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Systemic lupus erythematosus is an autoimmune disease that 
is characterized by the production of antibodies against nuclear 
antigens and by damage to multiple organs [1]. Several strains 
of mice that spontaneously develop a lupus-like disease were 
reported, of which the (NZBxNZW)F1 female mice are the most 
widely used [2]. In addition, we have previously established a 
model of experimentally induced SLE in various mouse strains 
[3,4].

As a potential candidate for the specific treatment of SLE 
patients, we have designed and synthesized a peptide that is 
based on the sequence of the complementarity-determining 
region 1 of a human monoclonal anti-DNA autoantibody [5].The 
peptide designated hCDR1 was shown to mitigate the serological 
and clinical manifestations in both the spontaneous and induced 
models of SLE, to reduce the secretion and expression of the 
pathogenic cytokines interferon-gamma, interleukin-10, IL-1β and 
tumor necrosis factor-alpha and to up-regulate the immunosup-
pressive cytokine transforming growth factor-beta [6]. It has been 
of utmost importance to elucidate the mechanisms underlying 
the beneficial effects of hCDR1.

hCDR1 ameliorates experimental SLE by up-
regulating regulatory T cells
To further understand the mechanism by which hCDR1 amelio-
rates lupus manifestations we first tested whether the inhibi-
tory capacity of hCDR1 could be transferred by immunocytes of 
hCDR1-treated mice. Indeed, adoptive transfer of cells from 
hCDR1-treated mice to (NZBxNZW)F1 female mice with full-blown 
SLE down-regulated all tested disease manifestations, suggesting 
the presence of a subpopulation of regulatory cells with suppres-
sive activity [7]. The CD4+CD25+ regulatory T cells are the best 
characterized and are known to be protective against the develop-
ment of autoimmune diseases [8]. We therefore studied the role 
of the latter cells in the beneficial effects of hCDR1. Treatment 
with hCDR1 resulted in an increase (30–40%) of CD4+CD25+ 
cells with regulatory characteristics such as CD45RBlow, CTLA-4 
and Foxp3. Treatment with a control peptide or with the vehicle 
had no effect on either the magnitude or the inhibitory function 
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of the CD4+CD25+ cells. Depletion of CD25+ cells diminished 
significantly the therapeutic effects of hCDR1, whereas adminis-
tration of an enriched CD4+CD25+ cell population was beneficial 
to the diseased mice. Mitigation of disease manifestations was 
associated with diminished secretion of the pathogenic cytokines 
(e.g., IFNγ and IL-10) and with up-regulation of TGFβ whose se-
cretion was shown to depend on the presence of hCDR1-induced 
CD4+CD25+ regulatory cells [7].

In addition to the CD4+ regulatory cells, CD8+ regulatory 
cells were reported to play an important role in autoimmune 
diseases including SLE [9]. In SLE patients the number of CD8+ 
cells is reduced, and the generation of suppressive CD8 cells 
is very limited [9]. We have previously shown that treatment 
of SLE-afflicted (NZBxNZW)F1 mice with hCDR1 increased the 
number of CD8+ cells, resulting in a significant decrease in the 
CD4:CD8 ratio [10]. We therefore investigated the possible role 
of CD8+ regulatory cells in the mechanism of action of hCDR1. 
We demonstrated that treatment of SLE-afflicted mice with 
hCDR1 up-regulated CD8+ cells, most of which belonged to the 
CD28- compartment and expressed Foxp3. The in vivo depletion 
of the latter cells diminished the clinical improvement of the 
hCDR1-treated mice. More importantly, in the absence of CD8 T 
regulatory cells, CD4+CD25+ cells were unable to expand in the 
hCDR1-treated mice, and the expression of Foxp3 was reduced, 
thereby further interfering with the suppressive function of the 
CD4+CD25+ cells. To confirm the relative roles of CD8+CD28-

