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Supplemental figure 2 (a) and (b) Mean and standard deviation of upregulated and down regulated genes 
representing fetal signature.
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Supplementalcfigurec3ciscacBlue-PinkcO.gramcofcTCRc
signallingcpathwaycderivedcafterccomparingctranscriptionc
profilescofcnaivecCD4+cTccellscfromctheccordcbloodc(n=9)candc
peripheralcbloodc(n=9).

Supplemental figure 3
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(a)

(b)

P
o

st
 C

B
T

 
v
s

N
o

rm
al

 d
o

n
o

r 
ad

u
lt

 b
lo

o
d

P
o

st
 B

M
T

 
v
s

N
o

rm
al

 d
o

n
o

r 
ad

u
lt

 b
lo

o
d
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Supplemental figure  5

Supplemental(figure(5(Enrichment(map(of(upregulated(pathways(in(the(naive(cord(blood(CD4+(T(cells(Kn=9)(compared(with
naive(peripheral(blood(CD4+(T(cells(Kn=9).(The(relationship(of(TCR(and(MAPK(signalling(with(other(upregulated(pathways(is
shown.



Supplemental.figure.6.(a).Enrichment.map.of.biological.process.upregulated.in.the.naive.cord.blood.CD4+.T.cells.compared.
with.naive.peripheral.blood.CD4+.T.cells..Cell.cycle.and.apoptosis.were.the.two.dominant.biological.processes.upregulated.in.
the.naive.cord.blood.CD4+.T.cells.and.(b).these.biological.processes.were.upregulated.in.all.the.lymphopenic.conditions.and.
were.highly.upregulated.in.naive.CD4+.T.cells.after.T-replete.CBT.compared.with.T-replete.BMT..

Supplemental figure 6
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SupplementalAfigureA7Awa=AandAwb=ACFSEA
proliferationAassayAofAcordAbloodAandAperipheralA
bloodACD4+ATAcellsAinAresponseAtoAincreasingA
APC:T-cellAratioAofA1:1,A2:1AandA4:1.ATheA
proliferationAofAcordAbloodACD4+ATAcellsAwn=3=A
comparedAwithAperipheralACD4+ATAcellsAwn=3=A
wasAsignificantlyAenhanced.Awc=ACFSEAassayA
showingAinhibitionAofAcordAbloodACD4+AT-cellA
proliferationAatAdifferentAconcentrationsAofAAP-1A
inhibitor.ATheAinhibitoryAeffectAwasAproprotionalA
toAtheAincreasingAconcentrationAofAAP-1Ainhibitor.

(a)

p=NS

(b)

(e)

(c)

SupplementalPfigureP7P

%
Po

fP
m

ax

%
Po

fP
m

ax

%
Po

fP
m

ax
PPCordPblood
PPPPPPPPPPPPP

dayP0

4:1

2:1

1:1

PPPPAdultPblood

dayP0

4:1
2:1

1:1

APC:T-cellPratioP4:1P
PPPPPPPCordPbloodPPPPPPPPPPPPPPP

dayP0

A
P

-1
Pin

h
ib

it
o

rP
(n

g
/m

l)

100

0

PPP1

P10

A

A
P

C
:T

-c
el

lPr
at

io

A
P

C
:T

-c
el

lPr
at

io



Age at the

time of

transplant

HLA

matching

Immunosuppression

at the time of naïve

CD4+ T-cell

collection (2 months

post-transplant)

CD4+ T-cell count

on day 0

(per µL)

CD4+ T-cell count at

the time of cell

sorting (per µL)

BMT 1 9 years 10/10 Ciclosporin 0 180

BMT 2 1 year 10/10 Ciclosporin 0 390

BMT 3 5 years 10/10 Ciclosporin 0 440

CBT 1 1 year 8/10 Ciclosporin 0 320

CBT 2 4 months 7/10 Ciclosporin 0 600

CBT 3 9 months 10/10 Ciclosporin 0 210

Supplemental table 1 shows age, HLA matching, immunosuppression and CD4+ T-cell counts (day 0

and at the time-point when naïve CD4+ T cells were sorted) of bone marrow and cord blood

transplant recipients that contributed to the microarray samples. (CBT=cord blood transplant,

