
CD14KO, but not TLR2KO, mice (Fig. 4B and
table S1). Thus, our results support a model (fig.
S7) whereby LPS-induced signaling drives a
viral “subversion” pathway via IL-10 production
that promotes viral transmission to successive
generations.

Detailed analysis of the actual viral load in
subsequent generations of infected IL-10KO and
IL-6KO mice revealed that it was reduced grad-
ually and that it took different numbers of pas-
sages for various families to completely eliminate
the virus (table S1 and fig. S8). Thus, it appears
that, in early generations, a high viral load can
compensate for the loss of the TLR4-dependent
subversion pathway and overpower the adaptive
immune response. However, the virus is eventu-
ally lost in each infected mouse pedigree, as the
virus load is reduced with each subsequent pas-
sage (fig. S8).

Commensal microbiota are required for many
homeostatic functions of the intestinal mucosa
and other barrier tissues. Microbiota control tis-
sue repair (16), induction of tolerance to self
[including tolerance to itself (17) and to auto-
antigens of the host (18)], and oral tolerance of
adults to ingested antigens (19, 20). At present, it
is unknown whether neonatal oral tolerance is
also dependent onmicrobiota or whetherMMTV
induces neonatal oral tolerance to itself by a
uniquemechanism available to retroviruses. Com-
mensals interact with various pathogens and pro-
tect the host against infection with pathogenic
and opportunistic bacteria (21), protozoa (22),
and fungi (23) or facilitate infection with hel-
minthes (24). However, the role of commensal
bacteria in viral transmission and/or pathogenesis
is only beginning to unravel. It is highly likely
that bacterial microbiota can play both protective
(25) and abetting roles (present report) in their

interactions with viruses. The lack of knowledge
in this area makes it important to expand such
investigations to other systems. It is not yet clear
whether other viruses take advantage of bacte-
rial products, such as LPS, to achieve successful
transmission. Retroviruses transmitted through
mucosal surfaces may also use similar strat-
egies. In humans, the highest risk of human
immunodeficiency virus (HIV) transmission oc-
curs across mucosal surfaces among individuals
who practice receptive anal intercourse (26), and
risk is also high in infants breastfed by HIV-
infected mothers (27, 28). This study sheds light
on the previously unknown role of commensal
microbiota in retroviral pathogenesis and suggests
new approaches to the prevention ofmucosal trans-
mission, viral-specific vaccination, and therapies.

References and Notes
1. E. P. Browne, D. R. Littman, PLoS Pathog. 5, e1000298

(2009).
2. A. W. Hardy, D. R. Graham, G. M. Shearer,

J. P. Herbeuval, Proc. Natl. Acad. Sci. U.S.A. 104,
17453 (2007).

3. M. Kane et al., Immunity 35, 135 (2011).
4. M. H. Malim, M. Emerman, Cell Host Microbe 3, 388 (2008).
5. U. Dittmer et al., Immunity 20, 293 (2004).
6. B. A. Jude et al., Nat. Immunol. 4, 573 (2003).
7. R. Medzhitov, P. Preston-Hurlburt, C. A. Janeway Jr.,

Nature 388, 394 (1997).
8. A. Poltorak et al., Science 282, 2085 (1998).
9. T. Kawai, S. Akira, Nat. Immunol. 11, 373 (2010).
10. J. C. Rassa, J. L. Meyers, Y. Zhang, R. Kudaravalli,

S. R. Ross, Proc. Natl. Acad. Sci. U.S.A. 99, 2281 (2002).
11. T. V. Golovkina, J. P. Dudley, S. R. Ross, J. Immunol. 161,

2375 (1998).
12. P. Marrack, E. Kushnir, J. Kappler, Nature 349, 524

(1991).
13. D. A. Hill, D. Artis, Annu. Rev. Immunol. 28, 623 (2010).
14. T. V. Golovkina, M. Shlomchik, L. Hannum,

A. Chervonsky, Science 286, 1965 (1999).
15. F. E. Dewhirst et al., Appl. Environ. Microbiol. 65, 3287

(1999).

