
HAL Id: hal-03869640
https://hal.science/hal-03869640

Submitted on 24 Nov 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

HLA-H*02:07 Is a Membrane-Bound Ligand of
Denisovan Origin That Protects against Lysis by

Activated Immune Effectors
Lucas Hubert, Julien Paganini, Christophe Picard, Jacques Chiaroni, Laurent

Abi-Rached, Pierre Pontarotti, Julie Di Cristofaro

To cite this version:
Lucas Hubert, Julien Paganini, Christophe Picard, Jacques Chiaroni, Laurent Abi-Rached, et al..
HLA-H*02:07 Is a Membrane-Bound Ligand of Denisovan Origin That Protects against Lysis by
Activated Immune Effectors. Journal of Immunology, 2021, 208 (1), pp.49-53. �10.4049/jim-
munol.2100358�. �hal-03869640�

https://hal.science/hal-03869640
https://hal.archives-ouvertes.fr


Publication Charges and Reprints 
 

There  has  been  a  change  in  our  author  billing  and  reprint  ordering 
system. Publication  charges  and  reprint  orders  are  now  handled  by 
Dartmouth Journal Services using a web‐based system.  
 
Within  the  next  24  hours  you  will  receive  an  e‐mail  from 
aubilling.djs@sheridan.com.  This  e‐mail will  include  a  link  to  an  online 
reprint order  form and to an estimate of your publication charges. From 
this secure website you will be able to review the estimated charges for 
your  article  and order  reprints. Please  log  in  to  this website  as  soon  as 
possible  to  ensure  that  there  will  be  no  delay  to  your  article  being 
published.  
 
Please  note  that  this  is  a  change  in  procedure. If  you  have  questions 
regarding  this  change,  about  the  e‐mail  you will  receive,  or  about  the 
website, please contact aubilling.djs@sheridan.com or call 802‐882-1655.  
 



1

1. Update to Adobe Acrobat Reader DC
The screen images in this document were captured on a Windows PC running Adobe Acrobat Reader DC. Upgrading to the 
newest version is not always necessary, but it is preferable, and these instructions apply only to Adobe Acrobat Reader DC. 
You can also create annotations using any version of Adobe Acrobat. Adobe Acrobat Reader DC can be downloaded at no 
cost from http://get.adobe.com/reader/

2. What are eProofs?
eProof files are self-contained PDF documents for viewing on-screen and for printing. They contain all appropriate formatting 
and fonts to ensure correct rendering on-screen and when printing hardcopy. SJS sends eProofs that can be viewed, anno-
tated, and printed using either Adobe Acrobat Reader or Adobe Acrobat. 

3. Show the Comment Toolbar
The Comment toolbar isn’t displayed by default. To display it, choose View > Tools > Comment > Open.

Pilgrim Five, Suite 5
5 Pilgrim Park Road

Waterbury, VT 05676

Annotating PDFs using Adobe Acrobat Reader DC
Version 1.7   June 27, 2016

Refer to Page 2 for  
annotation examples. 

4. Using the PDF Comments menu
To insert new text, place your cursor where you would like to insert the new text, 
and type the desired text. To replace text, highlight the text you would like to 
replace, and type the desired replacement text. To delete text, highlight the text 
you would like to delete and press the Delete key. 

Acrobat and Reader will display a pop-up note based on the modification (e.g., 
inserted text, replacement text, etc.). To format text in pop-up notes, highlight the 
text, right click, select Text Style, and then choose a style. A pop-up note can be 
minimized by selecting the X button inside it.  When inserting or replacing text, 
a  symbol indicates where your comment was inserted, and the comment is 
shown in the Comments List. If you do not see the comments list, you are 
editing the live text instead of adding comments, and your changes are not 
being tracked. Please make certain to use the Comments feature instead. 

5. Inserting symbols or special characters
An insert symbol feature is not available for annotations, and copying and 
pasting symbols or non-keyboard characters from Microsoft Word does not 
always work. Use angle brackets < > to indicate these special characters (e.g., 
<alpha>, <beta>).

6. Editing near watermarks and hyperlinked text
eProof documents often contain watermarks and hyperlinked text. Selecting 
characters near these items can be difficult using the mouse. To edit an eProof 
which contains text in these areas, do the following:	

• Without selecting the watermark or hyperlink, place the cursor near the area 
for editing.