BMT=bone marrow transplant)



Gene Name Alternative name/function

FOS Fos proto-oncogene, AP-1 transcription factor subunit(FOS)

JUN Jun proto-oncogene, AP-1 transcription factor subunit(JUN)

SLC18A2 solute carrier family 18 member A2

TNFAIP3 TNF alpha induced protein 3

AUTS2 autism susceptibility candidate 2

RGS1 regulator of G-protein signaling 1

GZMA granzyme A

NFKBIA NFKB inhibitor alpha(NFKBIA)

IER2 immediate early response 2(IER2)

TNF tumor necrosis factor

Gene Name Alternative name/function

GBP5 guanylate binding protein 5(GBP5)

TSHZ2 teashirt zinc finger homeobox 2

ZNF204P zinc finger protein 204, pseudogene

SERPINB6 serpin family B member 6

NR3C2 nuclear receptor subfamily 3 group C member 2

Supplemental table 2 List of selected genes found overexpressed in cord blood and adult blood T
cells



Gene Name Alternative name/function

FOS Fos proto-oncogene, AP-1 transcription factor subunit(FOS)

JUN Jun proto-oncogene, AP-1 transcription factor subunit(JUN)

TNFAIP3 TNF alpha induced protein 3

RGS1 regulator of G-protein signaling 1

GZMA granzyme A

NFKBIA NFKB inhibitor alpha(NFKBIA)

PMAIP1 phorbol-12-myristate-13-acetate-induced protein 1

YARS tyrosyl-tRNA synthetase

CD69 CD69 molecule

PDE6G phosphodiesterase 6G

PPP1R15A protein phosphatase 1 regulatory subunit 15A

YBX3 Y-box binding protein 3

KLF6 Kruppel like factor 6

ZNF462 zinc finger protein 462

DACT1 dishevelled binding antagonist of beta catenin 1

DUSP1 dual specificity phosphatase 1

SGK1 serum/glucocorticoid regulated kinase 1

SERPINF1 serpin family F member 1

Supplemental table 3 List of selected genes found overexpressed in the naïve CD4+ T cells from
lymphopenic environment



Supplemental table 4 shows significant biological processes in naïve CB CD4+ T cells after

enrichment mapping (at p value < 0.005; fdr value < 0.1) of GSEA pathways



Supplemental methods

Preparation of RNA for microarray analysis

CD4+CD45RA+CCR7+ naïve T cells were sorted from blood samples of normal donor cord

blood and peripheral blood and transplant recipients. Naïve CD4+ T cells from the transplant

recipients without graft-versus-host disease and with 100% donor T-cell chimerism were

sorted two months after transplant. The sorted naïve CD4+ T cells were checked for high

purity (>98%), immediately resuspended in RNA lysis buffer (RNAeasy mini-kit) and stored

at -80°C. RNA was isolated according to the manufacturer’s protocol (RNAeasy mini-kit)

and yield was determined on a Nanodrop spectrophotometer (Thermo Scientific, Wilmington,

DE). The samples that had an appropriate yield (typically >10 nanograms total RNA) were

subsequently analyzed for RNA integrity using an Agilent Bioanalyzer (Agilent 2100,

Agilent Technologies, Santa Clara, CA). RNA of high quality was converted to cDNA and

amplified (NuGEN WT-Ovation, NuGEN, San Carlos, CA), purified to remove residual

RNA (QIAquick PCR purification kit, Qiagen, Valencia, CA), fragmented (NuGEN WT-

Ovation Kit), and labelled (FL-Ovation cDNA biotin module, NuGEN) for microarray

analysis. The fragmented and labelled cDNA was hybridised to microarray chips (Affymerix

HuGene ST 1.0 arrays). The hybridization of samples and data acquisition was performed by

the Department of Genomics at University College London.

