Few discoveries transform a discipline overnight, but biologists today can manipulate cells in ways never
possible before, thanks to a peculiar form of Erokaryotic adaptive immunity mediated by clustered regularly

interspaced short palindromic repeats ( . From elegant studies that deciphered how these immune
systems function in bacteria, researc uickly uncovered the technological potential of Cas9,
an RNA-guided DNA cleaving Wer genome engineering. Here we highlight the recent explosion in
visionary apprications of CRISPR-Cas? that promises to usher in a new era of biological understanding

and control.
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Small RNAs are modified with N-glycans and
displayed on the surface of living cells

Graphical abstract Authors

Ryan A. Flynn, Kayvon Pedram,
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Jan E. Carette, Carolyn R. Bertozzi
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4 In brief

b "\Q\ Identification of stable mammalian RNAs
\ ) decorated with glycan structures opens
up a new dimension for regulatory control
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Figure 1. A new biopolymer, glycoRNA, is described in Flynn et al.

The solid foundation demonstrating its presence on cell surfaces to affect molecular recognition will enable investigations to answer the next set of questions.

What is the precise structure, how are they synthesized, and what is their biological function?
class # Ry tlotr cue

TN,

5lyoosylaﬁol with scalic oucids anel ﬁoose-
glycoRNA 7E4RREREMKRIARFETEEEESESPRER. AMI—EiAh, ERENFIBARKRE
HEERESRERENREREZIAREEHTEESREDIRER., EREARAXSERNTELS
BEARG, ENESHERTFRIEEEFER, NBEBSREMEBEEIEE-REREMMEEIER,
Flynn % AKBB, Siglec RN AR 53T RNase AMESURAMAIRREEEER, KA glyco RNA

NS 7 XEREER,

- ¢? CelPress Cell

Leading Edge

A glimpse at the glycoRNA worid

Matthew D. Disney’*

'The Scripps Research Institute, Department of Chemistry, Jupiter, FL 33458, USA
*Correspondence: disney@scripps.edu

https://doi.org/10.1016/j.cell.2021.05.025

In the past several decades, there has been an increased appreciation of RNA modifications and
their biological functions. In this issue of Cell, Flynn et al. describe the discovery of glycoRNAs present
on the surface of cells. Like proteins and lipids, conserved non-coding RNAs are functionalized with
carbohydrates.

FRXER Cell 89 Preview, BT glycoRNA KGRI ARSI,
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Article

Cell

Mammalian Near-Infrared Image Vision through
Injectable and Self-Powered Retinal Nanoantennae
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In Brief

Injectable photoreceptor-binding
nanoparticles with the ability to convert
photons from low-energy to high-energy
forms allow mice to develop infrared
vision without compromising their normal
vision and associated behavioral

. | responses.
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Astonishing Plants
Chris Thorogood' @

plants. Here | buid on the idea that ‘unusual
plants can draw a crowd’ €
that plants that astonish ci
means of challenging people's perceptiot
Now, in the Digtal Era, there are new

plants that botanical gardens hold, some
are striking, unus r dazzlingly beautiful,

and often unfamiliar to pecple. These have
the power to astonish people and chal
lange their notion of how plants lock and

behave. H

ser, they can be overlooked

Our existence depends on plants,
yet to many they are invisible, a phe-
nomenon called ‘plant blindness’.
Addressing this is crucial in the
face of unprecedented biodiversity
loss and extinction. Digital engage-
ment with astonishing plants can
break the perception that they are
uninteresting and take us steps for-
ward in addressing disengagement.

and

efors, highighting astonish
mens and ther bio
is an ideal opportunity for public
and an edge into broader dialogue
about plants.

Communication in Botanical
Gardens
There are over 2000 bot

The 'Darth Vader flower" (Anstolochia
salvadorensis) and monkey-face orchid
(Dracula) (Figure 1A B} are ltivated fre
n glasshouse
Their extraordinary face
he capabllity to startle
ople. Other plants bloom v
it time only but are spec-
y do; for example, giant

searchers in plant s

Plant Blindness used in the production of food, medi

Decreasing environmental awareness and  and clothing. These collections ar

symptoms by 300 million people pi

ribed opportunities for engaging people with

) [1] that  the importance of plants and plant conser:
com- B 3 { ki aas b )

quently in botanical
collections.

AS ‘nature-deficit d

séquires cultural examination and new SR -
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Dermatologist-level classification of skin cancer
with deep neural networks

Andre Esteva'®, Brett Kuprel'*, Roberto A. Novoa®”, Justin Ko?, Susan M. Swetter®*, Helen M, Blau® & Sebastian Thrun®