• Use the arrow keys to move the cursor beside the text to be edited.
• Hold down the shift key while simultaneously using arrow keys to select the 

block of text, if necessary.
• Insert, replace, or delete text, as needed.

7. Reviewing changes
To review all changes, open the Comment menu and the Comment List is displayed.	
	 Note: Selecting a correction in the list highlights the corresponding item in 
the document, and vice versa.

8. Still have questions?
Try viewing our brief training video at  
https://authorcenter.dartmouthjournals.com/Article/PdfAnnotation



2

A. Inserted text

B. Replaced text

C. Deleted text

D. Sticky Note

B

C

D

A



 

 HLA-H*02:07 Is a Membrane-Bound Ligand of DenisovanQ:1,2,3,4

Origin That Protects against Lysis by Activated ImmuneQ:5,6,7,8

EffectorsQ:9,10

Lucas Hubert,*,† Julien Paganini,‡ Christophe Picard,*,† Jacques Chiaroni,*,†

Laurent Abi-Rached,§,{ Pierre Pontarotti,§,{ and Julie Di Cristofaro*,†

The biological relevance of genes initially categorized as “pseudogenes” is slowly emerging, notably in innate immunity. In the
HLA region on chromosome 6, HLA-H is one such pseudogene; yet, it is transcribed, and its variation is associated with immune
properties. Furthermore, two HLA-H alleles, H*02:07 and H*02:14, putatively encode a complete, membrane-bound HLA
protein. Here we thus hypothesized that HLA-H contributes to immune homeostasis similarly to tolerogenic molecules HLA-G,
-E, and -F. We tested if HLA-H*02:07 encodes a membrane-bound protein that can inhibit the cytotoxicity of effector cells. We
used an HLA-null human erythroblast cell line transduced with HLA-H*02:07 cDNA to demonstrate that HLA-H*02:07 encodes a
membrane-bound protein. Additionally, using a cytotoxicity assay, our results support that K562 HLA-H*02:07 inhibits human
effector IL-2�activated PBMCs and human IL-2�independent NK92-MI cell line activity. Finally, through in silico genotyping of
the Denisovan genome and haplotypic association with Denisovan-derived HLA-A*11, we also show that H*02:07 is of archaic
origin. Hence, admixture with archaic humans brought a functional HLA-H allele into modern European and Asian populations. The
Journal of Immunology, 2021, 208: 1�6.

The HLA region is the most polymorphic region of the
human genome, displaying a breadth of functional diversity,
in particular for the HLA proteins themselves thanks to their

extreme allotypic diversity. This region also encompasses many
pseudogenes (1�3) (i.e., genes considered as defective and that are
often derived from functional genes through processes such as retro-
transposition of processed mRNAs or segmental duplications).
Although both processes are associated with genome plasticity, their
typical product, pseudogenes, is generally considered nonfunctional.
However, an increasing number of studies identify functional pro-
cesses attributable to pseudogenes, and direct investigations reveal
biological roles, notably in innate immunity (4). Yet, the potential
expression and function of the pseudogenes described in the HLA
region are largely unexplored.
HLA-H was defined as a nonfunctional gene, notably because of

its genetic deletion in a significant fraction of the population (5�8).
The 50-kb deletion encompassing HLA-H is observed at a frequency
of >10% in all continents and reaches 21% in East Asia (9).
Currently, 19 HLA-H alleles with a distinct sequence in the exons

are described (10). These alleles display open reading frames rang-
ing from 18 to 362 aa. All potential HLA-H allotypes lack the cyste-
ine at codon 164 reported to be critical for the disulfide bond of the
a2 domain; this feature was put forward to classify HLA-H as

nonfunctional (3). Of these 19 alleles, 2 (HLA-H*02:07 and
H*02:14) putatively encode a complete, membrane-bound HLA
protein (9). Interestingly, early data on the distribution of H*02:07
in modern populations and high linkage disequilibrium (LD) with
HLA-A*11 are both consistent with H*02:07 having been intro-
duced into modern human populations on one of the HLA haplo-
types that are of Denisovan origin (11).
HLA-H*02:07 and H*02:14 alleles and putative products are

