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Helicobacter hepaticus is a gram-negative, microaerophilic, 
curved to spiral-shaped bacterium with bipolar, sheathed fla-
gella. H. hepaticus was described for the first time in 1994 as the 
cause of chronic active hepatitis associated with a high incidence 
of hepatocellular neoplasms in mice on a long-term toxicology 
study.39 Since then, H. hepaticus has been identified as a common 
contaminant of mouse colonies at a variety of research institu-
tions. Although commercial breeders produce H. hepaticus-free 
animals, many mouse colonies at public and private research in-
stitutions still harbor H. hepaticus. A recent survey found H. hepati-
cus-infected mice in 59% of commercial and academic institutions 
in Canada, Europe, Asia, Australia, and the United States.35

H. hepaticus persistently colonizes the hepatic bile canaliculi 
and the cecal and colonic mucosa of mice.9,39 Infection can cause 
chronic active hepatitis, hepatocellular neoplasms, and typhlocoli-
tis, which vary in severity depending on the strain, age, gender, 
and immune status of the mouse.5,9,11,39 In adult immunocompe-
tent mice, H. hepaticus infection is usually asymptomatic. Howev-
er, immune-dysregulated mice can develop inflammatory bowel 
disease, which may present as rectal prolapse or diarrhea.16

Mice initiate immune responses against H. hepaticus primar-
ily through its interaction with Toll-like receptor 2 on antigen-

presenting cells.21 Both systemic and local (at the site of infection) 
H. hepaticus-specific Th1-type immune responses are induced in 
immunocompetent mice.26,40 Systemic antibody and cell-mediated 
immunity against the bacteria persist for at least 46 wk after ex-
perimental inoculation.40 Gene expression profiles of cecal tis-
sue of H. hepaticus-infected mice have shown that inflammatory 
responses differ depending on the mouse strain. For example, 
A/JCr mice had significant and prolonged expression of the 
Th1-type cytokines IFNγ and IL12p40 in cecal mucosa, and these 
expression levels persisted for at least 3 mo after H. hepaticus in-
fection. However, C57BL/6 mice had a lesser elevation of IFNγ 
gene expression without an effect on IL12p40. IFN γ expression 
waned by 1 mo after inoculation in C57BL/6 mice.25 In addition, 
H. hepaticus-specific secretory IgA antibodies are persistently de-
tected in the feces of mice.40 How these immune responses in H. 
hepaticus-infected mice might affect immunologic research is un-
known.

The goal of this study was to determine whether immune re-
sponses to herpes simplex virus type 1 (HSV1) and the phenotypic 
and functional characteristics of dendritic cells (DC) are altered in 
H. hepaticus-infected mice. The intranasal HSV1 infection model 
is used widely to study immune mechanisms in mice. Immunity 
to HSV1 consists of virus-neutralizing antibodies in the serum 
and virus-specific T cells in the draining LN. Superficial cervi-
cal and mediastinal LN have been described as draining LN for 
intranasal HSV1 infection.2 The response to HSV1 infection peaks 
at 7 d after infection and leads to clearance of the viral load.2 In 
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rane. Superficial cervical LN were collected from the upper poles 
of the submandibular salivary glands,24,36 and tracheobronchal LN 
were collected from the tracheal bifurcation.38 The collected LN 
were placed in IMDM (Gibco, Carlsbad, CA) supplemented with 
10% (v/v) FBS, 50 µM 2-mercaptoethanol, 2 mM glutamine, 100 
U/mL penicillin, and 100 µg/mL streptomycin sulfate (supple-
mented IMDM). As described previously,2 single-cell suspensions 
of the collected LN were prepared by mechanical dissociation 
and passage through a 70-µm nylon cell strainer (BD Biosciences, 
San Jose, CA). Trypan blue exclusion was used to determine the 
number of viable cells.