16. S. Rakoff-Nahoum, J. Paglino, F. Eslami-Varzaneh,
S. Edberg, R. Medzhitov, Cell 118, 229 (2004).

17. S. Rakoff-Nahoum, R. Medzhitov, Mucosal Immunol. 1,
(Suppl 1), S10 (2008).

18. L. Wen et al., Nature 455, 1109 (2008).
19. M. C. Moreau, G. Corthier, Infect. Immun. 56, 2766

(1988).
20. N. Sudo et al., J. Immunol. 159, 1739 (1997).
21. B. Stecher, W. D. Hardt, Trends Microbiol. 16, 107

(2008).
22. A. Benson, R. Pifer, C. L. Behrendt, L. V. Hooper,

F. Yarovinsky, Cell Host Microbe 6, 187 (2009).
23. M. J. Wargo, D. A. Hogan, Curr. Opin. Microbiol. 9,

359 (2006).
24. K. S. Hayes et al., Science 328, 1391 (2010).
25. T. Ichinohe et al., Proc. Natl. Acad. Sci. U.S.A. 108,

5354 (2011).
26. R. A. Royce, A. Seña, W. Cates Jr., M. S. Cohen, N. Engl.

J. Med. 336, 1072 (1997).
27. R. Nduati et al., JAMA 283, 1167 (2000).
28. J. H. Humphrey et al.; ZVITAMBO study group, BMJ 341,

c6580 (2010).
Acknowledgments: We thank B. Theriault and A. Vest for

their help in monitoring gnotobiotic animals. This
work was supported by T32GM007183 to M.K., K.K.,
and C.M.; by T32 AI065382-01 to L.C.; by Juvenile
Diabetes Research Foundation grants 2005-204 and
2007-353; by the National Institute of Allergy and
Infectious Diseases (NIAID) NIH AI082418 and the
National Institute of Diabetes and Digestive and Kidney
Diseases, NIH, Digestive Disease Research Core Center
grant DK42086 to A.V.C.; by National Cancer Institute,
NIH, grant CA100383 and NIAID grant AI090084 to
T.V.G.; and by a grant (P30 CA014599) to The University
of Chicago. A material transfer agreement is required
for use of the SPF and GF C3H-based mutant strains of
mice. The data reported in this paper are tabulated in the
main paper and the supporting online material.

Supporting Online Material
www.sciencemag.org/cgi/content/full/334/6053/245/DC1
Materials and Methods
Figs. S1 to S8
Table S1
References (29–48)

5 July 2011; accepted 24 August 2011
10.1126/science.1210718

Intestinal Microbiota Promote
Enteric Virus Replication and
Systemic Pathogenesis
Sharon K. Kuss,1 Gavin T. Best,1 Chris A. Etheredge,1* Andrea J. Pruijssers,2,3

Johnna M. Frierson,3,4 Lora V. Hooper,1,5,6 Terence S. Dermody,2,3,4 Julie K. Pfeiffer1†

Intestinal bacteria aid host health and limit bacterial pathogen colonization. However, the influence
of bacteria on enteric viruses is largely unknown. We depleted the intestinal microbiota of mice with
antibiotics before inoculation with poliovirus, an enteric virus. Antibiotic-treated mice were less
susceptible to poliovirus disease and supported minimal viral replication in the intestine. Exposure to
bacteria or their N-acetylglucosamine–containing surface polysaccharides, including lipopolysaccharide
and peptidoglycan, enhanced poliovirus infectivity. We found that poliovirus binds lipopolysaccharide,
and exposure of poliovirus to bacteria enhanced host cell association and infection. The pathogenesis
of reovirus, an unrelated enteric virus, also was more severe in the presence of intestinal microbes.
These results suggest that antibiotic-mediated microbiota depletion diminishes enteric virus infection
and that enteric viruses exploit intestinal microbes for replication and transmission.

