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Abstract
Background: Intrathymic development and selection of the T lymphocyte repertoire is restricted
by the interactions of the T cell antigen receptor and CD4 or CD8 co-receptors with self major
histocompatibility complex molecules. Positive or negative selection depends on a tight regulatory
control of CD4 and CD8 expression. Determining the intracellular signals that differentially
regulate the expression of CD4 and CD8 is important to understand the mechanisms that are
implicated in selection of single positive CD4+CD8- or CD4-CD8+.
Results: The present study shows that stimulation of human thymocytes by phorbol esters or
cAMP result in a differential regulation of CD4 and CD8 expression, both at the mRNA and cell
surface glycoprotein level.
Conclusions: The differential regulation of CD4 and CD8 gene expression suggests that the
selective activation of protein kinase C (PKC) and cAMP-dependent protein kinases (PKA) may be
required for the selection of single positive CD4+CD8- and CD4-CD8+ cells during Intrathymic
differentiation

Background

T-lymphocytes expressing the α:β T-cell antigen receptor
(TCR) consist of two major subsets: T cells expressing the
CD4 surface glycoprotein, which are restricted by the major hystocompatibility complex (MHC) class II proteins,
and CD8+ T cells, which interact with antigen presented
by MHC class I proteins [1]. CD4 and CD8 molecules
bind to monomorphic regions on class II and class I MHC
proteins respectively, thereby increasing the avidity in the
interaction of the TCR with antigen presenting cells [2].
An intriguing question concerns to the mechanism by
which selection and tolerance to self-components is medi-

ated in developing lymphocytes. This is particularly relevant to T Lymphocytes because of their ability to
recognize antigen only if this is associated with the class I
or the class II MHC molecules [3], and also because of the
unique selection process which operates within the thymus during T cell development. Early during T-cell development in the thymic cortex, thymocytes bear both of the
T cell surface glycoproteins CD4 and CD8 and express the
α and β heterodimer of the TCR [4]. Compelling data have
demonstrated that CD4 and CD8 molecules participate in
the selection of MHC class I or class II restricted T cells in
the thymus. It is known that during clonal selection in the
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thymus, immature CD4, CD8 double positive cells develop into single positive CD4 or CD8 cells according to the
relative affinity of their TCR to class II or class I molecules
respectively [5,6]. These immature T-cells are selected in
the thymic epithelium on the basis of their TCR interaction with either class I or class II MHC molecules [7,8],
thus generating two mutually exclusive subpopulations
that are characterized by the expression of either CD4 or
CD8 glycoproteins [9]. Earlier studies in the murine system have demonstrated that PMA and cAMP can modulate the expression CD4 and CD8 on developing
thymocytes [10–13]. In keeping with these findings, ex
vivo experiments with human thymocytes previously reported by our group, revealed that while phorbol esters
can coordinately regulate the transcription of α and β TCR
during intrathymic T cell differentiation [14], cAMP selectively affected the transcription of the α and δ -TCR
[15,16]. Together the murine data and our own findings
support the hypothesis that in humans, TCR expression
and CD4, CD8 commitment and selection may be regulated by the same signal-transduction pathways. Since (a)
it is generally accepted that CD4 or CD8 are physically associated to the TCR in the course of T cell activation
[17,18] and (b) it is well known that mitogen activated
protein (MAP) kinase signaling is involved in the selection of the T cell repertoire [19,20], the present study further proposes that the PKC and PKA-mediated signaling,
which regulates TCR expression, can coordinately modulate the selection of CD4+CD8- and CD4-CD8+ T cells during human intrathymic differentiation.

