JOB OFFER: Post-doctoral position for one year

(Possibility of renewal for a second year)

Posted on August 31, 2012

Description:

The successful candidate will have strong background in molecular biology (DNA extraction,
guantitative PCR...), immunology (cell separation based on immune markers...) and/or autoimmunity
research. We are looking for an applicant to investigate the role of natural microchimerism in

healthy individuals.

Due to lack of standardization among measurement and detection techniques, it has often been
difficult to assert a clear role for chimerism, natural or not, in autoimmunity or transplantation. Our
team developed a large panel of highly sensitive assays, based on Human Leukocyte Antigen (HLA)
polymorphisms, to detect and quantify foreign cells. We obtained a grant to create a platform
dedicated to detection and quantification of foreign cells.

The candidate will run this platform, develop new assays and study the role of fetal and/or maternal
microchimerism in health. The candidate will join a research group at the Institut National de la Santé
et de la Recherche Médicale (INSERM) involved for 20 years in autoimmunity, immunogenetics and
clinical research. The group is composed of several scientists and/or medical doctors, a technician, a
database manager and students. While knowledge of the French language is not required, English
proficiency is mandatory and strong communication and organization skills are expected.

Candidate profile: The applicant must have a PhD in the field of molecular biology, biomedical
engineering, immunology or genetics and apply as a post-doc from a non-French laboratory. He/she
must be non-French and less than 35 years old.

Workglace: MARSEILLE, Campus de Luminy, France

To apply: please send a CV and a letter of application to Nathalie C. Lambert
(nathalie.lambert@inserm.fr ) with “QuantiChimera application” in the subject area.



http://u1097-inserm.univ-mrs.fr/web/_ressources/gr_nl/plateforme_nl.pdf
http://u1097-inserm.univ-mrs.fr/web/_ressources/gr_nl/plateforme_nl.pdf
http://u1097-inserm.univ-mrs.fr/web/accueil/accueil.htm
http://www.youtube.com/watch?v=ZVsT75fkigI&feature=youtu.be
mailto:nathalie.lambert@inserm.fr
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Creation of a platform devoted to foreign cell identification and quantification
Acronym: QuantiChimera

Principal Investigator : Nathalie C. Lambert, CR1 INSERM

Starting date : 29/07/2012

Chimerism is the presence of foreign cells NATURAL ACQUISITION IATROGENIC ACQUISITION
genetically different in an individual. There are two
ways to acquire foreign cells: a natural way, through
pregnancy and an artificial way through organ or

cell transplantation, including blood transfusion
(Figure 1). Surprisingly, both chimerism can last for

Transplantation
decades following the natural or artificial event.
Natural chimerism, present in small quantities, called
Microchimerism (Mc), has been found in many
blood compartments and organ tissues and has
focused the attention of several researchers and

Twin to twin exchange Blood transfusion

physicians from multi-disciplinary fields such as —
autoimmunity, pregnancy, cancer, infectious  Figure 1- Possible acquisitions of foreign cells in
diseases. an individual.

Due to lack of standardisation among measurement and detection techniques, it has often been difficult to
assert a clear role for chimerism, natural or not, in autoimmunity or transplantation.

We developed highly sensitive tools, based on Human Leukocyte Antigen (HLA) polymorphisms, to detect
and quantify foreign cells.

1- OBJECTIVES

Based on our expertise on HLA Quantitative PCR assays, we have obtained the 2012 APEX
regional grant

1) To establish a platform devoted to the quantification and detection of chimeric cells in
our Inserm unit UMR1097 in Marseille, Luminy.

2) To further develop HLA class | -Quantitative PCR assays.

3) To better understand mechanisms of acquisition and maintenance of foetal and/or
maternal chimerism in healthy individuals.

’ 2- CONTEXT TO ESTABLISH THE QUANTICHIMERA PLATFORM

3-1 An increasing demand in several research fields:

Increasing interest for detection of foreign, or semi foreign, cells or DNA among physicians and researchers is
highlighted, in multi-disciplinary fields, by the emergence of numerous studies on the field. Between 1998 and
2002, a total of 922 studies were published on the topic of chimerism (Medline under the Mesh word
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chimerism, not including the 22, 000 studies on transplantation), whereas a 53% increase is noticeable for the
following five years. Finally, the creation of a new journal entitled Chimerism confirms the tendency
(http://www.landesbioscience.com/journals/chimerism).