Enteric viruses encounter up to 1014 bacteria
in the mammalian intestine (1). It is un-
clear whether commensal microorganisms

affect enteric viruses. Poliovirus is an enteric hu-
man pathogen transmitted by the fecal-oral route
and serves as a model for enteric virus infec-

tions (2). Orally acquired poliovirus undergoes a
primary replication cycle in the gastrointestinal
tract before dissemination. Poliovirus occasion-
ally disseminates from the intestine to the central
nervous system, which results in paralytic polio-
myelitis days to weeks after initial infection in the
gastrointestinal tract. A key question is whether
microbiota influence viral replication in the gastro-
intestinal tract to augment systemic dissemination.

To investigate the effect of intestinal micro-
biota on poliovirus infection, mice susceptible to

1Department of Microbiology, University of Texas Southwestern
Medical Center, Dallas, TX 75390, USA. 2Department of Pe-
diatrics, Vanderbilt University School of Medicine, Nashville,
TN 37240, USA. 3Elizabeth B. Lamb Center for Pediatric
Research, Vanderbilt University School of Medicine, Nash-
ville, TN 37240, USA. 4Department of Pathology, Micro-
biology, and Immunology, Vanderbilt University School of
Medicine, Nashville, TN 37240, USA. 5Department of Im-
munology, University of Texas Southwestern Medical Center,
Dallas, TX 75390, USA, 6Howard Hughes Medical Institute.

*Present address: Neurosciences Department, Medical Univer-
sity of South Carolina, Charleston, SC 29425, USA.
†To whom correspondence should be addressed. E-mail:
julie.pfeiffer@utsouthwestern.edu

www.sciencemag.org SCIENCE VOL 334 14 OCTOBER 2011 249

REPORTS

 o
n 

M
ay

 1
6,

 2
01

7
ht

tp
://

sc
ie

nc
e.

sc
ie

nc
em

ag
.o

rg
/

D
ow

nl
oa

de
d 

fr
om

 

http://science.sciencemag.org/


poliovirus were treated with antibiotics to deplete
microbes, and viral diseasewasmonitored (fig. S1)
(3). Murine poliovirus infection requires expres-
sion of the human poliovirus receptor, PVR (4–6).
PVR-transgenic mice (PVRtg), however, are not
susceptible to oral poliovirus infection unless ren-
dered immunodeficient by interferon-a/b recep-
tor gene inactivation (PVRtg-Ifnar1−/−) (7, 8).
PVRtg-Ifnar1−/− mice were untreated or treated
orally with four antibiotics before oral inocu-
lation with poliovirus. Antibiotic treatment re-
duced culturable intestinal bacteria by amillionfold
(Fig. 1A). The mortality of untreated mice was
twice that of antibiotic-treated mice (Fig. 1B).
Reintroduction of fecal bacteria into antibiotic-
treated mice enhanced poliovirus disease, which
suggested that microbiota promote poliovirus
pathogenesis. However, when the intestinal
lumenwas bypassed by intraperitoneal inocula-
tion of poliovirus, pathogenesis was microbiota-
independent (Fig. 1C and fig. S2). Given that
orally inoculated poliovirus enters the intestine
and encounters the large number of bacteria that
reside there, the microbiota-mediated enhance-
ment of poliovirus pathogenesis in orally inocu-
lated mice is likely initiated in the intestine.

