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Intestinal homeostasis depends on 
the proper activity of the intestinal 

stem cells (ISCs) and an appropriate 
host response to the normal resident 
microbiota. The question on the effect of 
microbiota on ISCs behavior has not been 
addressed yet. Canonical Wnt pathway 
and ISC gene expression signature was 
compared in germfree vs. conventional 
and MyD88−/− vs. Myd88+/+ mice based 
on publicly available gene expression 
data sets. Microbiota and MyD88-
dependent signaling have distinct effects 
on the Wnt pathway and ISC at gene 
expression level. In addition, the effect 
of microbiota and MyD88-dependent 
signaling on Wnt pathway and ISCs 
show regional variation. The net effect 
of microbiota on Wnt pathway and ISCs 
cannot be inferred from the available 
data. Nonetheless, the data are suggestive 
of a potential regulatory mechanism 
of the Wnt pathway by the microbiota 
and plausibly by any alteration in the 
microbiota composition.

A prominent difference between the 
small intestine and colon is the number 
and composition of the normal resident 
bacteria. A relatively lower number and 
fewer species reside in the stomach and 
upper small intestine due to the specific 
composition of luminal constituents 
and the propulsive motion of the region. 
However, the distal part of the small 
intestine and colon is habitat to a diverse 
and densely populated microbiota.1 The 
highest microbiota content is found in 
distal ileum and colon where the bacterial 
concentration reaches 1012–1014 cells/ml of 
the luminal content.2

Intestinal homeostasis depends on the 
proper activity of the intestinal stem cells 
(ISCs) and an appropriate host response 
to the normal resident microbiota. 
ISCs constitute a small proportion of 
intestinal epithelium which are defined 
by demonstrating self-renewal capacity 
and multipotency. They are responsible 
for intestinal epithelium rapid physiologic 
turnover and regeneration following 
injury. ISCs are identified at the base of 
the crypt and at the position 4 from the 
base of the crypt in the murine small 
intestine. The crypt base columnar (CBC) 
cells are Lgr5 positive and their cycling 
rate is estimated to be once every 24 h.3 
The position 4 cells, on the other hand, 
are positive for Bmi1 and mTert and are 
quiescent and slow cycling.4,5

There is a constant interaction between 
intestinal epithelium and microbiota via 
pattern recognition receptors including 
toll-like receptors (TLRs). Lgr5+ ISCs 
express TLR4 which is shown to affect 
the crypt dynamic in vivo.6 However, the 
effect of microbiota and TLR signaling 
on ISCs is largely unknown. MyD88 is 
the main adaptor protein downstream 
of TLRs.7 MyD88 signaling is required 
for intestinal tissue homeostasis and 
response to injury as MyD88−/− mice are 
more susceptible to acute dextran sodium 
sulfate (DSS)-induced colitis and develop 
a more severe disease.8 However, MyD88-
deficiency does not affect the crypt size 
and proliferative status under physiologic 
condition.9

The effect of the entire microbiota 
and MyD88-dependent signaling on the 
ISCs is not yet elucidated. Crypt size and 
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proliferative status are indistinguishable 
in germfree wildtype, conventional 
MyD88−/−, and conventional wildtype 
mice.9 An intestinal pathogen, i.e., 
Salmonella typhimurium, has been 
shown to activate intestinal Wnt 
signaling pathway both in vitro and 
in vivo.10-15 Unlike mice, the intestinal 
epithelium proliferation rate is decreased 
in germfree zebrafish larvae compared 
with conventionally-reared. The effect of 
microbiota on the intestinal epithelium 
proliferation is mediated via MyD88 and 
is not dependent on microbiota-induced 
inflammatory response. The crosstalk 
between microbiota and Wnt pathway 
was investigated in axin1 mutated larvae. 
Axin1 mutant larvae have an increased 
level of intestinal epithelial proliferation 
which is significantly inhibited when 

