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Strapline:	The	human	blood	gd	TCR	repertoire	gets	less	diverse,	more	focussed,	yet	is	private	
in	nature,	 throughout	ontogeny;	and	specific	adult	gd	T	cell	subsets	undergo	strong	clonal	
expansion	upon	CMV	challenge.	
	
gd	T	cells	seem	to	disobey	many	of	the	biological	rules	followed	by	their	ab counterparts.	In	
particular,	 they	 are	 not	 restricted	 by	 classical	MHC	 presentation	 of	 peptide	 antigens	 and	
they	 preferentially	 home	 to	 tissues	 (rather	 than	 secondary	 lymphoid	 organs)	 where	 they	
typically	 respond	 very	 rapidly,	 in	 synchrony	 with	 innate	 immunity.	 These	 characteristics	
underlie	 their	 labelling	 as	 ‘innate-like’	 T	 cells,	 alongside	NKT	 and	MAIT	 cells.	 Accordingly,	
murine gd	 T	 cells	 comprise	 various	 (semi-)invariant	 populations	 that	 populate	 peripheral	
tissues	(such	as	skin,	gut	or	uterus)	and	are	functionally	engaged	without	a	need	for	clonal	
expansion.	 In	humans,	 the	extent	of	diversity	of	 the	gd	TCR	repertoire	and	how	 it	may	be	
shaped	 (or	 not)	 by	 clonal	 expansion(s)	 is	 poorly	 understood.	 Previous	 reports	 addressing	
this	 issue	 are	 scarce	 and	 lacked	 the	 sequence	 resolution	 recently	 enabled	 by	 next-
generation	 sequencing	 (NGS),	 which	 is	 the	 basis	 of	 studies	 now	 published	 in	 Nature	
Immunology	and	Nature	Communications1,	2.	
	
Ravens	et	al.	 gathered	a	 large	 set	of	 human	 samples	 including	 cord	blood	and	peripheral	
blood	 from	 patients	 who	 underwent	 allogeneic	 haematopoietic	 stem	 cell	 transplantation	
(HSCT).	 This	 technically	 demanding	 clinical	 cohort	 study	 was	 designed	 not	 only	 to	
investigate	how	 the	gd	 T	 cell	 pool	 is	 shaped	during	ontogeny	but	also	how	 it	 regenerates	
after	HSCT.	Davey	et	al.	focussed	on	the	Vd2–	T	cell	compartment	in	healthy	adults	and	cord	
blood.	 In	both	 studies,	 the	 comparison	of	 adult	 peripheral	 blood	and	 cord	blood	 samples	
clearly	 demonstrated	 a	 postnatal	 focussing	 (i.e.,	 reduction	 of	 diversity)	 of	  gd	 TCR	
repertoires,	despite	shared	‘innate’	clones	being	more	frequent	in	the	neonate	(Fig.	1).	The	
data	thus	extended	previous	work1,	2,	3	and	highlighted	differences	between	the	adult	g	and	
d	 repertoires:	whereas	 T	 cell	 receptor	 (TCR)	 gamma	 chain	 (TRG)	 repertoires	were	 largely	
comprised	 of	 ‘public’	 sequences,	 TCR	 delta	 chain	 (TRD)	 repertoires	were	mostly	 private1,	
especially	in	the	Vd2–	T	cell	compartment2.	This	is	consistent	with	selection	and	oligoclonal	
expansion	of	public	TRG	sequences	pairing	with	a	plethora	of	TCRd	chains.		
	