Results
The effect of the phorbol ester 12-tetradecanoylphorbol13 acetate (PMA) and exogenous cAMP on the levels of
mRNA encoding the CD4 and CD8 glycoproteins was examined in human thymocytes. Total post-Ficoll un-fractionated thymocytes were incubated in the presence or the
absence of 10 nM PMA and/or 0.1 mM cAMP + 1 mM of
the phosphodiesterase inhibitor isobutylemthylxnthine
(IBMX). The fundamental reasons for the design of our exvivo experiments are three-fold: (a) The need to evaluate
intrathymic differentiation as close as it could be physically possible to an in vivo model; (b) We sought to perform
the experiments on "untouched" cells with the least of
manipulations. In purifying thymocyte subsets, there is a
risk that the antibodies used for the selection of the DP
subset can stimulate cells through a TCR-like signaling,
thus masking the read-out of the experimental stimuli
and; (c) At least 80% of thymocytes are double positive
(DP) cells. Therefore the contribution of single positive
(SP) cannot be a concern. After 3.0 h incubation RNA was
extracted and analyzed for CD4 and CD8 expression by
northern blot hybridizations. As shown in Fig. 1, PMA
caused a marked decrease in the levels of both CD4 and
CD8 mRNAs, whose constitutive expression is high in de-
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Figure 1
Northern blot analysis of the effect of PMA and cAMP on
CD4 and CD8 mRNA levels in human thymocytes. Cells
were incubated for 4 h at 37°C in culture media as described
in the methods, in the absence (lane 1) or in the presence of
10 nM PMA (lane 2) or 1 mM dibutyryl cAMP plus 1 mM
IBMX (lane 3), and the combination of both (lane 4). RNA
was subsequently extracted and analyzed. The expression of
the proto-oncogene c-Ha-ras served as an internal control.

veloping thymocytes. In contrast, cAMP selectively decreased CD8 mRNA levels. On the other hand, apoptosis
was ruled out as a mechanism to explain the differential
down-regulation of CD4 and CD8 by PMA and cAMP, on
the grounds of two independent observations: (a) After a
maximum of 4.0 hr incubation with either PMA or cAMP+
IBMX the cell viability was the same as the untreated controls (usually between 90–95%); (b) Treatment with dexamethasone, which is a known pro-apoptotic molecule
did not have any effects on the expression of either CD4
or CD8 (data not shown) and; (c) As demonstrated earlier
in the murine system, TCR engagement of CD4+CD8+ induces positive selection but not apoptosis [12]
To further investigate whether the effect of PMA on CD4
and CD8 expression is consistent with the activation of
protein kinase C (PKC), we examined structurally distinct
phorbol esters that either have or lack the capacity to activate PKC, for their effectiveness to modulate the levels of
CD4 and CD8 mRNAs. As shown in Fig. 2, the α-configuration of the phorbol ester that lacks the ability to activate
PKC [21] had no effect on the expression of CD4 and
CD8. In contrast, the β-configuration that has the capacity
to activate PKC [21] decreased the levels of CD4 and CD8
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Figure 2
Northern blot to determine the specificity of the Phorbol
ester effect on the expression of CD3, CD4, CD8, and CHa-ras by human thymocytes. Experimental conditions are
number-coded as follows: 1 = control; 2 = PMA-treated;
PDB-treated; 4 = α-Phorbol Ester-treated; and 5 = β-Phorbol Ester-treated.

mRNAs. The water-soluble phorbol 12,13 dibutyrate
(PDB) had similar effects to those of PMA. The specificity
of the signals driven by PMA was further stressed by the
up-regulation of CD3 expression and by the unaltered
mRNA levels of the proto-oncogene c-Ha-ras.
On the other hand, it has been previously demonstrated
that direct activation of adenylate cyclase by Forskolin or
cholera toxin, inhibition of cAMP-specific phosphodiesterase, and treatment with a cell permeable cAMP analog,
induces a rise in intracellular cAMP [22–26]. Since cAMP
is known to modulate the expression of CD8 in mice [27],
we sought to determine whether cAMP-dependent protein
kinase (PKA)-mediated signaling plays a role in modulating the mRNA levels of CD3, CD4, and CD8 in ex vivo examined human thymocytes. Fig. 3 shows that the signal,
which regulates the expression of human CD8, is cAMPmediated, since direct activation of adenylate cyclase by
cholera toxin produced the same effects as the di-butiryl