To determine whether mice harboring micro-
biota support more efficient poliovirus replication
than mice with depleted microbiota, we quanti-
fied viral titers from fecal samples (Fig. 1D and
fig. S3A), because poliovirus was undetectable
in intestinal tissue (fig. S4), and minimal intesti-
nal pathology was evident (fig. S5). Peak polio-
virus titers in feces from antibiotic-treated animals
were lower than those from untreated mice, but
titers from antibiotic-treated mice were higher at
later times. Prolonged shedding from antibiotic-
treated mice was due to slower peristalsis, because
dye transit also was delayed (fig. S6) (9). We
postulated that increased poliovirus titers from
antibiotic-treated mice at late times might be due
to extended shedding of unreplicated inoculum
virus. To differentiate between replicated and in-
oculum virus, we first quantified fecal shedding of
poliovirus from nonpermissive mice lacking PVR
and observed elevated late titers in antibiotic-
treated mice, which suggested that total viral titers
in feces and replication are not linked (fig. S3B).
We then quantified viral replication in PVR mice
using light-sensitive poliovirus. Poliovirus propa-
gated in the presence of neutral red dye is sensitive
to light-induced inactivation by RNA cross-linking
but loses light sensitivity upon replication in the
dark inside mice, facilitating assessment of rep-
lication (10). We orally inoculated untreated or
antibiotic-treated mice with light-sensitive po-
liovirus and collected feces in the dark. Fecal
viruses were light-exposed or unexposed and
quantified to determine replication status (fig.
S7). PVRtg-Ifnar1−/− and PVRtgmice harboring
microbiota supported efficient intestinal polio-
virus replication, whereas antibiotic-treated mice
did not (Fig. 1, E and F). Therefore, total fecal
titers do not reflect viral replication, a fact only
revealed by using light-sensitive viruses. More-

over, poliovirus intestinal replication was equiv-
alent in Ifnar1M +/+ and Ifnar1−/− mice, which
suggested that intestinal replication was IFNAR-
independent. Because poliovirus infection was le-
thal for a fraction of antibiotic-treated mice (Fig.
1B), it is possible that either minimal viral rep-
lication was sufficient for lethality or inoculum
virus breached the epithelium and replicated
in extraintestinal sites, occasionally initiating dis-

ease. Collectively, these results indicate that the
microbiota enhance gastrointestinal poliovirus
replication.

We gathered several lines of evidence sug-
gesting that diminished poliovirus replication and
disease in antibiotic-treated mice is due to mi-
crobiota depletion rather than direct effects of
antibiotic treatment. We first tested whether an-
tibiotics directly affect poliovirus and found that

Fig. 1. Poliovirus pathogenesis, shedding, and replication in microbiota-depleted mice. (A) Bacterial
loads in feces. PVRtg-Ifnar1−/− mice (n = 4 to 7) were untreated, antibiotic-treated (Abx) for 10 days, or
antibiotic-treated for 8 days and recolonized for 2 days with fecal bacteria (Abx + recol). Feces were plated
and grown anaerobically, yielding colony-forming units (CFU) per milligram of feces. (B) Survival of
PVRtg-Ifnar1−/−mice orally inoculated with poliovirus (untreated, n = 30; Abx, n = 26; Abx + recol, n = 8).
*P = 0.012, log-rank test. (C) Survival of PVRtg-Ifnar1−/−mice intraperitoneally inoculated with poliovirus
(n = 10 mice each). (D) Poliovirus shedding from PVRtg-Ifnar1−/− mice. Mice were orally inoculated with
poliovirus, feces were collected (n = 2 to 26 per interval), and poliovirus was isolated and quantified by
plaque assay, yielding plaque-forming units (PFU) per milligram of feces. (E and F) Poliovirus replication
in intestinal tracts of PVRtg-Ifnar1−/− (E) or PVRtg (F) mice orally inoculated with light-sensitive poliovirus
(n = 3 to 9 mice per interval). Feces were harvested, and virus was quantified with or without light
exposure to determine percent replication. Symbols represent means + SEM, *P < 0.05, **P < 0.01,
Student’s t test. n = 2 to 6 experiments for all.