Skin cancer, the most human gnancy' %, is primarily
diagnosed visually, beginning with an initial clinical screening
and followed potentially by dermoscopic analysis, a biopsy and
histopathological examination, A 1 classification of skin
lesions using images is a challenging task owing to the fine-grained
variability in the appearance of skin lesions, Deep convolutional
neural networks (CNNs)** show potential for general and highly
variable tasks across many fine-grained object categories®'",
Here we demonstrate classification of skin lesions using a single
CNN, trained end-to-end from images directly, using only pixels
and disease labels as inputs. We train a CNN using a dataset of
129,450 clinical imag two orders of magnitude larger than

previous datasets'? —c of 2,032 diffe discases, We
x

images (for example, smartphone images) exhibit variability in factors
such as zoom, angle and lighting, making classification substantially
more challenging®**%, We overcome this challenge by using a data-
driven approach—1.41 million pre-training and training images
make dassification robust to photographic variability. Many previous
techniques require extensive preprocessing, lesion segmentation and
extraction of domain-specific visual features before classification, By
contrast, our system requires no hand-crafted features; it is trained
end-to-end directly from image labels and raw pixels, with a single
network for both photographic and dermoscopic images. The existing
body of work uses small datasets of typically less than a thousand
images of skin lesions' ™", which, as a result, do not generalize well
to new images, We demonstrate generalizable classification with a new

test its performance against 21 board-certified d ists on
biopsy-proven clinical images with two critical binary classification

der logist-labelled dataset of 129,450 clinical images, including
3,374 dermoscopy images.
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Algorithm 1 Disease Partitioning Algorithm

1+ Inputs
Plu] = Z Plv] _' lu.runfm,'_q (vl r<-v|f the disease taxonomy
veC) 3 maxrClassSize (int): maximum data points i a class

i: Output
o partition (list of sets): partition of the diseases into classes
b
7. procedure DESCENDANTS(node)
8 return {node} U {DESCENDANTS(child) for child in node.children}
o
10: procedure NUMIMAGES(nodes)
1: return SUM(LENGTH(node.images) for node in nodes)
12;
13: procedure PARTITION DISEASES(node)
14: class « DESCENDANTS(node)
15 if NUMIMAGES(class) < marClassSize then
16 append class to partition
17 clse
18 for child in node children do
19 PARTITIONDISEASES(child)

@ Trning Claseee 20

@ rforenos Clasees 21: partition

>
3: return partition

PARTITIONDISEASES(taxonomy.root )
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CRISPR-Cas9-Edited Tacrolimus-Resistant

Antiviral T Cells for Advanced Adoptive g 2R Y LT
Immunotherapy in Transplant Recipients
Leila Amini,"** Dimitrios Laurin Wagner,'” Uta Rossler,' " Ghazaleh Zarrinrad,'* Livia Felicitas Wagner,” Viral infeCtionsy SUCh as

Tino Vollmer,'-* Désirée Jacqueline Wendering,' Uwe Kornak,'* Hans-Dieter Volk,'* Petra Reinke,'-
and Michael Schmueck-Henneresse '~

with cytomegalovirus

(CMV), remain a major risk
factor for mortality and morbidity of transplant recipients because of their requirement for lifelong
immuno- suppression (IS). Antiviral drugs often cause toxicity and some- times fail to control disease.

Thus, regeneration of the antiviral immune response by adoptive antiviral T cell therapy is an



attractive alternative. Our recent data, however, show only short-term efficacy in some solid organ
recipients, possibly because of malfunction in transferred T cells caused by ongoing IS. We
developed a vector-free clustered regularly interspaced short palindromic repeats (CRISPR)-Cas9-
based good manufacturing practice (GMP)-compliant protocol that effi- ciently targets and knocks
out the gene for the adaptor protein FK506-binding protein 12 (FKBP12), required for the immu-
nosuppressive function of tacrolimus. This was achieved by transient delivery of ribonucleoprotein
complexes into CMV- specific T cells by electroporation. We confirmed the tacroli- mus resistance of
our gene-edited T cell products in vitro and demonstrated performance comparable with non-
tacrolimus- treated unmodified T cells. The alternative calcineurin inhibi- tor cyclosporine A can be
administered as a safety switch to shut down tacrolimus-resistant T cell activity in case of adverse
effects. Furthermore, we performed safety assessments as a pre- requisite for translation to first-in-

human applications.
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XFHFH D (Cord Blood) X—ERBULRIHAMIHARNNT iR, BALER THXNXE, KIWTIE
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therapeutic production of autologous and allogeneic iPSC derivatives, CB could be routinely

harvested for public and commercial
Cel Cell Stem Cell

PRESS

CB banks without any donor risk. CB

Generation of Induced Pluripotent Stem Cells
could readily become available for from Human Cord Blood
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or congenital malformations."
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Cord Blood CAR-NK Cells: Favorable
Initial Efficacy and Toxicity but Durability FEEHM. B0 CRS fliME
of Clinical Responses Not Yet Clear

Anastasios Karadimitris' ‘E 1 BE =] g
"Centra for Haemaluiogy & Hugh and Josseline Langmuir Centre for Myeloma Research, imperial College London, London W12 ONN, UK E, 7 H) | Tﬁ‘ [[Il
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Chimeric antigen receptor (CAR)-T cell immunotherapy is highly effective against B lineage cancers but at the CAR-N K émﬂ@,ﬁj LXT:E;Xﬁ CRS

expense of potentially serious toxicity such as cytokine release syndrome (CRS) and neurotoxicity. Recent
work provided clinical evidence that allogeneic, cord blood CAR-NK cells induce high rates of non-durable
clinical responses without CRS or neurotoxicity.
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