highly related to the HLA-G molecule (9). HLA-G is a nonclassical
HLA class I molecule (HLA-Ib; a group that also includes HLA-E
and -F) that is well described for its tolerogenic activity in a clinical
context. Indeed, HLA-G ligand modulates NK cell and CTL-medi-
ated activity as well as B-lymphocyte proliferation through its interac-
tion with the inhibitory receptors LILRB1, LILRB2, and KIR2DL4
(reviewed in [12]).
HLA-H transcriptional activity was characterized in PBMCs and

human bronchial epithelial cells (13�16). HLA-H immune proper-
ties were also supported by different observations. An indirect role
in HLA-E expression was shown, for example, because HLA-H’s
signal peptide mobilizes in vitro HLA-E to the cell surface (16),
similarly to what is observed for other HLA molecules as well as
for stress and virus peptides (17, 18). HLA-H absence may also
impair immune-tolerance equilibrium: In lung transplant patients,
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the HLA-G*01:04 allele, in LD with the HLA-H deletion, was asso-
ciated with de novo donor-specific Ag (19). The potential tolerogenic
function of the H*02:07 protein is supported by its association,
through its full LD with the HLA-A*11 allele, with higher risk of
lung cancer (15).
We hypothesize that HLA-H contributes to immune homeostasis

similarly to tolerogenic molecules HLA-G, -E, and -F (20�26) and
that HLA-H*02:07 is expressed as a functional, immune-tolerant,
membrane-bound HLA molecule. Here we thus aimed to study
membrane expression of HLA-H*02:07 in an HLA-null cell line
and its potential function as an immune modulator in a cytotoxicity
assay. HLA-G, which protects against NK cell cytotoxicity (27),
was used as positive control. We also investigated, through the study
of the Denisovan HLA-H locus, the possibility that HLA-H*02:07 is
of Denisovan origin and was introduced into modern populations in
Asia by Denisovan admixture.

Materials and Methods
HLA-H and HLA-G K562 transduction

HLA-H*02:07 membrane expression was explored by transduction of HLA-
H*02:07 cDNA in the K562 human erythroleukemic cell line that displays a
reduced expression of HLA class I. HLA-G*01:01 cDNA transduction was
used as a positive control. The K562 (ACC86) cell line was obtained from
the German Collection of Microorganisms and Cell Cultures (Leibniz Insti-
tute DSMZ, Braunschweig, GermanyQ:12 ). HLA-H*02:07 and HLA-G*01:01
cDNAs optimized for protein expression (Gene Optimizer Assisted; Invitro-
gen) were cloned in the pWPXL expression vector (Addgene).

K562 cells were transduced with lentiviral particles. Lentiviral particles
were harvested at days 1 and 2 after transfection of 25 � 106 HEK adherent
cellsQ:13 at 60% of confluence with 12.5 mg of pMDG (envelope vector), 25 mg
of p8.91 (packaging vector), and 50 mg of pWPXL containing cDNA, 100
mM NaCl, and 1 mM polyethylenimine (Sigma-Aldrich). Lentiviral particles
were concentrated by centrifugation at 9700 Rpm for 1 h 30 min in polyeth-
ylene glycol 10% (PEG 8000; Fluka BiochemikaQ:14 ). K562 were transduced
with lentiviral particles containing HLA-H*02:07 or HLA-G*01:01 and
expanded.

Transcriptional expression of HLA-H and HLA-G transgenes in K562
cells was assessed by quantitative PCR. Total RNA from transduced K562
cells and wild-type K562 cells (negative control) was isolated using the
RNeasy kit (Qiagen, Courtaboeuf, FranceQ:15 ). cDNA was reverse transcribed
using Superscript III Reverse Transcriptase (Invitrogen).

Real-time PCR analyses were performed with lentivirus-specific transgene
(WPRE gene) primers, Albumin gene primers were used as a reference (28). A
primer specific to HLA-H cDNA was also included in the analysis (T1 Table I).

Each experiment was carried out in duplicate, and average cycle threshold
(Ct) was calculated with StepOne 2.1 software (Invitrogen), excluding Ct
duplicates with an SD >0.5.

HLA-H and HLA-G membrane expression

HLA-H protein expression at the cell surface was assessed by flow cytome-
try. HLA-G expression was used as a positive control; wild-type K562 cells
were used as a negative control. HLA-H and HLA-G membrane-bound pro-
teins were stained by mouse IgG1 Ab clone W6/32-PE (anti�HLA class I;
Invitrogen) and mouse IgG1 Ab clone B2M-01-PE (anti b2-microglobulin;
Invitrogen). The isotype control used was mouse IgG1 Ab clone 679.1Mc7-
PE (Beckman Coulter).

