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Manicassamy et al. (Reports, 13 August 2010, p. 849) deleted b-catenin in intestinal immune
cells using a CD11c-driven Cre recombinase, which decreased anti-inflammatory mediators and
increased inflammatory bowel disease. However, the deletion of b-catenin in macrophages
remains a caveat to their interpretation that Wnt signaling programs dendritic
cells into a tolerogenic state. Development of strains expressing Cre in a more finely
lineage-restricted pattern may help resolve this issue.

Conditional genedeletionusingCre-mediated
deletion of floxed genes is a powerful ap-
proach to bypass unintended lethality and

restrict gene deletion to specific cell lineages.When
Cre recombinase is driven by a locus that is ex-
pressed inmultiple cell lineages, however, proper
data interpretation requires careful determination
of the extent and specificity of target deletion. In
general, the promoters of different genes used
to drive the expression of Cre recombinase may
achieve very different absolute levels of Cre ac-
tivity, evenwhen these genes share a similar tissue-
specific pattern of expression. This is true because
a similar pattern of tissue expression does not en-
sure that genes are transcribed at equal absolute
levels. The efficiency of Cre-mediated recombina-
tion depends on the absolute level of transcription
and translation of the Cre recombinase, and per-
haps on the accessibility of the floxed target allele
in each tissue, and not simply on the relative ex-
pression levels of the driver-gene between tis-
sues. Specifically, Cre recombinase driven by the
CD11c gene may not only induce deletion of tar-
get alleles in dendritic cells (DCs), but also in-
duce deletion of target genes in other cells that
express CD11c at low to intermediate levels, such
asmacrophages. The extent of deletion required to
ablate function in target cells may vary between
different assays and cell types.

The study by Manicassamy et al. (1) elegantly
demonstrated the requirement of b-catenin sig-
naling in maintaining immune tolerance in the
intestine using conditional deletion induced by
crossing transgenic mice that express the Cre
recombinase enzyme under the control of the
CD11c promoter (CD11-Cre) with mice that ex-
press floxed b-catenin alleles. The importance of
b-catenin was clear, but the interpretation that it
is the activation of b-catenin in DCs that regulates
tolerance—a conclusion stated in the title—might
warrant additional consideration. An unusual fea-

ture of this study was its opposite conclusion to
the authors’ earlier report that macrophages, and
not DCs maintain tolerance in the intestine (2).
Thus, the extent and specificity of Cre-mediated
deletion of b-catenin is central in judging the va-
lidity of reversing the earlier interpretation.

Pulendran and colleagues previously used a
CD11c-DTR (diphtheria toxin receptor) system
with oral diphtheria toxin (DT) treatment to se-
lectively deplete lamina propria DCs (2). This
reduced interleukin-17 production by T cells but
had no effect on regulatory T (Treg) cells, which
was interpreted as showing that DCs were in-
flammatory rather than tolerogenic in the intes-
tine. On the basis of additional in vitro co-culture
analysis, the authors concluded it was macro-
phages that regulated tolerance. The extent of DC
depletion appeared incomplete, because CD11c+

cells were reduced only from 4% in controls to
1.6% in mice after DT treatment, as shown in
supplementary figure 7a in (3). The deletion of
other cells, such as CD11b+CD11c–macrophages,
was not analyzed. Still, the authors concluded that
macrophages, and not DCs, maintained tolerance,
even though depletion of CD11c+ DCs was only
60% complete.

In (1), Manicassamy et al. claim that expression
of CD11c-Cre “specifically abrogated b-catenin
expression in DCs” on the basis of data presented
in their figure S3, A and B. This figure shows
flow cytometric analysis of intracellular b-catenin
expression in cells gated as CD11c+CD11b–,
CD11c+CD11b+, and CD11c–CD11b+. DCs were
defined as CD11c+, whereas macrophages were
defined asCD11c–CD11b+. TheCD11c andCD11b
staining itself is not shown but may be similar to
figure S8 in (1), the only figure that presents CD11c
and CD11b staining. Although macrophages are
known to express CD11c at levels significant
enough to cause deletion in a DTR system (3), and
in some cases as highly as DCs (4), the study re-
fers to macrophages as “CD11c–,” and CD11c
staining controls are not provided. Nonetheless, the
authors state that “b-catenin expression was abro-
gated in the CD11c+CD11b– and CD11c+CD11b+

DCsbut only partially abrogated inCD11c–CD11b+

macrophages.” It is this last phrase—the “only
partially abrogated” part—that may warrant fur-
ther consideration.