HSV1- specific T cell assay. To quantify the HSV1-specific CD8+ 
T cells in the LN of HSV1-infected mice (H. hepaticus-infected and 
noninfected mice), cells isolated from LN were incubated with a 
phycoerythrin (PE)-labeled peptide comprising 4 HSV1 glyco-
protein B amino acid residues (gB498–505) coupled to 4 H2Kb class 
I molecules and linked to each other by streptavidin–biotin, as 
described previously.2 The gB498–505 peptide is an HSV1-encoded 
immunodominant epitope in C57BL/6 mice,4 and mice that were 
noninfected with either agent were used as negative controls. 
Briefly, CD16 and CD32 Fcγ receptors on isolated mononuclear 
cells were blocked with antibody from a 2.4G2 hybridoma cell 
culture supernatant supplemented with 20% (v/v) mouse serum 
(Sigma–Aldrich, St Louis, MO). Cell surface expression of CD8 
was detected by using Alexa Fluor 647-conjugated antiCD8 an-
tibody (clone 53-6.7; eBioscience, San Diego, CA). After washes 
with FACS buffer (PBS supplemented with 1% [v/v] FBS, 0.02% 
[w/v] sodium azide), cells were resuspended in 2% (w/v) para-
formaldehyde (prepared in PBS) prior to analysis by flow cytom-
etry (FACSCalibur, Becton Dickinson, San Diego, CA). Data from 
flow cytometry were analyzed by using CellQuest software (Bec-
ton Dickinson).

Staining of intracellular IFNγ. To detect IFNγ-producing, HSV1-
specific CD8+ T cells in the LN of HSV1-infected mice (H. hepat-
icus-infected and noninfected mice) as described previously,2 
LN-derived cells were resuspended in supplemented IMDM and 
incubated with 1 µM gB498–505 peptide for 2 h at 37 °C. As a control, 
cells were stimulated with the peptide corresponding to ovalbu-
min amino acid residues 257 to 264 (OVA257–264; SIINFEKL). Cells 
were treated (Golgi Plug, BD Biosciences; final concentration 1 
µg/mL) to prevent the secretion of cytokines and incubated for 
an additional 4 h at 37 °C. Cells then were washed twice with 
FACS buffer, and CD16 and CD32 Fcγ receptors were blocked 
with 2.4G2 cell culture supernatant supplemented with mouse 
serum. To identify CD8+ T lymphocytes, cells were incubated 
with Alexa Fluor 647-conjugated antiCD8 antibody. After CD8 
staining, cells were permeabilized (Cytofix/Cytoperm, BD Bio-
sciences) and incubated on ice for 20 min in the dark. Cells then 
were washed twice with 1× Perm/Wash buffer (BD Biosciences) 
and incubated with FITC-conjugated antiIFNγ antibody (clone 
XMG1.2; eBioscience, San Diego, CA) diluted in 1× BD perm/
wash buffer. Subsequently, cells were washed with 1× BD Perm/
Wash buffer and then with FACS buffer. Finally, cells were fixed 
in 2% paraformaldehyde and analyzed by flow cytometry (FAC-
SCalibur, Becton Dickinson); resulting data were analyzed by us-
ing CellQuest software (Becton Dickinson).

CD107a degranulation assay. To detect and quantify HSV1-
specific cytotoxic CD107+CD8+ T cells in HSV1-infected mice (H. 
hepaticus-infected and noninfected mice) as described previously,2 
LN-derived cells were incubated in 96-well plates (5 × 105 cells per 

this study, we compared levels of HSV1-specific antibody and T 
cell-mediated immune responses between H. hepaticus-infected 
and noninfected mice.

Dendritic cells are important components of the immune sys-
tem that play a role in antigen processing and presentation. On 
exposure to foreign antigen, DC mature and express increased 
levels of major histocompatibility complex class II proteins (MHC 
II), CD40, CD80, and CD86 on the cell surface. These maturation-
associated cell surface markers interact with naive T and B cells 
to initiate antibody- and cell-mediated immune responses against 
foreign antigens.27 In addition, mature DC secrete proinflammato-
ry cytokines, including TNFα and IL12p40. These cytokines lead 
to increased vascular permeability, complement activity, lympho-
cyte activation, lymphocyte proliferation, and increased antibody 
production.27 To determine whether infection with H. hepaticus 
affects characteristics of DC, we measured the expression of the 
maturation-associated cell surface markers CD40, CD80, CD86, 
and MHC II and proinflammatory cytokines IL12p40 and TNFα 
by DC derived from the spleen and colic LN of H. hepaticus-infect-
ed and noninfected mice. Our findings indicate that H. hepaticus 
infection can influence the various aspects of immune responsive-
ness and, therefore, must be considered as a potential variable in 
studies in which immune function is a measurable outcome.