reared germfree or treated with MyD88 
inhibitor. Furthermore, microbiota affects 
the Wnt pathway activity as evident by 
reduced level of cytoplasmic β-catenin 
in germfree animal.16 In order to gain 
insight into the effect of microbiota and 
MyD88-dependent signaling on ISCs, 
I queried the publicly available gene 
expression data at http://microbiota.wall.
gu.se/ (access date 1 July 2013) for the 
ISC gene signature and canonical Wnt 
pathway components. Larsson et al. have 
conducted a systematic gene expression 
analysis along the intestinal tract in mice. 
They assessed the effect of microbiota 
and MyD88-dependent signaling on 
intestinal whole tissue gene expression in 
different segments of the small intestine 
and colon by cDNA microarray.17 Both 
microbiota and ISCs are required for 
physiologic intestinal homeostasis. It is 
plausible that microbiota and MyD88-
dependent signaling exert their effect on 
epithelial maintenance via their effect on 
ISCs. To assess this hypothesis, the ISC 
signature and canonical Wnt pathway 
gene expression were compared in 
germfree vs. conventional and MyD88−/− 
vs. MyD88+/+ mice. A set of 28 genes 
identified in two separate reports of the 
gene expression signature of ISC in mice 
was selected as ISC signature.18,19 The 
genes which were significantly altered  
(P < 0.05) were noted. Wnt pathway and 
ISCs are affected by both microbiota and 
MyD88-dependent signaling. However, it 
seems that the effect of microbiota is not 
totally mediated by MyD88-dependent 
pathway. Furthermore, an interesting 
regional variation of the Wnt pathway 
and ISC gene expression signature in 
response to microbiota and MyD88 
signaling is observed along the intestinal 
tract. Lgr5 is the best-studied single ISC 
marker. It is found to be downregulated 
in duodenum, unchanged in jejunum, and 
increased in ileum and colon in germfree 
mice compared with conventional 
whereas it is unchanged in duodenum, 
jejunum, and colon; and is increased in 
ileum in MyD88−/− vs. MyD88+/+ mice. 
Among the ISC gene signature, Ascl2, 
Cd44, Cenpf, Cyp2e1, and Phgdh are 
co-regulated in germfree vs. conventional 
mice; the relevance of which to ISC 
biology remains unclear. It is noteworthy 

that while some genes are consistently 
increased or decreased in an experimental 
condition, some are distinctly regulated 
in different regions of the intestinal tract 
(Figs. 1 and 2). The inherent limitations 
of cDNA microarray as well as assessing 
the whole intestinal tissue rather than 
isolated epithelial cells or sorted ISCs are 
the major caveats of Larsson et al. report. 
Nonetheless, the data are suggestive of the 
effect of microbiota and MyD88 signaling 
on Wnt pathway and ISC gene signature in 
mice with potentially important regional 
variations.

Variation of the crypt dynamic 
and ISCs along the intestinal tract is 
poorly appreciated. Crypt structure is 
an indirect measure of the ISC activity. 
Regional differences in the crypt size, 
proliferative index, and distribution of 
proliferative cells along the crypt axis 
has been reported. The crypt length was 
found to be significantly shorter in the 
ascending colon compared with transverse 
and descending colon. Moreover, the 
total number of proliferative cells was 
significantly lower in ascending colon 
compared with other colon segments. 
Other suggested variations include the 
cell cycle time, duration of mitosis, and 
apoptotic index post-irradiation.20,21 King 
et  al. also observed a regional difference 
in the expression pattern of a putative, yet 
controversial ISC marker along the crypt 
axis in proximal vs. distal colon in mice.22 
In an elegant experiment by Leedham 
et al., it was observed that the total number 
of Lgr5+ stem cells significantly varies in 
different segments of the small intestine 
as well as between the small intestine and 
colon in mouse and human. There is also 
a regional difference in the gene expression 
level of stem-cell related genes and Wnt 
pathway modulators along the intestinal 
tract.23 ISCs are conceptually regarded 
as one entity. However, organizational 
differences exist in the small intestine 
compared with colon which plausibly 
dictates a distinct stem cell dynamic in 
the two organs. For example, two groups 
of stem cells are identified in the murine 
small intestine whereas in the colon only 
one group exists.24,25 Moreover, intestinal 
diseases show significant regional variation 
in disease predilection. It is conceivable 
that ISCs response to their environmental 

Figure 1. Intestinal stem cell gene expression 
signature alteration in Germfree (GF) vs. con-
ventional (CONV) and MyD88−/− vs. MyD88+/+ 
mice. A set of 28 genes were selected as ISC 
mRNA signature based on previous reports.18,19 
Publicly available database from Larsson et al. 
was queried for the genes of interest. Genes 
with significant alteration (P value < 0.05) 
were noted. There was no gene expression 
data available for PTPRO. Green, decreased; 
red, increased; white, unchanged; Du, duode-
num; Je, jejunum; Ile, ileum; co, colon.



©
20

14
 L

an
de

s 
B

io
sc

ie
nc

e.
 D

o 
no

t d
is

tri
bu

te

www.landesbioscience.com	 Gut Microbes	 13

signals is different in distinct regions of the 
intestine. However, the exact mechanism 
of cross-regulation of ISCs by microbiota 
and potential regional variation requires 
further investigation which includes but 

is not limited to selectively comparing the 
sorted ISCs in terms of their transcriptome 
and in vitro organoid formation capacity 
from different segments of the intestinal 
tract in germfree and MyD88 −/− mice. 
Moreover, more robust techniques 
including RNA-seq chould be employed 
to allow for detection of the minute 
alterations across experiments.

Disclosure of Potential Conflicts of Interest

No potential conflict of interest was 
disclosed.�

Figure  2. Wnt pathway in Germfree (GF) 
vs. conventional (CONV) and MyD88−/− vs. 
MyD88+/+ mice. Publicly available database 
from Larsson et al. was queried for the genes 
of interest. Genes with significant alteration  
(P value < 0.05) were noted. Green, decreased; 
red, increased; white, unchanged; Du, 
duodenum; Je, jejunum; Ile, ileum; co, colon.
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