Fig. 2. The effects of an-
tibiotic treatment on po-
liovirus replication and
pathogenesis. (A) Polio-
virus replication kinetics
in MEFs and HeLa cells
with or without antibi-
otics. (B) Fecal bacterial
loads from untreated or
antibiotic-treatedmice har-
boring antibiotic-resistant
(abxR) bacteria. Feces were
plated on rich medium
with or without four an-
tibiotics. (C) Survival of
PVRtg-Ifnar1−/−mice oral-
ly inoculated with polio-
virus premixed with four
antibiotics (Untreated+abx
PV, n = 9 mice) or polio-
virus alone in antibiotic-treated mice harboring AbxR bacteria (Abx + abxR, n = 8 mice). (Results from
untreated and antibiotic-treated mice are from Fig. 1B.) (D) Replication of light-sensitive poliovirus in
untreated mice receiving poliovirus + antibiotics inoculum and antibiotic-treated mice harboring abxR
bacteria in comparison with antibiotic-treated mice. (Results from antibiotic-treated mice are from
Fig. 1E.) Each symbol represents mean T SEM. (A) and (B), n = 2 to 5 experiments, (C) and (D) are
from a representative experiment.
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poliovirus replication kinetics were identical in
the presence and absence of antibiotics in HeLa
cells andPVRtgmouse embryo fibroblasts (MEFs)
(Fig. 2A). We next assayed poliovirus replication
and pathogenesis in antibiotic-treated mice har-
boring antibiotic-resistant bacteria. For these ex-
periments, we treated PVRtg-Ifnar1−/−micewith
antibiotics to select antibiotic-resistant micro-
biota (fig. S8). After several weeks, fecal bac-
teria were insensitive to antibiotics in vitro (Fig.
2B). The strain resistant to multiple antibiotics
was identified as Ochrobactrum intermedium,
a Gram-negative aerobe, by 16S ribosomal DNA
sequencing of fecal-derived subclones (fig. S9).
Poliovirus replicated and was pathogenic in
antibiotic-treated mice harboringO. intermedium
(Fig. 2, C and D). Finally, poliovirus mixed with
antibiotics before oral inoculation of mice repli-
cated and was pathogenic (Fig. 2, C and D).
Therefore, diminished poliovirus replication and
pathogenesis in antibiotic-treated mice is not due
to direct antiviral effects of antibiotics.

Because all enteric viruses encounter intes-
tinal bacteria within the host, we examined the
specificity of the microbiota effects using reo-
virus, an enteric virus that infects most mam-
mals (11). Although immunocompetent adult
mice do not display overt reovirus disease symp-
toms, immunocompromised adult mice devel-
op nonfatal disease after oral inoculation with
reovirus strain T3SA+. We orally inoculated un-
treated or antibiotic-treated immunocompromised
PVRtg-Ifnar1−/− mice with reovirus. Feces from
untreated mice were yellow, oily, and hardened,
typical of biliary obstruction from T3SA+ reo-
virus replication and damage (12), whereas fe-
ces from antibiotic-treated mice appeared normal
(Fig. 3, A and B). Furthermore, analysis of in-
testines revealed severe reovirus-induced pathol-
ogy, with enlarged Peyer’s patches in untreated,
but not antibiotic-treated, mice (Fig. 3, C and
D). Reovirus titers in intestines from untreated
mice were significantly higher than those from
antibiotic-treated mice (Fig. 3E). These results
suggest that intestinal microbes promote reovirus
disease and, therefore, may promote infection
with other enteric viruses.

The microbiota-dependent enhancement of
poliovirus replication and pathogenesis could be
mediated by microbiota-induced host effects, vi-
ral effects, or both. To discriminate between these
possibilities, we investigated whether intestinal
microbes alter poliovirus infectivity. First, we
tested whether poliovirus infectivity was altered
by exposure to intestinal microbiota in vivo. We
orally inoculated untreated, antibiotic-treated, and
germ-free mice with poliovirus; harvested lume-
nal contents from the lower small intestine 2 hours
postinfection; and quantified infectivity of iso-
lated poliovirus in primary MEFs and HeLa cells.
The infectivity in MEFs of poliovirus isolated
from untreated mice was twice that of tissue
culture–derived virus and antibiotic-treated and
germ-free intestinal virus (fig. S10). Second, we
developed an ex vivo–in vitro assay to examine