Foxp3+ and CD4+CD25+Foxp3+ cells in the mechanism of action 
of hCDR1, adoptive transfer experiments were performed with the 
hCDR1-induced regulatory cell populations. Administration of 
CD4+ regulatory cells into SLE-afflicted mice had more prominent 
beneficial effects on the serological and renal manifestations than 
that of adoptively transferred CD8+ regulatory cells, indicating the 
dominant role of CD4+CD25+Foxp3+ cells in the inhibitory func-
tion of hCDR1. Thus, CD8+CD28- regulatory cells play a partial 
role in the inhibition of SLE-associated responses, but they are 
essential for the optimal expansion and function of the hCDR1-
induced CD4+CD25+ regulatory cells, which play a key role in the 
suppression of SLE. 

Treatment with hCDR1 down-regulates 
apoptosis in SLE-afflicted mice
Dysregulated apoptosis was reported to take place in SLE 
patients and in animal models of the disease [11]. We dem-
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onstrated an increased rate of apoptosis in lymphocytes of 
(NZBxNZW)F1-afflicted mice. The latter was associated with 
elevated expression of caspase-8 and caspase-3 and with 
diminished expression of the anti-apoptotic molecule, Bcl-xL. 
Treatment with hCDR1 down-regulated the caspases and up-
regulated Bcl-xL in association with reduced rates of apop-
tosis and amelioration of SLE manifestations. Co-incubation 
of Bcl-xL inhibitors with hCDR1-treated cells abrogated the 
ability of hCDR1 to reduce the secretion of the pathogenic 
cytokines. Further, a markedly higher expression of Bcl-xL in 
CD4+CD25+Foxp3+ regulatory cells of hCDR1-treated mice than 
in CD4+CD25+ cells of vehicle-treated mice was demonstrated. 
Moreover, the Bcl-xL-expressing regulatory cells induced the 
expression of Bcl-xL in CD4+CD25- cells of the SLE-afflicted 
mice. Thus, the reduction of apoptosis and the up-regulation 
of Bcl-xL contribute to at least part of the beneficial effects of 
hCDR1 on SLE manifestations [12].

hCDR1 affects T cell receptor signaling and 
regulation
Immunization of mice with the monoclonal anti-DNA antibody 
designated 16/6 idiotype resulted in the induction of experimental 
SLE [3]. Further, administration of hCDR1 concomitantly with the 
immunization with the 16/6 Id resulted, already 10 days following 
immunization, in diminished specific T cell responses includ-
ing chemotaxis, adhesion and proliferation in association with 
the inhibition of ERK phosphorylation [13]. Injection of hCDR1 
concomitant with the immunization with hCDR1 diminished sig-
nificantly the secretion and expression of INFγ in T cells of the 
treated mice. The latter was associated with a lower expression 
of T-bet, which is a master gene that plays an important role in 
coordinating Th1 differentiation and induction of IFNγ expres-
sion [14]. Treatment with hCDR1 inhibited also the activation of 
nuclear factor-kappa B, another Th1-associated factor that has a 
pivotal role in the specific regulation of Th1 development [15]. To 
determine whether the inhibition of NF-κB activation and T-bet 
expression by hCDR1 is associated with its effect on the up-
stream T cell receptor signaling, we studied the phosphorylation 
of ZAP-70 and demonstrated its marked inhibition by hCDR1 as 
compared to T cells derived from non-treated 16/6 id immunized 
mice [16]. 