3-2 An increasing demand to our INSERM team

Aware of our expertise in microchimerism detection, several French and foreign physicians/researchers
contacted us to test samples. We then evaluated natural chimerism in a child with juvenile dermatomyositis
(Dijon Hospital, France), in a child with DiGeorge anomaly (Angers University and Hospital Center, France), in
55 women with chronic renal diseases (Nice Hospital, France)[1], in a child with biliary atresia who developed
graft versus host reaction after liver transplant (La Timone Hospital, Marseille, France), in a man with a
scleroderma-like disease for whom foreign female cells were detected by fluorescence in situ in his peripheral
blood and maternal/fraternal origin needed to be confirmed (Bruxelles, Belgium) [2]. Investigators were
interested in pursuing the analysis on a larger number of patients, but we could not by lack of hands and
money.

3.3 A need at the European level

The need for standardization of detection and quantification of chimerism assays has been stressed by
several authors in different fields. A Concerted European action, Eurochimerism, worked to develop
standardized diagnostic methodology for the detection and monitoring of chimerism. It was initiated in 2002 to
define a common nomenclature for polymorphic microsatellite (STR) in the field of hematopoietic stem cells
transplantations (ESCT) and included leading laboratories from 10 European countries (see below
weaknesses of STR methods).

Although lack of common detection and quantification techniques has often been denounced in
microchimerism research, such initiative to standardize has never been done. Again, our platform will allow
evaluation and comparison of microchimerism/chimerism results between different centers.

The establishment of a platform devoted to the detection and quantification of
microchimerism will satisfy the active demand.

3- RATIONALE TO FURTHER DEVELOP HLA- CLASS | -TAQMAN PCR ASSAYS

4.1 In excellent position in the competition of quantification methods

Other investigators have developed quantitative PCR assays based on different polymorphisms to evaluate
chimerism and could be in competition with our service. However, up to now the only developed assays
available on the market as kits, or as services, are based on Short Tandem Repeat (STR) such as
AmpF/STR® Profiler Plus® amplification kit (Applied Biosystem) or BMT CHIMERISM KIT-FL (www.
Experteam.it). Such assays have been mainly developed for detection of donor chimerism after peripheral
blood stem cell transplantation.

STR strategies have two major limitations: 1) for an accurate assessment of chimerism several polymorphic
markers need to be tested when individuals are closely related (mother/child or siblings) which increase the
cost; 2) detection sensitivity generally ranges between 1 to 5% which is enough for chimerism detection but
not enough for microchimerism. These arguments are detailed in § 4.2.

A few investigators have developed HLA specific PCR assays based on the HLA mismatch between the
“‘donor” and the “recipient” [3,4,5]. Artlett et al. had a non-quantitative assay [4]. Garavito et al. and Reed et al.
used SYBR Green methods [3,5], which, although very good, are technically less specific than Tagman
assays. In SYBR green assays, a small molecule called intercalator: SYBR Green intercalates any double
stranded DNA generated at each new cycle of PCR amplification. In our Tagman method a specific
fluorogenic probe is added to the classical forward and reverse primers, which makes a higher specificity.
Moreover, the sensitivity of our method is 0.005% (see below for details).

4.2- Description of our sensitive and specific HLA Tagman Q-PCR assays

In sex-mismatched pairs, such as women who had given birth to a male, it is easy to use a method of Real
Time PCR based on Y chromosome sequence, such as DYS14 [6], a pseudogene of a multigene family
[7,8,9]. However it cannot ascertain the foetal origin because of the masculine presence. Moreover to quantify
foetal Mc in women who had only given birth to daughters, or to quantify maternal Mc, such sex-mismatched
methods cannot be used. We therefore developed and validated a panel of HLA- class Il specific quantitative
PCR assays (QPCR), designed to target non-inherited, non-shared maternal-specific HLA polymorphisms [10]
(Figure 2 A-C).
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Figure 2- HLA specific Real Time PCR assays

A) Example of HLA differences between mother and child; the child inherited HLA DRB1*11 allele from his mother
and DRB1*01 from his father. Doing a HLA DRB1*04 Q-PCR in child’s blood will allow maternal Mc

quantification
B) Example of specificity of HLA-DRB1*04 assay
C) Example of amplification plots from respectively from the left to the right, 500, 100, 50, 10, 5, 1 et 0.5 equivalent

DNA of HLA DQA1*03 homozygous cells in a background equivalent DNA of 10,000 non DQA1*03 cells. The x
axis indicates the number of cycles and the Y axes the intensity of fluorescence. The lowest quantity of HLA
DQA1*03 DNA amplifies at the highest number of cycles.