Data were acquired on a Cytoflex machine (Beckman Coulter) and ana-
lyzed with CytExpert software 2.3 and Kaluza Analysis 2.1. Membrane
expression was estimated by mean fluorescence intensity (MFI).

HLA-H immunomodulation analysis

The capacity of membrane-bound HLA-H to inhibit the cytotoxic activity
of immune effector cells was assessed by a cytotoxicity assay on target
cells. Transduced and wild-type K562 cells were used as target cells, and
IL-2�activated PBMCs or the NK92-MI cell line (an IL-2�independent
NK cell line derived from the NK-92 cell line) were as effector cells.

The K562 cells display a reduced expression of HLA ligand for
inhibitory NK receptors and high expression of ligands for activating
NK receptors. Thus, activated immune effector cells exert a cell-medi-
ated cytotoxic activity on K562 cells (target), which can be suppressed
by engagement of inhibitory receptors expressed on the immune effec-
tors (29). HLA-H*02:07 K562�transduced cells were used to explore

the capacity of the HLA-H*02:07 membrane-bound molecule to inhibit
cytotoxic activity. HLA-G*01:01 K562�transduced cells were used as a
positive control, and wild-type K562 cells were used as a reference (27).

The cytotoxicity assay was conducted using an xCELLigence Real-Time
Cell Analyzer (Agilent Technologies). This assay allows monitoring of real-
time target cell growth and lysis in a 96-well plate. Target cells are attached
to well bottoms by a specific Ab. Each well bottom integrated microelec-
tronic cell sensor arrays that measure impedance. Impedance at the well bot-
tom varies according to target cell attachment. An increase in impedance
reflects target cell growth, whereas a decrease reflects target cell lysis.
Impedance is expressed as cell index (30).

Fifty thousand K562 target cells were seeded into each well coated with
anti-CD71 Ab (IMT assay anti-CD71 tethering kit; Agilent Technologies).
Target cell growth was monitored until the plateau phase was reached, and
effector cells were then added (E:T ratio 2:1) (31).

Experiments were conducted with different effector cells: primary IL-2
activated PBMCs or the IL-2�independent NK92-MI cell line. Effector
PBMCs were isolated from EDTA peripheral blood samples by density gra-
dient centrifugation (Lymphoprep solution; STEMCELL Technologies) and
cultured in stromal vascular fraction�supplemented RPMI Q:16. PBMCs were
activated by 100 IU/ml of recombinant human IL-2 (rhIL-2) for 24 h (Life
Technologies). The IL-2�independent NK92-MI cell line (CRL-2408; Amer-
ican Type Culture Collection) was cultured in NK MACS medium (Miltenyi
Biotec) supplemented with serum from an AB donor.

Effector cells (25 � 103 Q:17) were added (t0), and cell lysis was monitored
every 15min for 24 h (t24). Target cell lysis was assessed by the slope (cell
index t0 to t24) and compared between assay and negative and positive con-
trols. All experiments were conducted in a humidified incubator at 37�C
with 5% CO2. Each experiment was carried out in duplicate.

Characterization of the Denisovan HLA-H alleles

To investigate the Denisovan HLA-H content, all HLA class I�related reads
were first isolated from the whole-genome sequences (32) using Bowtie 2
(33).

Initial HLA-H allelic assignment was performed with the PolyPheMe soft-
ware (Xegen, Gemenos, France) (34) using the IPD-IMGT/HLA Database
3.43.0 as s reference (35) (Supplemental Table I). The HLA-H allelic typing
accuracy of PolyPheMe software was previously validated (9, 36). Briefly,
HLA-H typing was first validated on 25 individuals by comparing typing
results from exome sequence data from the 1000 Genomes Project with typ-
ing results generated by a resequencing by next-generation sequencing Q:18on
the original genomic DNA samples (9). Then, HLA-H typing accuracy was
confirmed by comparing HLA-H full gene typing results by two independent
next-generation sequencing methods and two independent types of software
(PolyPheMe, Xegen; and AlloSeq Assign software, CareDx, Fremantle, Aus-
tralia Q:19) (36).