Unfortunately, raw fluorescence-activated cell
sorting data are not archived with publications—
unlike microarray data—preventing subsequent
analysis by readers. To my eye, however, figure
S3B in (1) shows substantial deletion of b-catenin
in CD11c–CD11b+ cells. The absence of gates or
percentages in the histograms makes it difficult
to quantify the extent of deletion, and showing
flow cytometric data without gates or percent-
ages may be a suboptimal form of analysis (5).
On rough visual inspection, however, a large per-
centage of macrophages do not express b-catenin
at all and the rest express b-catenin at roughly
half the level of wild-type macrophages. To be
specific, in the lower right panel of figure S3B
(1), a jagged red line directly overlays the shaded-
gray isotype negative control population; these
are macrophages that are negative for b-catenin.
To the right, the red line forms a peak posi-
tioned well to the left of the solid-black posi-
tive control (b-catfl/fl); these are macrophages
that express approximately half the amount of
b-catenin found in control mice. Presenting the
histograms as normalized to equal peak heights,
rather than equal event numbers, tends to draw
attention away from these differences between
the samples. Presenting the data as equal num-
bers of events would have reduced the height of
the red peak and drawn attention to clear differ-
ences between the level of b-catenin expression
in the macrophage populations from the con-
trol b-catfl/fl sample and the Cre-deleted exper-
imental sample. Despite substantial deletion of
b-catenin in macrophages, the study refers to
these mice as “b-catDC−/−” throughout.

TheCD11c–CD11b+macrophages that express
reduced amounts of b-catenin may also function
abnormally because a heterozygous phenotype
has been reported for b-catenin (6). This would
be consistent with the authors' statement that
“LP-macrophages of b-catDC−/−mice were some-
what less potent in inducing Treg cells as com-
pared with b-catfl/fl LP-macrophages.” In any case,
the unintended deletion of b-catenin in macro-
phages in the present study would appear more
complete that the intended depletion of DCs in
their previous study.

Distinguishing DCs and macrophages on the
basis of positive and/or negative expression of
CD11c and CD11b may be too simplistic. Macro-
phages express relevant amounts of CD11c, as
shown by their deletion of b-catenin by a CD11c-
driven Cre. DCs and macrophages share many
overlappingmarkers whose expression can change
under various conditions, locations, and times.
All these issues suggest that ascribing functions
to lineages based on Cre-mediated deletion can
sometimes be a tricky business, and it may still be
unresolved which cells contribute to intestinal
tolerance.

TECHNICALCOMMENT

Department of Pathology and Immunology, Washington
University School of Medicine, St. Louis, MO 63110, USA.
E-mail: kmurphy@wustl.edu

www.sciencemag.org SCIENCE VOL 333 22 JULY 2011 405-a

on June 26, 2017
 

http://science.sciencem
ag.org/

D
ow

nloaded from
 

http://science.sciencemag.org/


References
1. S. Manicassamy et al., Science 329, 849 (2010).
2. T. L. Denning, Y. C. Wang, S. R. Patel, I. R. Williams,

B. Pulendran, Nat. Immunol. 8, 1086 (2007).

3. H. C. Probst et al., Clin. Exp. Immunol. 141, 398 (2005).
4. D. Bedoret et al., J. Clin. Invest. 119, 3723 (2009).
5. L. A. Herzenberg, J. Tung, W. A. Moore, L. A. Herzenberg,

D. R. Parks, Nat. Immunol. 7, 681 (2006).

6. J. Dômont et al., Br. J. Cancer 102, 1032 (2010).

27 September 2010; accepted 23 June 2011
10.1126/science.1198277

22 JULY 2011 VOL 333 SCIENCE www.sciencemag.org405-a

TECHNICAL COMMENT
on June 26, 2017
 

http://science.sciencem
ag.org/

D
ow

nloaded from
 

http://science.sciencemag.org/


in the Intestine''
-Catenin in Dendritic Cells Regulates Immunity Versus ToleranceβComment on ''Activation of 

Kenneth M. Murphy

DOI: 10.1126/science.1198277
 (6041), 405.333Science 

ARTICLE TOOLS http://science.sciencemag.org/content/333/6041/405.1

PERMISSIONS http://www.sciencemag.org/help/reprints-and-permissions

Terms of ServiceUse of this article is subject to the 

 is a registered trademark of AAAS.Science
licensee American Association for the Advancement of Science. No claim to original U.S. Government Works. The title 
Science, 1200 New York Avenue NW, Washington, DC 20005. 2017 © The Authors, some rights reserved; exclusive 

(print ISSN 0036-8075; online ISSN 1095-9203) is published by the American Association for the Advancement ofScience 

on June 26, 2017
 

http://science.sciencem
ag.org/

D
ow

nloaded from
 

http://science.sciencemag.org/content/333/6041/405.1
http://www.sciencemag.org/help/reprints-and-permissions
http://www.sciencemag.org/about/terms-service
http://science.sciencemag.org/