Materials and Methods
Animals. Specific-pathogen-free C57BL/6 mice (male; age, 3 

to 4 wk; Jackson Laboratory, Bar Harbor, ME) were housed in 
individually ventilated microisolation cages with sterile food, 
bedding, and water in an AAALAC -accredited animal facility. 
All use of animals was approved by the Penn State Hershey In-
stitutional Animal Care and Use Committee according to stan-
dards put forth in the Guide for the Care and Use of Laboratory 
Animals.14 All cage changes and animal manipulations were con-
ducted in a class II biosafety cabinet with strict precautions to 
prevent cross-contamination. All of the mice were maintained 
in a specific-pathogen-free environment and were confirmed to 
be serologically negative for mouse hepatitis virus, minute virus 
of mice, mouse parvovirus, mouse norovirus, Sendai virus, Myco-
plasma pulmonis, Theiler murine encephalomyelitis virus, mouse 
rotavirus, pneumonia virus of mice, reovirus 3, lymphocytic cho-
riomeningitis virus, and ectromelia virus at the conclusion of the 
experiments.

H. hepaticus infection. H. hepaticus ATCC 51449 was grown on 
chocolate agar or in brain–heart infusion broth with 10% (v/v) 
FBS under microaerobic conditions obtained by flushing sealed 
jars with anaerobic gas (90% N2, 5% CO2, and 5% H2). Mice were 
gavaged with 1 × 109 CFU H. hepaticus in 0.2 mL PBS. Control 
mice received 0.2 mL PBS alone. Feces were collected at 1 wk after 
inoculation and at the time of euthanasia to confirm the infection 
status of the mice by using Helicobacter fecal PCR as previously 
described3 with primers 5′ CTA TGA CGG GTA TCC GGC 3′ and 
5′ ATT CCA CCT ACC TCT CCC A 3′.29

HSV1 infection. Stocks of HSV1 strain McIntyre were prepared 
by infection of Vero cells as previously described1 and stored at 
–70 °C. Viral titer of the stocks was assessed by plaque assay us-
ing Vero cells. At 4 wk after H. hepaticus infection, isoflurane-anes-
thetized mice were infected intranasally with 1 × 107 PFU HSV1 in 
20 μL PBS containing 1% (v/v) FBS.

Isolation of cells from LN. At 1 wk after HSV1 infection, mice 
were euthanized by exsanguination after sedation with isoflu-
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5% CO2. As a control, an equal number of cells were incubated for 
the same period in medium only.

Phenotypic analysis of surface markers on DC. As described 
previously with minor modifications,8 DC derived from spleen 
and colic LN of H. hepaticus-infected and noninfected mice were 
analyzed for maturation-associated surface markers both before 
and after in vitro lipopolysaccharide stimulation. Fc receptors 
were blocked with antimouse CD16+CD32 (eBioscience) antibody 
in FACS buffer. Cells were stained with various combinations of 
FITC-conjugated antiCD40 (HM40-3), PE–Cy7-conjugated anti-
CD90.1 (HIS51), and PerCP–Cy5.5-conjugated antiCD11c (N418) 
from eBioscience and FITC–conjugated antiB7.2 (CD86, GL1), 
PE-conjugated antiIAb (MHC II, AF6-120.1), allophycocyanin-
conjugated antiB7.1 (CD80, 16-10A1), PE–Cy7-conjugated an-
tiNK-1.1 (PK136), and PE–Cy7-conjugated antiCD19 (1D3) from 
BD Biosciences. Flow cytometry was performed on a FACSCanto 
(Becton Dickinson), and data were analyzed by using FACSDiva 
(Becton Dickinson) or FlowJo (TreeStar, Ashland, OR) software. 
For analysis, DC were defined as CD11c+, NK1.1low, CD19low, and 
CD90.1low.