Fig. 3. Reovirus pathogenesis inmicrobiota-
depleted mice. (A) PVRtg-Ifnar1−/− mice
were uninfected, untreated (n = 5), or
antibiotic-treated (n = 5) or infected
perorally with reovirus, untreated (n =
13) or antibiotic-treated (n = 15). Feces
were collected 24 hours post inoculation.
(B) Fecal pathology (table S1). (C) Up-
per (top) and lower (bottom) small intes-
tines were harvested from untreated and

antibiotic-treated PVRtg-Ifnar1−/− mice on day 4 post infection or from uninfected mice. Arrows indi-
cate Peyer’s patches. (D) Quantification of Peyer’s patch sizes [from (C)] from uninfected and infected
mice. (E) Reovirus titers from day 4 post infection PVRtg-Ifnar1−/−mouse tissues. Plaque assays were
performed using murine L929 cells, yielding PFU per milligram of tissue. For (B) to (E), n = 4 to 9
untreated mice, n = 2 to 9 antibiotic-treated mice. Each symbol or bar denotes the mean + SEM. *P <
0.05, **P < 0.01, Student’s t test. Scale bars in (A) and (C), 5 mm. (A) and (C), representative of 3 to 5
experiments; n = 2 to 4 experiments for (B), (D), and (E).

Fig. 4. Effects of bacteria and polysaccharides on poliovirus. (A) Strategy for in vitro poliovirus infectivity
experiments. (B) Poliovirus recovered after incubation in PBS. (C) Poliovirus infectivity after exposure to PBS,
feces, or feces supplemented with B. cereus or LPS (6 hours at 37°C). (D) Poliovirus infectivity after exposure
to medium (DME) or bacterial strains (107, 108, or 109 CFU) (6 hours at 37°C). (E) Poliovirus infectivity after
incubation with compounds (1 mg/ml) (6 hours at 42°C). (F) Poliovirus infectivity after incubation with
various concentrations of compounds (6 hours at 42°C). (G) Poliovirus binding to LPS. Poliovirus was
incubated with or without biotinylated LPS for 1 hour at 37°C. A monomeric avidin column was loaded with
samples and washed with PBS to collect fractions 1 to 6. Excess biotin was added to elute (fractions 7 to 12).
Poliovirus was quantified yielding PFU per fraction, P < 0.0001, two-way analysis of variance (ANOVA). (H)
Binding of radiolabeled poliovirus to HeLa cells. 35S-labeled poliovirus was incubated with PBS or 108 CFU B.
cereus for 1 hour at 37°C. An equal volume of PBS or B. cereus was added, followed by immediate
incubation with HeLa cells. After washing, cell-associated radioactivity was quantified. For all, n = 2 to 8
experiments, and bars and symbols denote mean T SEM, *P < 0.05, **P < 0.01, Student’s t test.
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poliovirus infectivity (Fig. 4A). Poliovirus was
incubated at 37° or 42°C, and viable virus was
quantified by plaque assay. Poliovirus incubated
in phosphate-buffered saline (PBS), feces from
antibiotic-treated mice, and germ-free feces lost
viability (Fig. 4, B and C). However, poliovirus
incubated in untreated feces or germ-free feces
supplemented with bacteria had significantly in-
creased viability (Fig. 4C). Similarly, poliovirus
incubated with Gram-negative (Escherichia coli
or O. intermedium) or Gram-positive (Bacillus
cereus or Enterococcus faecalis) bacteria had sig-
nificantly increased viability (Fig. 4D). Exposure
to B. cereus increased poliovirus infectivity more
than 500%. Enhancement of poliovirus infectiv-
ity did not require live bacteria (fig. S11). More-
over, poliovirus incubated with certain bacterial
surface polysaccharides, including lipopolysac-
charide (LPS) and peptidoglycan (PG), had sig-
nificantly enhanced yield over PBS-treated controls
(Fig. 4, C and E, and fig. S12). The enhancement
was not due to cellular effects of LPS or PG treat-
ment (fig. S13).We tested a variety of glycans and
other compounds, and only N-acetylglucosamine
(GlcNAc)–containing polysaccharides (e.g.,
chitin) demonstrated activity (Fig. 4E). Mucin,
a host protein modified with GlcNAc-containing
polysaccharides, also had activity (13). Of the
purified components tested, LPS was the most
potent enhancer of poliovirus infectivity, with ac-
tivity at concentrations 1/20th those of chitin or
mucin (Fig. 4F).Using biotinylatedLPSandmono-
meric avidin columns, we found that poliovirus
binds LPS (Fig. 4G). Because B. cereus exposure
produced the largest increase in poliovirus yield,