Following this HLA-H allelic assignment, the two predicted HLA-H alleles
were checked by remapping the HLA class I�related reads on the gene
sequences for these two alleles. Reads with differences from the reference
sequences were manually investigated to ensure specificity for the HLA-H
locus and discarded when they were not specific (Supplemental Table I).

HLA-H*02:07 worldwide distribution

HLA-H*02:07 worldwide distribution was visualized using HLA-H typing
data from the 1000 Genomes Project (9, 37). Additionally, HLA-A and HLA-
H types for 31 Melanesian individuals (38) defined with the PolyPheMe soft-
ware (Xegen) were added to the data from the 1000 Genomes Project. HLA-
H*02:07 allele frequency was estimated for each subpopulation (n 5 26)
according to individual genotype using the GENE[RATE] program (39).
HLA-H*02:07 allelic frequency data were plotted on a world map using
Mango software (https://mangomap.com/).

Statistical analyses

All association and correlation tests were performed with GraphPad Prism 9
software (GraphPad Software, La Jolla, CA). Differences between two
modalities were tested using a Mann-Whitney U test. Kruskal-Wallis one-
way ANOVA followed by a Dunn post hoc test was used to test more than
two modalities.

Results
HLA-H*02:07-transduced K562 cells express a membrane-bound
HLA protein

Lentiviral transduction of the K562 HLA-null cell line was used to
investigate membrane-bound expression of the HLA-H*02:07 allele.

127
128

129
130
131

132
133
134

135
136
137

138
139
140
141

142
143
144

145
146
147

148
149
150

151
152
153
154

155
156
157

158
159
160

161
162
163
164

165
166
167

168
169
170

171
172
173

174
175
176
177

178
179
180

181
182
183

184
185
186
187

188
189
190

191
192

193
194
195

196
197
198

199
200
201

202
203
204
205

206
207
208

209
210
211

212
213
214

215
216
217
218

219
220
221

222
223
224

225
226
227
228

229
230
231

232
233
234

235
236
237

238
239
240
241

242
243
244

245
246
247

248
249
250
251

252
253
254

2 HLA-H*02:07 ENCODES A MEMBRANE-BOUND HLA LIGAND

http://www.jimmunol.org/lookup/suppl/doi:10.4049/jimmunol.2100358/-/DCSupplemental
http://www.jimmunol.org/lookup/suppl/doi:10.4049/jimmunol.2100358/-/DCSupplemental
https://mangomap.com/
10018068
Note
italic

10018068
Note
NO italic

10018068
Note
italic

10018068
Note
italic

10018068
Note
italic



 

 

Transduction with the HLA-G*01:01 allele was used as a positive
control.
K562 cell transduction efficiency was first validated by quantify-

ing the lentivirus-specific transgene WPRE transcriptional activity
(28). Both HLA-H*02:07 K562 and HLA-G*01:01 K562 cells were
positive for WPRE transcription and showed quantitative PCR�posi-
tive amplification (DCtWPRE 5 �14). Wild-type K562 cells dis-
played no signal for WPRE assays.
HLA-H*02:07 K562 cell transduction was also validated by

HLA-H transcriptional activity (DCtHLA-H 5 10). Wild-type K562
cells displayed no signal for HLA-H assays.
Expression of membrane-bound HLA molecules by transduced

K562 cells was explored by flow cytometry using the anti-HLA
class I W6/32 Ab and the anti�b2-microglobulin Ab. The HLA-
G*01:01 K562 cells used as a positive control for membrane-
bound HLA expression displayed staining comparable to that of
HLA-H*02:07 K562 cells with W6/32-PE anti-HLA class I Ab
(MFI-HLA-H K562 5 95; MFI-HLA-G 5 70; MFI wild type 5 19;

F1 Fig. 1) and B2M-01-PE anti�b2-microglobulin (data not shown).