cAMP analog. The requirement of phosphodiesterase inhibition by IBMX further supports this statement. As it can
also be observed, cAMP coordinately regulated the expression of both the α and β chains of the CD8 molecule. CD4
remained unchanged and CD3 was minimally affected,
thus stressing the selectivity of the cAMP-dependent
down-regulation of CD8 expression (Fig. 3). To further investigate whether PMA and cAMP regulate CD4 and CD8
expression at the protein level, surface detection of the
CD3, CD4, and CD8 was also assessed. As observed in Fig.
4a PMA dropped the proportion of CD4+ cells from 60%
to zero, produced a slight decrease (from 71% to 64%) in
CD8+ cells, and did not affect the expression of CD3.
cAMP on the other hand had little effect on the surface expression of the glycoproteins. These findings are in contrast with the drastic down-regulation of CD8 transcript
levels exerted by cAMP. However, regulation gene expression is complex and engages numerous checkpoints that
include transcription, RNA processing, nuclear/cytosol
transport, translation, and RNA and Protein stability.
Since the half-lives of mRNA and protein can be dramatically different, we hypothesize that an increased CD8 protein stability may result in a delay of CD8 surface
disappearance, thus favoring its transient selection. As
CD8 gene transcription has been turned-off by cAMP-mediated signaling, surface CD8 subsequently fades with the
concomitant emergence of CD4+ cells. In keeping with
this rationale, the kinetics of the PMA-mediated downregulation of CD4 (Fig. 4b) reveals a sharp and rapid decrease on CD4 surface expression as early as 15 min. of incubation with PMA, with a complete disappearance by 2.0
hr. The relatively short kinetics of surface CD4 down-regulation and the delayed CD8 surface disappearance can be
interpreted as a PKC-mediated selection signaling in favor
of CD8+CD4-/α:β-TCR cells that may operate during intrathymic T cell differentiation. Binding of specific ligands
to CD4 (including phorbol esters) results in internalization of the molecule by endocytosis, which in turn is
phosphorylated [28] and possibly immobilized. It is conceivable that a similar mechanism might be used by extracellular signals in the thymic epithelium during intrathymic differentiation.

Discussion
An accepted scheme of the T cell development program
[29,30] has demonstrated that as immature cells enter the
thymus, cycling CD4-CD8- precursors begin to rearrange
δ, and γ genes, which generates CD4-CD8-, and δ+γ+ cells.
CD4+CD8+ on the other hand, rearrange and express the
α:β-TCR heterodimer. A few of these cells are selected
through the specificity of their antigen receptor and mature into either CD4+CD8-, or CD4-CD8+ T cells which
exit from the thymus.
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Figure 3
Northern blot to examine the effect of cyclic AMP analogs
and cholera toxin on CD4, CD8, and CD3 mRNA levels in
human thymocytes. Experimental conditions are numbercoded and respectively identified

Much progress has been accomplished in determining the
molecular steps that lead to a better understanding of
murine T cell progenitor commitment and selection of the
functional repertoire, which has gained important insights into mechanisms of CD4/CD8 lineage commitment (reviewed in 31). For instance, changes in
expression of CD5, TCR, Bcl-2, RAG and TdT genes can be
induced by in vitro TCR engagement of DP thymocytes,
thus indicating that at least some aspects in the T cell maturation program are directly coupled to TCR signaling. It
is therefore accepted that positive selection are directly
coupled to TCR signaling pathways in DP thymocytes.
However, the signals that promote selective down regulation of CD4 and CD8 remain have not been that conclusive, at least in humans. Earlier (again murine) studies
(reviewed in 31) have suggested that a transitional phenotype of CD4+ CD8low is not a signature of commitment
towards the CD4 lineage. The confirmation of such conclusion in the humans and the determination of the signals that lead to the phenotype remain to be assessed.
We have previously shown that PMA strongly induces the
transcription of α and β TCR in human thymocytes,
whereas cAMP exclusively affected the transcription of αTCR [15,16]. The data reported herein, suggest that following rearrangement, protein kinase C activation mim-

Figure 4
Effect of PMA and cAMP on the surface expression of CD3,
CD4, and CD8 by human thymocytes. (a) Immunofluorescent staining and (b) CD4 surface expression kinetics. Experimental conditions and detailed time course is respectively
indicated.

icked by the phorbol esters induces the expression of the
α and β-TCR on CD4+CD8+ precursor T cells. Since only a
proportion of developing thymocytes succeed in expressing the α:β TCR heterodimer, PKC activation also provides
the signal to turning off the CD4 and CD8 genes on cells
that failed to express the TCR, which are non-functional
and potentially harmful. On the other hand, cAMP is
known to participate in the growth and differentiation of
varied cell types (including thymocytes), through the transcriptional regulation of specific genes [32–34]. The
unique cAMP signaling which specifically targets the expression of the CD8 mRNAs (α and β), suggests that PKA
activation may result in the transduction of signals that
determine the selection of T lymphocytes in favor of the
CD4+CD8- lineage, by down-regulating and possibly
turning off the expression of the CD8 transcripts. In keeping with this notion, regulatory elements, within the CD4
and CD8 promoters have been identified an characterized
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including the presence of cAMP regulatory elements binding (CREB) sites [35]. However it is also likely that the
control of CD4 and CD8 expression and thus the selection
of CD4 or CD8 lineage-committed cells may also be controlled by the differences in mRNA and protein stability.
Lastly, some of the TCR signaling pathways involved in
positive selection have been identified in the mouse and
there is some evidence that these may be different from
those involved in negative selection. It remains to be determined whether same interpretation applies to human T
cell selection.