The CD11c+ DC population was recovered from spleen and 
colic LN after collagenase treatment as described previously.13 
Because the CD11c+ DC population obtained by this method can 
include natural killer cells and immature and mature B cells, the 
contaminating cells were removed by negative selection of CD19+ 
mature B cells, CD90.1+ immature B cells, and NK1.1+ natural 
killer cells.

Staining of intracellular proinflammatory cytokines produced by 
DC. The proinflammatory cytokines produced by DC after lipo-
polysaccharide stimulation were labeled as described for IFNγ. To 
prevent secretion of cytokines into the culture supernatant, spleen 
and colic LN cells were treated (Golgi Plug, BD Biosciences; fi-
nal concentration, 1 µg/mL) for the last 8 h of stimulation. Cells 
staining as CD11c+, NK1.1low, CD19low, CD90.1low by using Per-
CP–Cy5.5-conjugated antiCD11c, PE-Cy7-conjugated antiNK1.1, 
PCy7-conjugated antiCD19, and PE–Cy7-conjugated antiCD90 
antibodies were defined as DC. For detection of proinflamma-
tory cytokines, PE-conjugated antiIL12+IL23p40 (C17.8; eBiosci-
ence) and allophycocyanin-conjugated antiTNFα (MP6-XT22; 
BD Biosciences) antibodies were used. Data from flow cytometry 
(FACSCanto, BD Biosciences) were analyzed by using FACSDiva 
(Becton Dickinson) or FlowJo (TreeStar) software.

Statistical analysis. Statistical significance was determined with 
the 2-tailed, unequal variance, unpaired t test. Comparisons be-
tween groups were performed, and differences associated with P 
values less than 0.05 were considered to be significant. Microsoft 
Office Excel 2007 (Microsoft corporation, Redmond, WA) was 
used for statistical analysis.

Results
Immune responses against intranasal HSV1 infection. HSV1-

specific antibody and T cell-mediated immune responses were 
compared between H. hepaticus-infected and noninfected mice 1 
wk after intranasal HSV1 infection. To determine the magnitude 
of HSV1-specific antibody immune responses, plaque reduction 
assays were used on sera from mice. All sera from HSV1-infected 
mice contained antiHSV1 antibodies, as indicated by a decrease (P 
< 0.05) in the number of viral plaques when compared with sera 
from HSV1-naive control mice (data not shown). The number of 
plaques did not differ between sera from H. hepaticus-infected and 

well) in the presence of 10 µM gB498–505 or OVA257–264 peptide at 37 
°C. Wells also contained FITC-conjugated antiCD107a (1D4B; BD 
Pharmingen, San Jose, CA). After 1 h, 10 mM NH4Cl was added 
to cells to prevent endosome acidification; 3 h after the addition 
of NH4Cl, cells were stained with PE-conjugated antiIAb (AF6-
120.1; BD Pharmingen) and Alexa Fluor 647-conjugated antiCD8 
antibody. Cells were stained for IAb to exclude CD8α+ DC, which 
constitutively undergo endocytosis and take up antiCD107a.2 
Flow cytometry was performed using a FACSCalibur (Becton 
Dickinson); data from the CD8+ IAbdim population of cells were 
analyzed by using CellQuest software (Becton Dickinson).