The	 analysis	 of	 HSCT	 patients	 proved	 highly	 informative	 and	 showed	 that	 gd	 T	 cells	
reconstitute	much	 faster	 than	ab	 T	 cells1.	gd	 T	 cells	were	 fully	 reconstituted	within	30-60	
days	 after	 transplantation	 with	 TCR	 repertoires	 of	 similar	 complexity,	 in	 contrast	
normalisation	of	ab	T	cell	repertoires	does	not	start	until	after	6	months	and	a	majority	of	
patients	 show	abnormal	 and	 less	 diverse	 repertoires	 up	 to	 3	 years	 after	 transplantation4.	
The	 fast	 reconstitution	of	gd	 T	 cells	may	be	of	 considerable	biological	 importance	as	host	
protective	roles	of	gd	T	cells	are	often	most	overt	under	conditions	of	sub-optimal	ab	T	cell	
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responses.	This	potent	and	speedy	selection	and	amplification	of	gd	T	cells	may	also	suggest	
they	have	important	roles	in	regulating	immunity	against	malignancies	and	infection.	This	is	
the	basis	of	recent	haploidentical	HSCT	protocols	where	gd	T	cells	are	left	in	the	graft	(after	
depletion	of	ab	T	cells	and	B	cells)	to	improve	the	immune	fitness	of	the	patients5.	Indeed,	
numbers	 of	 gd	 T	 cells	 after	 transplantation	 are	 known	 to	 correlate	 with	 disease-free	
survival6.	Interestingly,	gd	T	cells	numerically	do	not	appear	to	take	advantage	of	the	‘space’	
created	by	the	slower	ab	T	cell	 reconstitution	–	what	restrains	gd	T	cells	 to	an	average	of	
about	50	cells	per	µl	blood	in	humans	is	completely	unknown.	Once	the	gd	T	cell	repertoire	
reconstituted,	it	again,	as	in	normal	healthy	adults,	remained	very	stable	over	the	course	of	
the	 180	 days	 study.	 Although	 the	 reconstituted	 repertoire	 resembled	 the	 pre-
transplantation	 repertoire	 in	 terms	 of	 V-segment	 usage	 and	 complexity,	 the	 gd	 TCR	
repertoire	was	 clearly	 fundamentally	 changed	 and	 showed	 little	 overlap	with	 either	 host	
pre-transplantation	repertoire	or	donor	lymphocyte	repertoire.	This	indicates	that	gd	T	cells	
can	 quickly	 regenerate	 de	 novo	 in	 the	 transplant	 patients	 with	 a	 similar	 imprinted	
recombination	bias	as	before	transplant,	although	this	ultimately	produces	a	clonotypically	
different	TCR	repertoire,	revealing	a	partly	stochastic	nature	of	the	selection.	This	resembles	
the	NK	cell	repertoire’s	stochastic	acquisition	of	self-reactive	‘hard-wired’	receptors,	which	
also	creates	a	diverse	NK	repertoire	but	with	predictable	recognition	modalities.							
	