Conclusion
In conclusion, the results of the ex vivo experiments of human thymocytes reported in the present study are in complete agreement with the earlier studies in the murine
system and strongly support the conclusions. We further
propose that the transduction of intracellular signals initiated by the activation of PKC and PKA by phorbol esters
and cAMP respectively, are not only critical for the differential regulation of CD4 and CD8 gene expression but
more importantly in the commitment and selection of the
functional T cell repertoire.

Materials and Methods
Cells
Human thymocytes were purified from fresh residual
thymic tissue that was obtained as an incidental specimen
from immunologially normal pediatric patients undergoing cardiac surgery and according with institutional guidelines. Purification was carried out by a single step Ficoll/
Hypaque gradient centrifugation. Purified cells were cultured at 37°C in RPMI-1640 medium supplemented with
10% fetal bovine serum at a density of 5 × 106 cells/ml
and in the presence or absence of 10 nM PMA phorbol ester and or 1 mM dibutyryl cAMP + 1 mM phosphodiesterase inhibitor isobutylemthylxnthine (IMBX).
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insert probe was excised by a Barn H1 endonuclease digestion. The monoclonal antibodies to CD3, CD4, and CD8
were commercially obtained (Pharmigen, San Diego, CA).
RNA Extraction
Total unfractionated RNA was extracted in guanidiniun
isothiocyanate as previously described [38].
Northern Blots
Total RNA (10 µg) was electrophoresed in 1.0% agarose
gel and transferred onto nylon membranes as described
earlier [39,40]. Blots were then prehybridized overnight at
42°C in 50% formamide, 4X SSC, 5X Denhart's solution,
25 mM sodium phosphate, pH 6.5, 1.0% sodium deodecyi sulphate (SDS), and 200 µg/ml salmon sperm DNA.
Hybridization was carried out for 16 hr. at 42°C, simply
by adding [a-32 P]dCTP-labeled probes. After hybridization, northern blots were stringently washed for 2.0 hr.
and autoradiographed. Equal amounts of RNA loading of
the different experimental samples, was confirmed by
ethidium bromide staining and ultraviolet transilluminator visualization. The constitutively expressed proto-oncogene c-Ha-ras was used as internal control.
Immunofluorescent Staining
Freshly isolated thymocytes were incubated in the presence or the absence of either PMA or cAMP+IBMX. At the
indicated times cells were harvested, washed twice with
phosphate-buffered saline (containing 0.1% serum bovine albumin and 0.1% sodium azide), and incubated for
30 min at 4°C with specific monoclonal antibodies to either CD3, CD4 or CD8. Cells were then washed twice with
PBS and incubated for 30 min at 4°C with the appropriate
FITC-conjugated second antibody. After the second incubation the cells were washed twice with PBS and analyzed
on a fluorescence-activated Cell Sorter (FACS) II.

List of Abbreviations
Reagents
The phorbol esters 12-tetradecanoylphorbol-13 acetate
(PMA), 4x-phorbol, 12,13 didecanoate (αPD2), 4B-phorbol 12,13 didecanoate (βPD2), the phorbol 12,13 dibutyrate (PDB), dibutyryl cyclic AMP, and the IBMX were
obtained from Sigma Chemical Co. (St. Louis, MO.).
Deionized formamide Distilled Phenol and guanidinium
isothiocyanate were purchased from Fluka (Milwaukee,
Wl). Nylon Hybond membranes (0.45 mm), and 32 pdCTP were obtained from Amersham (Arlington Heights,
IL). The CD3 plasmid was commercially obtained from
the American Type Culture Collection (ATCC, Manassas,
VA) and the respective cDNA insert was generated by a Pst
I digestion. CD4 [36] and CD8 [37] were kind gifts from
Dr. Dan Littman and the respective cDNA probes were obtained by digestion with the EcoR 1 restriction endonuclease. The cHa-ras was also from ATCC and the respective

IBMX: isobutylemthylxnthine/PMA: 12-tetradecanoylphorboMS acetate/PKA: cAMP-dependent Protein Kinase/
PKC: Protein Kinase C

References
1.

2.
3.
4.
5.
6.
7.