A HLA class Il panel with ten different assays including HLA-DRB1*01, *15/16, *03, *04, *12, *07, *08 and
HLA-DQB1* 02, *03, *06 assays, is already available and the HLA class | panel is currently developed (6
assays) and needs to be further pursued. All our PCR assays have the capacity to detect the equivalent DNA
of one cell among 20,000 genome equivalent of host cells (sensitivity: 0.005%)

In summary, the platform is unique in France and Europe as our microchimerism
guantification methods have 0.005% sensitivity.

4- RATIONALE FOR STUDYING NATURAL MICROCHIMERISM IN HEALTHY INDIVIDUALS

4.1-Quantification of natural Mc needs good methods to avoid wrong interpretations:

It is now well recognized that the placenta is not a strict barrier during pregnancy. Foetal cells and cell-free
DNA routinely circulate into the maternal peripheral blood during normal pregnancy [11]. Moreover, decades
after pregnancy, full term or not, a woman can still harbour foetal Mc in her peripheral blood or tissues
[12,13].

It is also clearly known that maternal cells commonly enter the foetal circulation [14]. First demonstration
was done in cord blood samples from male infants, using fluorescence in situ hybridization (FISH) [15].
Female cells were then identified in more than 20% of the samples [15]. Subsequent studies utilizing classical
PCR techniques identified maternal DNA with a frequency of 40% [11] to 75% [16] in cord blood samples. As
illustrated here, different techniques conducted to different results, changing radically the message.

Long term persistence of maternal cells was first described in peripheral blood from infants with severe
combined immunodeficiency [17] and more recently in immuno-competent individuals [18,19]. Again,
investigation of the biologic significance of maternal Mc has been hampered by limitations in the ability to
identify and quantify maternal Mc in progeny.

4.2-Natural microchimeric cells might have conseguences on human health:

Most of autoimmune diseases have a predilection for females, following childbearing years and share clinical
similarities with chronic graft-versus host disease, a known condition of chimerism. Foetal Mc could then,
have a reaction against the host. We and others argued this hypothesis by showing that more frequent and
guantitatively greater foetal Mc was present in blood from women with scleroderma (SSc), a rare autoimmune
disease, compared to healthy matched women [20]. By contrast, some other studies showed either a marginal
difference or no difference for Mc between patients and controls [21,22,23]. Additionally to pregnancy history,
ethnics, or clinical distinction between patients, discrepancy in results may come from technical differences in
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Mc detection assays [24]. The need of standardization for foetal Mc quantification became urgent to
clearly understand the role of Mc.

Maternal Mc has also been investigated as a risk factor in patients with autoimmune diseases. A caveat of
most studies is again, that sex-mismatched pairs were selected, providing only presumptive evidence that Mc
derived from the expected source. By quantifying maternal DNA with our HLA specific PCR assays, in
peripheral blood from children with Type | diabetes, we showed higher quantities of maternal Mc compared to
their non-affected siblings and controls [25]. Although tissue’ s localization and function of maternal cells are
still under investigation, maternal cells have been detected as beta islet cells secreting insulin [25], giving a
new role to Mc. Indeed maternal cells would then restore the damaged organ and be then beneficial.

On the opposite, in neonates with lupus congenital heart blocks, maternal cells are seen as the target of host
cells and possibly detrimental to the host [26].

Mc has been studied in many autoimmune diseases (primary biliary cirrhosis, dermatomyositis, Grave’s
disease, thyroiditis, Sjogren's syndrome, polymorphic eruption of pregnancy, type | diabetes, lupus and
rheumatoid arthritis...) and in some cancers, the initial hypothesis of a detrimental role for natural Mc has
evolved since [27].