A	 fundamental	 yet	 unanswered	 question	 in	 gd	 T	 cell	 biology	 is	 whether	 gd	 T	 cells	 are	
activated	in	a	polyclonal	‘innate-like’	or	in	an	antigen-specific	clonal	‘adaptive’	manner.	Data	
in	mice	have	favoured	the	former,	 leading	to	the	concept	of	 ‘lymphoid	stress-surveillance’	
by	tissue-resident	gd	T	cells7,	 8.	The	study	by	Ravens	et	al.	using	 longitudinal	monitoring	of	
allo-HSCT	 patients	 offered	 an	 opportunity	 to	 address	 this	 in	 regards	 to	 gd	 T	 cell	
responsiveness	 to	 human	 cytomegalovirus	 (CMV).	 CMV	 infects	 a	 large	 proportion	 of	 the	
population	 worldwide	 and	 although	 it	 establishes	 host	 persistence	 without	 detectable	
symptoms	 in	 immunocompetent	 individuals,	 CMV	 can	 be	 life-threatening	 in	
immunocompromised	patients	 and	 the	 young.	Reactivation	of	persistent	CMV	 is	 common	
following	transplantation	and	is	associated	with	decreased	overall	survival.	Ravens	et	al.	find	
CMV	reactivation	occurs	between	25-60	days	after	 transplantation	and	gd	TCR	repertoires	
were	 thus	monitored	before	and	after	CMV-reactivation	and	could	be	compared	 to	CMV-
free	patients.	The	resulting	data	are	striking:	CMV	reactivation	causes	strong	perturbations	
in	the	already	established	gd	TCR	repertoire	and	robust	clonal	expansions	of	a	single	or	few	
gd	T	cell	clones	per	patient,	precisely	correlating	with	virus	activation	(Fig.	1).	Furthermore,	
by	 performing	 single-cell	 sequencing	 and	 comparing	 with	 the	 NGS	 data,	 the	 authors	
demonstrate	 that	 the	 highly	 expanded	 clones	 in	 healthy	 controls,	 and	 especially	 in	
transplanted	 patients	 after	 CMV	 reactivation,	were	 uniformly	 nucleotide	 identical.	 This	 is	
strong	evidence	that	gd	T	cells	undergo	clonal	expansion	 in	 response	to	viral	 infection	–	a	
clear	 adaptive	 immune	 response.	 As	 shown	 previously,	 the	 CMV-expanded	 clones	 were	
mainly	within	the	Vg9–	and	Vd2–	cells9.	The	expanded	sequences	were	not	public	but	rather	
individual	to	each	patient,	although	several	of	them	shared	substantial	homology.	Davey	et	
al.	also	analysed	the	influence	of	CMV-seropositivity	on	Vd2–	repertoires	and	equally	found	
CMV-seropositive	individuals	to	have	decreased	diversity,	however	they	showed	that	CMV-
seronegative	 individuals	 can	 also	 exhibit	 extreme	 clonotypic	 focussing	 and	 that	 this	 a	
common	 feature	 of	 the	 Vd1+	 and	 Vd2–	 repertoire	 (in	 contrast	 to	 Vd2+	 gd	 T	 cells,	 which	
undergo	polyclonal	expansion	after	birth).	Vd1+	T	cells	are	expanded	in	the	blood	not	only	in	
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CMV	infection	but	also	 in	HIV+	patients10	and	 in	cancer11.	The	expansion	 in	blood	of	these	
unusual	clones,	raises	the	question	of	whether	tissue	gd	T	cells	contribute	to	the	response?	
Human	tissue	gd	T	cells	are	rather	different	from	the	majority	of	blood	gd	T	cells	and	do	not	
express	 Vg9	 or	 Vd2,	 but	more	 commonly	 Vd1.	 How	 the	 expanded	 Vd2–	 cells	 analysed	 in	
these	 studies	 relate	 to	 the	 tissue	 Vd2–	 gd	 T	 cells	 is	 unclear.	We	 still	 know	 relatively	 little	
about	human	tissue-resident	gd	T	cells	and	their	TCR	repertoire	 is	yet	 to	be	sequenced.	 Is	
the	 CMV-induced	 expansion	 shown	 here	 a	 result	 of	 activation	 of	 tissue	 gd	 T	 cells	 in	 the	
chronically	infected	tissues?	Do	Vd2–	gd	T	cells	migrate	between	tissue	and	blood	and	serve	
as	 a	 reservoir	 for	 blood	 gd	 T	 cells	 in	 time	of	 need?	 In	mice,	 tissue-resident	 gd	 T	 cells	 are	
highly	 radio-resistant,	 if	 this	 is	 true	 for	 human	 tissue	 gd	 T	 cells,	 is	 the	 expansion	 a	 recall	
response	 of	 effector	memory	 Vd2–	 gd	 T	 cells	 already	 residing	 in	 the	 tissue	 (a	 population	
which	 would	 not	 be	 evident	 on	 the	 blood	 repertoire	 analysis	 post-transplant,	 pre-CMV-
reactivation)?	Davey	et	al.	 found	 that	 the	 focussed	expanded	 clonotypes	were	associated	
with	an	effector	memory	phenotype	while	the	diverse	clones	were	phenotypically	naive.	If	
the	clonotypic	expansion	represents	‘memory’,	does	CMV	(or	similar	challenges)	shape	the	
repertoire	 of	 tissue	 Vd2–	 gd	 T	 cells	 during	 ontogeny?	 It	 would	 be	 interesting	 to	 attempt	
repertoire	analysis	of	human	tissue	gd	T	cells	in	a	similar	manner	to	Ravens	et	al.	and	Davey	
et	al.,	which	would	further	inform	the	contribution	of	the	TCR	to	gd	T	cell	function.				
	