Gene set enrichment analysis

The default metric of signal to noise ratio was used to rank the differentially expressed genes.

The three datasets were pooled and combatted to identify the differentially expressed gene

pathways in naïve CD4+ T cells from normal donor cord blood vs peripheral blood. When

GEPs from the same experiment were compared, Combat function was not used. Thus, for

identifying differentially expressed gene pathways in reconstituting naive CD4+ T cells



following CBT and BMT uncombatted GEP's were compared with naive CD4+ T cells from

volunteer adult donors. Similarly, uncombatted GEP's of reconstituting naive CD4+ T cells

following CBT were compared with those following BMT to identify the pathways that may

endow enhanced reconstituting ability to CB CD4+ T cells.

The Biocarta and KEGG gene set pathways were used to identify the differentially expressed

canonical pathways, and biological gene sets were used to identify differentially expressed

biological processes. Cytoscape software was used to perform enrichment mapping of the

pathways upregulated at p values < 0.005 and false discovery rate values < 0.1.

Microarray data analysis – Quality control and statistical analysis

Assessment of hybridization quality was performed using the Bioconductor package

affyPLM.1 The preprocessing of the Affymetrix dataset adhered to the following procedures:

background correction, normalization using the quantile method and summarization of probe

set values using the RMA method (Robust Multi-array Average). The latter process fitted a

specified robust linear model to the probe level data.

The probe sets were mapped to genes using the Bioconductor package

AnnotationDbi.2 Where multiple probe sets representing a gene were available, the probe

with maximum average value was chosen. Thus, we identified 17,522 genes common to the

Affymerix HuGene ST 1.0 and Affymetrix Human Genome U133 Plus 2.0 platform.

The dataset of 17,522 genes was combatted to remove the batch effects using Combat

function in R as previously described.3 Three-dimensional principal component analysis was

performed on the combatted datasets using DUDI.PCA function. Hierarchical clustering of

gene expression samples on combatted dataset was performed using the ward agglomerative

hierarchical method.



The differentially expressed genes were identified by comparing the uncombatted data from

each individual experiment. The Bioconductor package limma - a “moderated t test”

application was used and unpaired or paired analysis was performed to identify differentially

expressed genes.4 Significant genes were identified using a threshold of p< 0.05 and a fold-

change ≥ 2. All analysis was performed using R (cran.r-project.org) and Bioconductor 

(www.bioconductor.org).

Proliferation assay

CD3+ T cells were positively selected from cord blood and peripheral blood mononuclear

cells using human CD3+ microbeads from Milteyni (130-050-101). The cells were incubated

at 37oC with 10μM carboxy-fluorescein diacetate succinimidyl ester (CFSE; Invitrogen) in 

X-VIVO 10 for seven minutes. CFSE-labelled CD3+ T cells were washed three times in X-

VIVO 10 containing 10% Human AB serum to remove the excess CFSE. The cells were then

suspended in X-VIVO 10 media and incubated at the appropriate concentration in 96-well

round bottom plates.

We studied the role of TCR signalling in cord blood CD4+ T cell proliferation by co-

culturing CFSE-labelled cord blood and peripheral blood T cells with CD3-negative cells

from the same donors (self antigen-presenting cell fraction (APC)) at an APC:T cell ratio of

1:1, 2:1 and 4:1 for seven days.

The role of upregulated transcription factor complex AP-1 was tested by inhibiting AP-1 with

a small molecule inhibitor SR 11302 from R and D systems. CFSE-labelled cord blood CD3+

T cells were cocultured with CD3-negative cells from the same donor at an APC:T cell ratio

of 4:1. The inhibition of proliferation with 1, 10 and 100 ng/ml of AP-1 inhibitor was

assessed after seven days.



CD4+ T cells were labelled with BV-605 anti-human CD4 antibody (Biolegend) and a

minimum of 1000 CD4+ events were acquired on LSR BD II flow cytometer. These events

were analysed using Flowjo software and are shown as histogram in Figure 6.
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