Zinkernagel RM, Doherty DC: MHC-restricted cytotoxic T cells:
studies on the biological role of polymorphic major transplantation antigens determining T-cell restriction-specificity, function, and responsiveness. Adv. Immunol. 1979, 27:51-177
Zinkernagel RM, Doherty DC: The discovery of MHC restriction. Immunol Today. 1997, 18:14-17
Kishimoto H, Sprent J: The thymus and central tolerance. Clin
Immunol. 2000, 95:S3-7
Kishimoto H, Sprent J: The thymus and negative selection. Immunol Res. 2000, 21:315-323
Scollay R, Sprent J: Introduction: homeostasis in the immune
system Semin Immunol. 1997, 9:329-330
Goldrath AW, Bevan MJ: Selecting and maintaining a diverse Tcell repertoire. Nature. 1999, 402:255-262
Kisielow P, Bluthmann H, Staerz UD, Steinmetz M, von Boehmer H:
Tolerance in T-cell-receptor transgenic mice involves dele-

Page 5 of 6
(page number not for citation purposes)

BMC Immunology 2002, 3

8.
9.
10.
11.
12.
13.

14.

15.

16.

17.
18.
19.

20.
21.
22.
23.

24.

25.

26.

27.
28.

tion of nonmature CD4+8+ thymocytes. Nature 1988, 333:742746
Kisielow P, von Boehmer H: Development and selection of T
cells: facts and puzzles. Adv Immunol. 1995, 58:87-209
Marrack P, Kappler J: Positive selection of thymocytes bearing
alpha beta T cell receptors. Curr Opin Immunol. 1997, 2:250-255
Groves T, Katis P, Madden Z, Manickham K, Ramsden D, Wu G, Guidos CJ: In vitro maturation of clonal CD4+CD8+ cell lines in
response to TCR engagement. J. Immunol. 1995, 154:5011-5022
Groves T, Smiley P, Cooke MP, Forbush K, Perlmutter RM, Guidos
CJ: Fyn can partially substitute for Lck in T lymphocyte development. Immunity 1996, 5:417-428
Groves T, Parsons M, Miyamoto NG, Guidos CJ: TCR engagement
of CD4+CD8+ thymocytes in vitro induces early aspects of
positive selection, but not apoptosis. J Immunol 1997, 158:65-75
Nakayama T, Samelson LE, Nakayama Y, Munitz TI, Sheard M, June
CH, Singer A: Ligand-stimulated signaling events in immature
CD4+CD8+ thymocytes expressing competent T-cell receptor complexes. Poc. Natl. Acad. Sci. 1991, 88:9949-9953
Martinez-Valdez H, Doherty PJ, Thompson E, Benedict SH, Gelfand
EW, Cohen A: Antagonistic effects of calcium ionophores and
phorbol esters on T cell receptor mRNA levels in human
thymocytes.. J. Immunol. 1988, 140:361-366
Martinez-Valdez H, Thompson E, Cohen A: Phorbol esters and
calcium ionophores differentially regulate the transcription
of gamma-T-cell antigen receptor gene in human thymocytes. J. Biol. Chem. 1988, 263:4043-4046
Martinez-Valdez H, Thompson E, Cohen A: Coordinate transcriptional regulation of alpha and delta chains of the T-cell antigen receptors by phorbol esters and cyclic adenosine 5'monophosphate in human thymocytes. J Biol Chem. 1988,
263:9561-9564
Saizawa K, Rojo J, Janeway CA Jr: Evidence for a physical association of CD4 and the CD3:alpha:beta T-cell receptor. Nature
1987, 328:260-263
Medzhitov R, Janeway CA Jr: How does the immune system distinguish self from nonself? Semin Immunol. 2000, 12:185-188
Rincon M, Whitmarsh A, Yang DD, Weiss L, Derijard B, Jayaraj P,
Davis RJ, Flavell RA: The JNK pathway regulates the In vivo deletion of immature CD4(+)CD8(+) thymocytes. J Exp Med
1998, 188:1817-1830
Sen J, Kapeller R, Fragoso R, Sen R, Zon LI, Burakoff SJ: Intrathymic
signals in thymocytes are mediated by p38 mitogen-activated protein kinase. J Immunol 1996, 156:4535-4538
Shoyab M, Todaro GJ: Specific high affinity cell membrane receptors for biologically active phorbol and ingenol esters. Nature (London) 1980, 288:451-455
Tilden AB, Balch CM: A comparison of PGE2 effects on human
suppressor cell function and on interleukin 2 function. J Immunol. 1982, 129:2469-473
Mao D, Warner EA, Gurwitch SA, Dowd DR: Differential regulation and transcriptional control of immediate early gene expression in forskolin-treated WEHI7.2 thymoma cells. Mol
Endocrinol. 1998, 12:492-503
Eriksson K, Nordstrom I, Czerkinsky C, Holmgren J: Differential effect of cholera toxin on CD45RA+ and CD45RO+ T cells:
specific inhibition of cytokine production but not proliferation of human naive T cells. Clin Exp Immunol. 2000, 121:283-288
Ohtsuka T, Kaziro Y, Satoh T: Analysis of the T-cell activation
signaling pathway mediated by tyrosine kinases, protein kinase C, and Ras protein, which is modulated by intracellular
cyclic AMP. Biochim Biophys Acta 1996, 1310:223-232
Szamel M, Ebel U, Uciechowski P, Kaever V, Resch K: T cell antigen
receptor dependent signalling in human lymphocytes: cholera toxin inhibits interleukin-2 receptor expression but not
interleukin-2 synthesis by preventing activation of a protein
kinase C isotype, PKC-alpha. Biochem Biophys Acta. 1997,
1356:237-248
Daculsi R, Vaillier D, Carron JC, Gualde N: Effect of PGE2 on the
cell surface molecule expression in PMA treated thymocytes. Immunol Lett 1998, 60:81-88
Pitcher C, Honing S, Fingerhut A, Bowers K, Marsh M: Cluster of
differentiation antigen 4 (CD4) endocytosis and adaptor
complex binding require activation of the CD4 endocytosis
signal by serine phosphorylation. Mol Biol Cell 1999, 10:677-691