It	 is	 clear	 that	 certain	 gd	 T	 cells	 expand	 in	 response	 to	 CMV	 reactivation	 in	 an	 apparent	
‘adaptive’	 immune	 response	 manner	 (albeit	 an	 unconventional	 adaptive	 response,	 being	
MHC-unrestricted).	 However,	 what	 are	 they	 reacting	 to?	 It	 is	 unclear	 whether	 they	 are	
directly	 responsive	 to	 viral	 antigens	 or	 to	 viral-induced	 self-antigens.	 Data	 from	 several	
other	studies	collectively	supports	that	they	rather	recognise	stress-induced	self-antigen(s)8,	
and	repertoire	amplification	biased	towards	recognition	of	common	antigens	makes	sense.	
Selection	 and	 amplification	 of	 public	 clonotypes	 is	 an	 important	 and	 common	 way	 for	
shaping	 TCR	 repertoires	 and	 is	 used	 by	 NKT	 and	 MAIT	 cells.	 The	 CMV-reactive	 clones	
observed	by	Ravens	et	al.	represents	a	heterogeneous	mix	of	Vd1,	Vd3	and	unconventional	
Vd2	clones,	however	the	high	nucleotide	homology	suggests	a	public	sequence	reactive	to	
CMV-activation.	 If	 they	 recognise	 stress-induced	 self-antigen	 –	 can	 such	 a	 sequence	 be	
expanded	 in	response	to	other	pathogen	challenges	or	states	of	dysregulated	self?	That	 is	
the	 conceptual	 framework	 for	 tumor	 recognition	 by	 conventional	 Vg9Vd2	 T	 cells,	 which	
seemingly	use	public	Vg9JP+	 sequences	 to	 respond	 to	phosphoantigen	accumulation	upon	
over-activation	of	the	mevalonate	pathway3	(which	can	occur	during	a	plethora	of	distinct	
challenges).	The	advantage	of	 such	a	public	 repertoire	 (possibly	pre-existing	 in	 the	 tissue)	
capable	of	responding	to	single	antigen(s),	is	faster	kinetics	of	the	response	–	and	thereby	a	
greater	chance	of	host	survival.	This	strategy	is	rather	‘innate’	in	nature	and	exemplifies	how	
the	gd	 T	 cell	 response	 is	 a	dynamic	 system	embodying	both	 innate	and	adaptive	 immune	
strategies	–	the	yin-yang	duality	and	complementarity	that	produce	a	superior	response.	
	
COMPETING	FINANCIAL	INTERESTS	
B.S.-S.	is	co-founder	and	shareholder	of	Lymphact	–	Lymphocyte	Activation	Technologies	
S.A.	JS	declare	no	competing	financial	interests.	
	
	



	 4	

Figure	 legend:	Figure	1:	 ‘The	spotty	 ladies’	 illustrating	the	focusing	of	the	blood	gd	T	cell	
repertoire	 during	 development	 and	 the	 dynamic	 changes	 occurring	 upon	 active	 CMV	
infection.	
The	blood	gd	T	cell	repertoire	is	more	diverse	in	neonates	showing	abundant	use	of	a	variety	
of	both	Vg	and	Vd	TCR	chains,	including	Vg2,	Vg3,	Vg4	and	Vg5	in	addition	to	Vg9	as	well	as	
Vd1,	Vd3	and	Vd5	in	addition	to	Vd2.	In	the	adult,	the	gd	TCR	repertoire	is	more	restricted	
and	 is	 dominated	 by	 Vg9	 and	 Vd2	 chain	 usage	 and	 contains	 a	 high	 abundance	 of	 clones	
using	the	Vg9JP	segment.	Upon	challenge	from	CMV,	the	blood	gd	TCR	repertoire	undergo	
rapid	and	dynamic	perturbations	with	large	expansions	of	a	few	mainly	Vg9-	and	Vd2-	gd	T	
cell	clones.	
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