HLA-H*02:07-transduced K562 cells diminish IL-2�activated
PBMCs and IL-2�independent NK92 cell line cytotoxic activity

Inhibition of cell lysis by immune effectors was analyzed using a
real-time cytotoxicity assay conducted with K562 as target cells
(positive control: HLA-G*01:01 K562 cells; negative control: wild-
type K562 cells; assay: HLA-H*02:07 K562 cells) and IL-
2�activated PBMCs or the IL-2�independent NK92-MI cell line as
effector cells. Target lysis by IL-2�activated PBMCs showed no dif-
ference between HLA-G*01:01 K562 cells and HLA-H*02:07
K562 cells, whereas both were significantly different from wild-type
K562 cells (Kruskal-Wallis test; p 5 0.002; F2Fig. 2). HLA-G was
shown to protect against NK cell cytotoxicity (27). Target lysis by
the IL-2�independent NK92-MI cell line showed equivalent results
(Kruskal-Wallis test; p < 0.001; F3Fig. 3). Primary data for the assay
conducted with IL-2�activated PBMCs as effector cells are shown
in Supplemental Fig. 1.

HLA-H*02:07 is a Southeast Asian allele that is of Denisovan origin

To define worldwide HLA-H*02:07 distribution and investigate its
potential evolutionary origin, we analyzed its frequency in popula-
tions from the 1000 Genomes Project as well as in Melanesian indi-
viduals (Supplemental Table II) because the 1000 Genomes Project
does not cover Oceania. Worldwide HLA-H*02:07 distribution
(Supplemental Table III) is shown on a world map ( F4Fig. 4). HLA-H
in silico typing in 31 Melanesian individuals revealed an H*02:07
allele frequency of 4.8% (Supplemental Table III). This worldwide
analysis hence shows that the highest frequencies of H*02:07 are
observed in Southeast Asia, with a Chinese Dai population display-
ing the highest allelic frequency (37%).
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FIGURE 1. Flow cytom-
etry analysis with W6/32-
PE anti-HLA class I Ab.
HLA-H*02:07 K562 cells
(dark gray) and HLA-G*01:
01 K562 cells (striped gray)
displayed similar staining as
compared with wild-type
K562 cells (light gray)
staining. Unstained wild-
type K562 cells are repre-
sented by a dashed line.Q:22

Table I. Primer sequences used for lentiviral transduction expression
assessment

Primer Sequence

Albumin forward 59-TTTGCAGATGTCAGTGAAAGAGA-39
Albumin reverse 59-TGGGGAGGCTATAGAAAATAAGG-39
WPRE forward 59-GTCCTTTCCATGGCTGCTC-39
WPRE reverse 59-CCGAAGGGACGTAGCAGA-39
HLA-H forward 59-CTGGGTGTTTCTGTCCCAGT-39
HLA-H reverse 59-AGGCGAGCCTAGATTCATCA-39
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Because of this distribution and because H*02:07 is in full LD
with HLA-A*11:01 ([9] and Supplemental Table III) and HLA-A*11:
01 is of Denisovan origin (11), this raises the possibility that H*02:
07 is also of Denisovan origin. To test this possibility, HLA-H in sil-
ico typing was performed for the Denisovan genome with Poly-
PheMe software and showed the presence of H*01:01-like and
H*02:07-like alleles. Careful remapping of the Denisovan HLA class
I-related reads against reference gene sequences for H*01:01 and
H*02:07 (Supplemental Table I; IPD-IMGT/HLA Database 3.43.0)
confirmed the genotype H*01:01/H*02:07 with 99.5% and 100%
coverage, respectively. The Denisovan genome thus contains
H*02:07. Together with the facts that this allele is in full LD
with HLA-A*11:01 in modern human populations (9) and that
HLA-A*11-containing haplotypes are of Denisovan origin (11),
this shows that H*02:07 was brought into modern human popu-
lations by admixture with Denisovans.

Discussion
The pseudogene HLA-H locus displays 19 known alleles, two of
which, HLA-H*02:07 and H*02:14-, potentially encode a full-length
HLA protein (9). Because of HLA-H*02:07 transcriptional activity
and homology between its putative product and HLA-G molecule
(9, 16), we hypothesized that the H*02:07 allele encodes a func-
tional, membrane-bound HLA molecule and contributes to immune
regulation.
In this study, we show that HLA-H*02:07 cDNA is expressed as

a membrane-bound protein using an HLA-null erythroblast cell line
(K562) transduced with HLA-H*02:07 cDNA. Our results also sup-
port, using an in vitro cytotoxicity assay, that HLA-H*02:07 inhibits
effector cells as efficiently as HLA-G. Thus, the HLA-H*02:07 pro-
tein may have an immunotolerant function, like the nonclassical
molecules HLA-G, -E, and -F (20�26).
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FIGURE 3. Dynamic monitoring of cell lysis (xCELLigence assay). Tar-
get cells were cultured into 96-well E-plates until the plateau phase was
reached and NK-92 MI effector cells were added (t0). The method of deter-
mining the cell viability is the same as described in Fig. 2. Cell viability
was compared between assay (HLA-H*02:07 K562) and negative (wild-
type K562) and positive controls (HLA-G*01:01 K562) (Kruskal-Wallis
test; p < 0.001).