http://www.biomedcentral.com/1471-2172/3/1

29.
30.
31.
32.
33.
34.

35.

36.
37.

38.

39.

von Boehmer H, Sia TH, Kisielow P: The thymus selects the useful, neglects the useless and destroys the harmful. Immunol Today 1989, 10:57-61
von Boehmer H, Sia TH, Kisielow P: Positive selection of immature alpha beta T cells. Immunol Rev. 1993, 135:67-79
Guidos CJ: Positive selection of CD4+ and CD8+ T cells. Curr
Opin Immunol 1996, 8:225-232
Krebs EG: Nobel Lecture. Protein phosphorylation and cellular regulation I. Biosci Rep. 1993, 13:127-142
Flockhart DA, Corbin JD: Regulatory mechanisms in the control of protein kinases. CRC crit Rev. Biochem. 1982, 12:133-186
Lohmann SM, Walter U: Regulation of the cellular and subcellular concentrations and distribution of cyclic nucleotide-dependent protein kinases. Adv Cyclic Nucleotide Protein
Phosphorylation Res. 1984, 18:63-117
Maddon PJ, Littman DR, Godfrey M, Maddon DE, Chess L, Axel R:
The isolation and nucleotide sequence of a cDNA encoding
the T cell surface protein T4: a new member of the immunoglobulin gene family. Cell. 1985, 42:93-104
Littman DR, Thomas Y, Maddon PJ, Chess L, Axel R: The isolation
and sequence of the gene encoding T8: a molecule defining
functional classes of T lymphocytes. Cell. 1985, 40:237-246
Martinez-Valdez H, Takihara Y, Champagne E, Minden M, Mak TW,
Cohen A: Differential regulation of g and d T cell antigen receptor gene expression by phorbol esters and Ca2+ ionophores in acute lymphocyte leukemia. Eur. J. Immunol. 1991,
21:2625-2628
Francès V, Guret C, Malisan F, Peyron E, Ho S, Maat MJ, Fossiez F,
Nicolas JF, Lebecque S, Martinez-Valdez H: The human anti-bullous pemphigoid monoclonal autoantibody P22 is encoded
by genes of the IGHV4 and IGLV4 families. J. Autoimmunity.
2000, 15:459-468
Guzman-Rojas L, Sims JC, Rangel R, Guret C, Sun Y, Alcocer JM, Martinez-Valdez H: PRELI, the human homologue of the avian px
19, is expressed by germinal center B lymphocytes. International Immunology 2000, 12:607-612

Publish with BioMed Central and every
scientist can read your work free of charge
"BioMedcentral will be the most significant development for
disseminating the results of biomedical research in our lifetime."
Paul Nurse, Director-General, Imperial Cancer Research Fund

Publish with BMC and your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours - you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/manuscript/

BioMedcentral.com
editorial@biomedcentral.com

Page 6 of 6
(page number not for citation purposes)