we testedwhether exposure toB. cereus enhanced
radiolabeled poliovirus binding to HeLa cells,
which would aid infection. Poliovirus incubated
with B. cereus displayed adherence to HeLa cells
2 times that of controls (Fig. 4H). Overall, polio-
virus infectivity was enhanced in the presence of
intestinal microbiota in vitro and in vivo, which
likely contributed to the enhanced replication and
pathogenesis in microbiota-harboring mice.

Despite the well-known beneficial effects of
intestinal microbes, we discovered that they aug-
ment enteric virus pathogenesis by enhancing
viral replication. Intestinal microbes also induce
egg hatching of an intestinal nematode in mice
(14), which suggests that diverse pathogens ex-
ploit intestinal microbes for propagation. Our
work implies that antibiotic-mediated microbiota
depletion can have antiviral effects, although we
do not advocate the use of antibiotics to prevent
viral disease. However, understanding howmicro-
biota promote enteric virus infections may reveal
new antiviral strategies. Our results suggest that
poliovirus binds specific microbe–associated sur-
face polysaccharides, which enhances viral ther-
mostability and attachment to host cells. Contrary
to the known benefits of intestinal microbiota to
the host (1), enteric viruses may have evolved to
use intestinal microbes as a trigger for replication
at a site optimal for transmission.
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MED12, the Mediator Complex Subunit
12 Gene, Is Mutated at High Frequency
in Uterine Leiomyomas
Netta Mäkinen,1* Miika Mehine,1* Jaana Tolvanen,1 Eevi Kaasinen,1 Yilong Li,1
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Uterine leiomyomas, or fibroids, are benign tumors that affect millions of women worldwide and
that can cause considerable morbidity. To study the genetic basis of this tumor type, we examined
18 uterine leiomyomas derived from 17 different patients by exome sequencing and identified
tumor-specific mutations in the mediator complex subunit 12 (MED12) gene in 10. Through analysis
of 207 additional tumors, we determined that MED12 is altered in 70% (159 of 225) of tumors from
a total of 80 patients. The Mediator complex is a 26-subunit transcriptional regulator that bridges
DNA regulatory sequences to the RNA polymerase II initiation complex. All mutations resided
in exon 2, suggesting that aberrant function of this region of MED12 contributes to tumorigenesis.

Uterine leiomyomas, also called fibroids,
are benign tumors that occur in 60% of
women by the age of 45 years and that

cause symptoms in about half of the cases (1).
These symptoms include abdominal pain and
discomfort and abnormal bleeding. Uterine leio-

myomas are also an important cause of infertility
[reviewed in (2, 3)], and they are the most com-
mon medical reason for hysterectomy (4). Several
recurrent genetic aberrations such as deletions
in 7q, trisomy of chromosome 12, and various re-
arrangements affecting the high mobility group

AT-hook 2 (HMGA2) gene mapping to chromo-
some 12q14 (5–7) have been observed in uterine
leiomyomas, but these occur at low frequency.
To investigate whether these tumors have high-
frequency genetic alterations, we investigated all
protein-coding genes by exome sequencing in
18 uterine leiomyomas and the respective normal
tissue DNAs. These tumors came from 17 dif-
ferent patients.

The most frequent tumor-specific alterations
in the set of 18 tumors affected theMED12 gene
on chromosome Xq13.1. MED12 is a subunit of
the Mediator complex, which is thought to regu-
late global, as well as gene-specific, transcription
(8). Ten tumors displayed a mutation, and eight
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