Foxj1 and Foxo3a are two members of the forkhead family that 
were shown to be actively involved in the negative regulation of 
T cells by maintaining NF-κB in an inactive state. Both factors 
were shown to be diminished in lupus-prone mice [17,18]. In 
vivo treatment with hCDR1 up-regulated significantly these two 
transcription factors, both 10 days after immunization with 16/6 
Id and in (NZBxNZW)F1 mice with full-blown SLE. The addition 
of TGFβ, which was elevated following treatment with hCDR1, 
to T cells from 16/6 Id-immunized mice up-regulated Foxj1 and 
Foxo3a mRNA expression, similar to the in vivo treatment with 
hCDR1. In contrast, anti-TGFβ antibodies that were added to 
hCDR1-treated T cells abrogated its effect [16]. Thus, TGFβ that is 

NF-κB = nuclear factor-kappa B

elevated by hCDR1 contributes to the up-regulation of Foxj1 and 
Foxo3a and to the subsequent events that lead to the diminished 
IFNγ production.

A pair of transcription factors, early growth response 2 (Egr-2) 
and 3 (Egr-3), are negative regulators of T cell activation that 
were shown to be important in anergy [19]. Because autoreactive 
T cells in lupus were reported to be resistant to anergy [20], it 
was of interest to find out whether hCDR1 affects anergy and 
if the effects of hCDR1 are mediated by the two transcription 
factors, Egr-2 and Egr-3. We showed that treatment with hCDR1 
induced anergy in autoreactive T cells, as manifested by the 
diminished IL-2 mRNA expression and proliferation. The latter 
was reversible upon addition of rIL-2. Further, treatment with 
hCDR1 significantly up-regulated Egr-2 and Egr-3 – both soon af-
ter immunization with 16/6 Id and in SLE-afflicted (NZBxNZW)F1 
mice. The increase in Egr-2 and Egr-3 expression was associated 
with down-regulation of Akt phosphorylation and up-regulation 
of TGFβ. Inhibition of Akt in T cells of hCDR1-treated mice 
decreased, whereas silencing of Egr-2 and Egr-3 in T cells of 
hCDR1-treated mice increased the secretion of IFNγ. Thus, the 
down-regulation of Akt phosphorylation by hCDR1 leads to the 
up-regulated expression of Egr-2 and Egr-3, resulting in the 
inhibition of the pathogenic cytokine IFNγ and in the induction 
of anergy.

Conclusions
Treatment with hCDR1 up-regulates Foxp3 expressing CD4+CD25+ 
as well as CD8+CD28- regulatory cells. The latter cells are re-
quired for the induction and optimal inhibitory function of the 
CD4+CD25+ cells. Reduction of apoptosis by hCDR1 contributes 
to at least part of the beneficial effects of hCDR1. Finally, hCDR1 
inhibits T cell receptor signaling and up-regulates the negative 
regulators of T cell receptor activation, Foxj1 and Foxo3a and 
Egr-2 and Egr-3, which are required for anergy induction. Thus, 
treatment with hCDR1 leads to a cascade of events that culmi-
nate in the clinical improvement of SLE.
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The genomes of human tumors contain many sequence 
alterations, a subset of which help drive tumor growth. 
Wood and team have now undertaken a systematic sequence 
analysis of > 18,000 genes in human breast and colorectal 
tumors. Depiction of the mutational data on a topographic 
map indicates that each of these tumor types contains only 
a few gene “mountains” mutated at high frequency and a 
much larger number of gene “hills” mutated at low frequency. 

Importantly, while a large fraction of the mutations driv-
ing tumor growth reside in the gene hills rather than the 
mountains – a finding that underscores the heterogeneity 
of human cancer – it appears that many of the mutated 
genes function through cellular signaling pathways that are 
already well known.
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Cancer’s mutational landscape

The dramatic disappearance of honey bees in the United 
States is threatening the capability of commercial bee-keep-
ing operations to supply pollinators for valuable crops. This 
devastation appears to be associated with an infectious agent 
sweeping through honey bee populations and resulting in the 
loss of 50 to 90% of colonies. Using a metagenomic technique, 

Cox-Foster et al. sequenced the entire range of microbial flora 
associated with affected and healthy bee colonies. Comparison 
implicates Israel acute paralysis virus (IAPV) as a contributor 
to honey bee colony collapse disorder.
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Israeli culprit in honey bee collapse
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