4.3- We all are chimeras:

Apart from its possible implication in diseases, the fact we all are chimeras raises questions. By analogy with
transplantation studies, one could wonder whether the HLA relationship between host and donor could
contribute to the acquisition and maintenance of donor cells. This is in this context that we propose to follow
fetal Mc during pregnancy and post-partum in healthy women as well as maternal Mc in cord blood samples
and adult’s blood. Knowing the HLA genotype of future mothers and retrospectively HLA typing of the
foetuses, we will be able to distinguish whether i) the host’s and/or donor's genotype could influence the
passage of cells and/or their maintenance; ii) the HLA relationship between donor and host could influence
both .

We, and others, already demonstrated on a small number of subjects that the donor’s HLA could influence the
persistence of Mc cells [28,29] in a particular host’s cell sub-population [28]. We also showed that i) women
with SSc have more often an HLA compatible child, ii) that they also have more often and in higher quantities
fetal Mc, but we never demonstrated that higher quantities were due to increased foeto-maternal HLA
compatibility.

This is in this context that our QuantiChimera platform has been set up. As a “proof of concept” a total of
100 healthy pregnant women will be followed to better understand the mechanisms of acquisition and
maintenance of foetal and/or maternal microchimerism.

5- MANAGEMENT AND ORGANIZATION OF THE PROJECT

5.1- Organization

The current project, is managed by Nathalie C. Lambert, INSERM Researcher and a, to be named Post
Doctorant (see job announcement). They will run the platform for two years following the described
organization (Figure 3).

At first, like in any technical platform, there is a necessity of maintenance for a certain number of background
tools. This is essential for the right development of the whole project. It includes all the necessary for running
assays: stocks of control DNA, of cell lines necessary to specificity tests and stocks of standard curves. A
good management of this step is the warranty of a running process without delay.

Secondly and in parallel for the first year, new HLA Q-PCR assays will be developed to cover a full class |
panel and extend our possibilities of Mc detection. This step called S CHUCCIopMEN il go from the
design of primers/probe sets to the complete validation of a specific standard curve. This will include 4 points:
B primers/probe sets design for a specific HLA-class | assay, [l test of specificity, @ test of sensitivity and
finally B set up of the standard curve. In order to cover 80% of the general population, design will in priority
be done for the most common HLA-class | alleles.

Finally, fetal and maternal Mc follow up will be realized on 100 pregnant healthy women and 80 already
recruited post-partum women. In collaboration with two Units of gynaecology in Marseille we will follow 100
healthy women during their pregnancy. Blood samples will be collected each trimester and 3 month post-
partum. At the first trimester, maternal blood sample will be sent at the HLA laboratory (EFS, Marseille) to be
fully HLA typed. Similarly at delivery, the cord blood sample will be HLA typed. Each trimester and post-
partum maternal whole blood and PBMC will be frozen for further DNA extraction and fetal Mc analysis. Cells
will be separated by RoboSep sytem (StemCell) the third trimester and post-partum, as fetal cells are
generally present in higher quantities that trimester compared to the first and second, therefore easier to be
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found in different cell subsets. Retrospectively knowing the foetus HLA typing we will be able to test fetal Mc
in the cryopreserved maternal cells and inversely test cord blood samples for their levels of maternal Mc.

To follow up persistence of fetal and maternal Mc in healthy subjects, we propose to test fetal and maternal
Mc in women we already have recruited, HLA typed as well as their family members and for whom we know
the age and the time post-partum for each child.

Mc frequency will be compared between HLA compatible and HLA incompatible mother/child pairs using a
binary outcome (i.e. absence or presence of Mc, measurement >0).

Mc quantities will be compared between the same groups using a logistic regression model to determine if Mc
is predictive to HLA compatibility, host’s genotype and/or donor’s genotype.

Timein months
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
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Figure 3- General organization of the platform
5.2- Collaborations:
Teams participating to the project:

- INSERM UMR 1097 directed by Pr Jean Roudier (ex UMR639) Dr. Nathalie C. Lambert (CR1 INSERM),
163 avenue de Luminy, Bat TPR2 Entrée A 1% étage 13288 Marseille Cedex 09 ; Tél : 04-91-82-87-68; e-
mail: nathalie.lambert@inserm.fr

- Service de Gynécologie du Pr. Gamerre (PU-PH), Dr Blandine Coubiére, Obstetrician Gynecologist,
(MCU-PH), hépital de la Conception 147, boulevard Baille 13385 Marseille cedex 5, Tél : 04-91-38-37-11;
e-mail : blandine.courbiere @ap-hm.fr