FIGURE 2. Dynamic monitoring of cell lysis (xCELLigence assay). Tar-
get cells were cultured into 96-well E-plates until the plateau phase was
reached. IL-2�activated effector PBMCs were added (t0). Impedance at
well bottoms was measured every 15min for 24 h and normalized to base-
line impedance values with medium only. Changes in impedance normal-
ized to t0 are given as cell index, and cell viability was expressed by the
slope from t0 to t24 and compared between assay (HLA-H*02:07 K562)
and negative (wild-type K562) and positive controls (HLA-G*01:01 K562)
(Kruskal-Wallis test; p 5 0.002).

FIGURE 4. Worldwide HLA-H*02:07 allele frequency (Mango software). Worldwide HLA-H*02:07 frequency from the 1000 Genomes Project popula-
tions (9, 37) and from Melanesian individuals (38) (Frequencies are given in Supplemental Table II.)
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We also explored HLA-H*02:07 evolution and show that the
allele was brought into modern humans through Denisovan admix-
ture. Indeed, HLA-H*02:07 is in full LD with HLA-A*11, an allele
of Denisovan origin (11), and our in silico HLA-H typing of the
Denisovan genome confirmed the presence of H*02:07 in combina-
tion with the presence of HLA-A*11. Interestingly, although Deniso-
van admixture contributed to 4�6% of present-day Melanesian
genomes (32) and a lot less in mainland Asia (<1% [40]), HLA-
H*02:07 is present in modern Asian genomes at a much higher fre-
quency, with an allele frequency >35% in a Chinese population.
Such a high HLA-H*02:07 allelic frequency is consistent with adap-
tive introgression of either H*02:07 or a variant at another locus
that would be present on H*02:07-containing haplotypes. No selec-
tion test could be performed on HLA-H allelic sequences because
coding polymorphism events are too uncommon (41). Similarly, the
full LD between HLA-H*02:07 and HLA-A*11:01 (9) prevents pre-
cise selection analyses.
Although our results support that HLA-H*02:07 is functional, it

has no known receptor to date. The tolerogenic HLA-G molecule
interacts with the inhibitory receptors LILRB1, LILB2, and
KIR2DL4. Accordingly, the HLA-H*02:07 molecule may be the
ligand of different receptors with differential affinity. Interestingly,
the fact that this variant was brought into modern humans through
Denisovan admixture raises the possibility that one of the corre-
sponding receptors may also have been brought by Denisovan
admixture into modern populations. For example, killer Ig-like
receptors are known receptors for HLA class I ligands, and one
such variant, KIR3DS1*013, was a candidate for introgression from
Denisovan (11).
The nonavailability of validated specific Ab directed against

HLA-H is a main limitation of our study. Such a tool would allow
HLA-H tissue expression exploration and functional confirmation
by blocking experimental investigation.
Nevertheless, our study illustrates how HLA pseudogenes deserve

dedicated studies to decipher their expression and their potential role
in immune homeostasis.
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11—Please confirm that all of the abbreviations and expansions are correct as they appear in the
abbreviations footnote. If any changes are needed, please ensure that the abbreviations and
their expansions in the footnote are consistent with those that are used in the text.

12—Please confirm or amend the city as edited in the sentence beginning “The K562
(ACC86)…”

13—Please confirm that “25 ( 106 HEK adherent cells…” and “envelope vector” have been
edited correctly in the sentence beginning “Lentiviral particles were harvested…” or
amend as needed.

