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trancriptomics and enable biochemical disection of thi antibo class.

Ithough the immunoglobulin E (IgE) anti-

body class is the least abundant of all iso-

types in humans, it plays an important role

in host defense against parasitic worm infec-

tions (I). It can also become misdirected
toward otherwise harmless antigens, as in the
case of food allergies, where the recognition of
allergenic food proteins by IgE antibodies can
lead to symptoms ranging from urticaria to po-
tentially fatal anaphylaxis. Despite their central
role in immunity and allergic disease, human
IgE antibodies are scarce and remain poorly
characterized (2). Recent studies have inferred
IgE B cell characteristics and origins (3, 4) and
have described clonal families to which IgE anti-
bodies belong (5). However, none have success-
fully isolated single IgE-producing cells or the
paired heavy and light chain sequences that
constitute individual IgE antibodies, leaving
unanswered questions regarding the functional
properties of such antibodies, the transcriptional
programs of these cells, and the degree to which
these features are shared across individuals, Here,
we report the successful isolation and transcrip-
tomic characterization of single IgE and IgG4
B cells from humans.

We performed plate-based single-cell RNA se-
quencing (scRNA-seq) on B cells isolated from
peripheral blood of six food-allergic individuals
(Fig. 1A). We used a simple fluorescence-activated
cell sorting (FACS) strategy (fig. S2 and supple-
mentary materials) that prioritized the capture

CA 94305

M158 LlwA 1

Research, Stank ll.

‘Departrment of Me

94305, USA. "Department o ford Uniersity
Stanford, CA 94305, USA. “Department of Applied Physics.
Stanford Uriversity, Stanford, CA € -A)l’. USA

*C author. E-mail: g ford edu

1306 14 DECEMBER 2018 + VOL 362 ISSUE 6420

of single B cells with surface IgE; we also in-
cluded B celis of other isotypes for comparison.
The isotype identity of each B cell was deter-
mined post hoc using the bioinformatic assemb-
ly of its heavy chain sequence from scRNA-seq
reads. This allowed us to sacrifice specificity and
capture IgE B cells with high sensitivity while
avoiding stringent FACS gate purity require-
ments or the need for complex gating schemes.
In total, 973 B cells were analyzed, of which 89
were IgE. We were unable to purify useful num-
bers of such cells from nonallergic controls.
Principal components analysis of normalized
gene expression (fig. S3 and supplementary ma-

Across all individuals, the 89 IgE antibodies
we found varied widely in antibody heavy chain
variable region (VH) gene usage as well as
mutation frequency (Fig. 2A). They also varied
in VH and light chain variable region (VL)
complementarity-determining region 3 (CDR3)
lengths (fig. S6A). There was moderate correla-
tion between the VH and VL mutation frequency
within single cells (fig. S6B), with evidence of se-
lection via an enrichment of replacement muta-
tions relative to silent mutations in VH and VL
CDRs (fig. S6C). Relative to other isotypes, IgE B
cells had a similar distribution of VH mutation
frequency, use of A versus x light chains, and VH
V and J gene usage (fig. S6, D to F).

A host of major histocompatibility complex
(MHC) genes were robustly up-regulated in IgE
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Fig. 1. Characterization of singile B cells isolated from peripheral blood of food-allergic individ-
uals. (A) Study overview. (B to D) Analysis of single cells pooled from all six individuals, n = 973. Cells
colored by B cell subset. (B) Principal components analysis of s

B cells into two distinct clusters. (C) Gene expression distributio
established transcription factors and marker genes identify the clust
cell subsets. (D) Number of cells belo:

(pink) and plasmablast (blue)

ell gene expression separates
counts per milion (:pm)} of
(B) as nalve/memory
) each subset by isotype

*P < 107 between IgE and each other isotype (Fisher exact test)
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6. Men of the Year Reunite After 50 Years to Reflect on a Historic Moon Voyage.
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