- Service de Gynécologie du Pr Léon Boubli (PU-PH), Hdpital Nord, chemin des bourrely 13915 Marseille
Cedex ; Tél: 1504 91 96 46 72/ 04 91 96 48 53, e-mail : leon.boubli@ap-hm.fr, Pr. Florence Bretelle (PU-
PH), e-mail : florence.bretelle@ap-hm.fr, Pr. Claude D’Ercole (PU-PH), e-mail : claude.dercole@ap-hm.fr

- Le Centre d’Investigation Clinique de Marseille Nord, Dr. Nathalie Lesavre, Hopital Nord, chemin des
bourrely 13915 Marseille Cedex 15, Tél. : 04 91 96 46 14, e-mail : nathalie.lesavre @ap-hm.fr

Recruitment of participants is done by the two OB-GYN units and their associated MDs.

Follow up of participants (convocations, questionnaires...) is under the direction of Dr Lesavre (Centre
d’Investigations Cliniqgues Nord) with respect of ethic and juridic rules.
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The general organization described on Fig. 3 is realized Dr Nathalie C. Lambert, CR1 INSERM UMR 1097,
Marseille and a post doc to be named.

6- PERSPECTIVES

The reason for developing such a platform is the importance Chimerism is now taking in the fields of
autoimmunity, cancer and transplantation prognosis. We therefore expect the current pilot study on healthy
individuals will be the springboard for many clinical applications. Among them we have already identified
some, summarized below:

Hematopoietic stem cell transplantation from cord blood (CB) samples can be successful even if donor
and recipient are not fully matched for HLA and has become a real therapeutic hope. This mainly would come
from the relative “naivety” of fetal stem cells compared to stem cells from adult bone marrow samples.
However, as we described above, cord blood samples could host mature maternal cells. We wonder whether
high levels of maternal Mc (non-naive cells) in cord blood samples may correlate with graft versus host
disease. In that context, our initial study evaluating maternal Mc levels in cord blood would be usefull. Then if
our initial pilot study shows that the highest level of maternal Mc correlates with the highest risk of GVHD on
one side and on the other side that the highest level of maternal Mc in cord blood correlate with higher foeto-
maternal HLA compatibility; then we would have clues for cord blood selection prior to transplantation.

Biliary atresia (BA) is a rare infantile liver disease in which the intrahepatic and extra-hepatic bile ducts are
damaged progressively by an ongoing fibrosing process. If unrecognized, the condition leads to liver failure.
The only effective treatments are certain surgeries to reestablish bile flow, or liver transplantation. Several
investigators have shown that maternal Mc may play a role in the etio-pathogenesis of BA by causing an
alloimmune reaction given the similarities between BA and graft-versus-host disease (GvHD)[30,31,32,33].
We wonder whether HLA identity and/or compatibility between patient’'s mother and liver's donors could
trigger to a rupture of tolerance. Again studies on HLA relationship and Mc acquisistion and maintenance
would be helpful.

We previously showed, as detailed in 8 4.2, that Mc foetal and /or maternal may have a role in Scleroderma
(SSc) and that having an HLA-DRB1 compatible child confers an increased risk to develop subsequent SSc in
the mother. One could expect that HLA compatibility of foetus would favour engraftment of its cells into the
maternal organism. Only one small human study suggested an association between Mc and maternal
compatibility at the class Il DRB1 and/or DQB1 HLA loci [34]. The same authors showed in mice that MHC
homozygous progeny had higher levels of maternal Mc than MHC heterozygous progeny [35]. Again a
reference in healthy individuals would be important as it would reveal whether HLA compatibility triggers to
higher Mc levels, which would explain higher levels in SSc women.

Finally we recently showed another possible function of Mc in rheumatoid arthritis (RA): it could contribute
to transfer disease-susceptibility alleles in patients who do not carry this susceptibility [36]. Women who do
not have the HLA-DRB1*04 susceptibility allele for RA had more often and at higher quantities Mc for HLA-
DRB1*04 than healthy controls [36]. However we have no idea of the phenotype of those cells. Cell sorting
realized on healthy individuals would serve as reference for this study.

7- CONCLUSIONS

Our QuantiChimera platform supported by the 2012 Apex regional grant will allow starting a first pilot study
on natural microchimerism in healthy individuals and helping for future clinical projects to be developed.
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