14—Please confirm that “PEG 8000; Fluka Biochemika” is correct as edited in the sentence
beginning “Lentiviral particles were concentrated…”

767
768

769
770
771

772
773
774

775
776
777

778
779
780
781

782
783
784

785
786
787

788
789
790

791
792
793
794

795
796
797

798
799
800

801
802
803
804

805
806
807

808
809
810

811
812
813

814
815
816
817

818
819
820

821
822
823

824
825
826
827

828
829
830

831
832

833
834
835

836
837
838

839
840
841

842
843
844
845

846
847
848

849
850
851

852
853
854

855
856
857
858

859
860
861

862
863
864

865
866
867
868

869
870
871

872
873
874

875
876
877

878
879
880
881

882
883
884

885
886
887

888
889
890
891

892
893
894

10018068
Note
genetic nomenclature has been corrected through the text

10018068
Note
ORCID ARE CORRECT

10018068
Note
affiliation are not correctly edited, pls change into
*Aix-Marseille University, CNRS, EFS, ADES, "Biologie des Groupes Sanguins", Marseille, France

† Etablissement Français du Sang PACA Corse, Marseille, France

§Aix Marseille Univ, IRD, APHM, MEPHI, IHU-Mediterranée Infection, Marseille, France

10018068
Note
SURNAME ARE:
HUBERT
PAGANINI
PICARD
CHIARONI
ABI-RACHED
PONTAROTTI
DI CRISTOFARO

10018068
Note
Information are correct

10018068
Note
ok

10018068
Note
key points are correct

10018068
Note
affiliation are not correctly edited, pls change into

*Aix-Marseille University, CNRS, EFS, ADES, "Biologie des Groupes Sanguins", Marseille, France

† Etablissement Français du Sang PACA Corse, Marseille, France

§Aix Marseille Univ, IRD, APHM, MEPHI, IHU-Mediterranée Infection, Marseille, France


10018068
Note
canceropole should NOT be included
The sponsor is :
Etablissement Français du Sang
please replace "l'établissement" by "Etablissement'"

10018068
Note
OK

10018068
Note
OK confirmed

10018068
Note
OK confirmed

10018068
Note
OK confirmed



 

 

AUTHOR QUERIES

AUTHOR PLEASE ANSWER ALL QUERIES 2

15—Please confirm that Courtaboeuf” is correct as edited in the sentence beginning “Total RNA
from transduced…”

16—Has SVF been expanded correctly at its only mention in the sentence beginning “Effector
PBMCs were isolated…”?

17—Is “25 ( 103” correct as edited in the sentence beginning “Effector cells (25 (…”?

18—Has NGS been expanded correctly in the sentences beginning “Briefly, HLA-H typing..”
and “Then,HLA-H typing…”?

19—Is Fremantle correct as edited in the sentence beginning “Theen,HLA-H typing…”?

20—A response to this query is REQUIRED: Please confirm that all potential conflicts of interest
have been disclosed.

21—Should Ref. 39 be changed to read “Nunes, J. M. 2016. Using UNIFORMAT and GENE[R-
ATE] to analyze data with ambiguities in population genetics. Evol. Bioinform. Online
11(Suppl 2): 19�26.”? If so, please amend as needed.

22—If your proof includes figures, please check the figures in your proof carefully. If any
changes are needed, please provide a revised figure file.

895
896

897
898
899

900
901
902

903
904
905

906
907
908
909

910
911
912

913
914
915

916
917
918

919
920
921
922

923
924
925

926
927
928

929
930
931
932

933
934
935

936
937
938

939
940
941

942
943
944
945

946
947
948

949
950
951

952
953
954
955

956
957
958

959
960

961
962
963

964
965
966

967
968
969

970
971
972
973

974
975
976

977
978
979

980
981
982

983
984
985
986

987
988
989

990
991
992

993
994
995
996

997
998
999

1000
1001
1002

1003
1004
1005

1006
1007
1008
1009

1010
1011
1012

1013
1014
1015

1016
1017
1018
1019

1020
1021
1022

10018068
Note
OK confirmed

10018068
Note
SVF has not been expanded correctly:
it is 
Fetal Bovine Serum
SVF must be replaced by FBS

10018068
Note
yes

10018068
Note
yes

10018068
Note
yes

10018068
Note
yes

10018068
Note
yes

10018068
Note
Figure 1 should be reduced to fill with one column



 

 

Key Points

� HLA-H*02:07 encodes a membrane-bound protein.
� HLA-H*02:07 inhibits human effector cell activity.
� HLA-H*02:07 is of archaic origin.
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