Virus neutralization assay. Blood samples were collected by car-
diocentesis of anesthetized mice 1 wk after HSV1 infection. The 
amount of serum-neutralizing antibody against HSV1 was deter-
mined by plaque reduction assay as described previously with 
minor modifications.6,10 Briefly, 2-fold serial dilutions of serum 
from HSV1-infected mice (H. hepaticus-infected and noninfected 
mice) were prepared in PBS containing 1% (v/v) FBS, and incu-
bated with an equal volume of HSV1 suspension (112 PFU) for 
30 min at 37 °C. Sera from mice that were not infected with either 
HSV1 or H. hepaticus were used as the negative controls. The mix-
ture then was used to infect monolayers of Vero cells. The cells 
were incubated with the mixture at 37 °C for 1 h and then over-
laid with 1% (w/v) methylcellulose in 1× Eagle medium without 
phenol red and supplemented with 5% (v/v) heat-inactivated 
FBS, 2 mM L-glutamine, 100 U/mL penicillin and 100 μg/mL 
streptomycin sulfate. The plates were incubated at 37 °C for 4 to 
5 d. At the end of the incubation period, cells were stained and 
fixed with 5% formaldehyde (v/v) and 0.5% (w/v) crystal violet 
solution. Viral plaques were counted.

Isolation of cells from spleen and preparation of colic LN. At 
4 wk after H. hepaticus infection or PBS inoculation, mice were 
sedated with isoflurane for blood collection and euthanized by 
cervical dislocation for collection of spleens and colic LN. Colic 
LN, a subset of mesenteric LN, were collected from the mesocolon 
at the transition between the ascending and transverse colons.38 
Homogenates of spleens and colic LN were enriched for DC as 
described previously with minor modifications.13 Spleen and colic 
LN were placed in Hanks-buffered salt solution without calcium 
and magnesium (Invitrogen, Carlsbad, CA) and supplemented 
with 0.1% (w/v) bovine serum albumin (Roche, Indianapolis, 
IN) at room temperature. Colic LN from 3 mice were pooled and 
treated as a single sample, whereas the spleen from each mouse 
was a single sample. Spleens and colic LN were treated with 1 
mg/mL collagenase D (Roche, Indianapolis, IN) in calcium-free, 
magnesium-free Hanks-buffered salt solution for 30 min at 37 °C 
in a 5% CO2 incubator. To stop collagenase D digestion, tissues 
were suspended in IMDM supplemented with 10% (v/v) FBS, 2 
mM glutamine, 100 U/mL penicillin, and 100 µg/mL streptomy-
cin sulfate. Single-cell suspensions were obtained by mechanical 
dissociation and passage through a 40-µm nylon cell strainer (BD 
Biosciences). Splenocytes then were treated with ACK lysis buffer 
(Lonza BioWhittaker, Walkersville, MD) for RBC lysis. The num-
ber of viable cells was determined by trypan blue dye exclusion.

Lipopolysaccharide treatment of cells for DC assay. Splenocytes 
and colic LN cells (1 × 106 of each preparation) from H. hepaticus-
infected and noninfected mice were stimulated with 1 μg/mL Es-
cherichia coli 055:B5 lipopolysaccharide (Sigma) added to medium. 
Cells were incubated with lipopolysaccharide for 16 h at 37 °C, 
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the maturation-associated surface markers CD40, CD80, CD86, 
and MHC II on the DC derived from colic LN of H. hepaticus-in-
fected and noninfected mice. Surface expression of CD40, CD86, 
and MHC II was significantly (P < 0.05) lower on DC derived 
from H. hepaticus-infected mice than noninfected mice (Figure 4 
A). Representative histograms showing the surface staining pro-
file of CD11c+ DC population are presented in Figure 4 B. Because 
the expression of these markers increases with maturation, these 
data suggest that H. hepaticus infection inhibits the maturation of 
DC in the colic LN of mice. Surface expression of CD80 did not 
differ between the 2 groups of mice.

We also measured the expression of maturation-associated sur-
face markers on the DC after in vitro lipopolysaccharide-induced 
maturation. After lipopolysaccharide exposure, DC from both H. 
hepaticus-infected and noninfected mice showed an increase (P < 
0.05) in surface expression of CD40, CD80, and CD86 compared 
with that after exposure to medium alone (data not shown), but 
expression of these markers did not differ between H. hepaticus-
infected and noninfected mice (data not shown). Surface expres-
sion of MHC II did not increase in either group of mice when cells 
were stimulated with lipopolysaccharide (data not shown).

We compared the expression of the proinflammatory cytokines 
IL12p40 and TNFα by the DC derived from the colic LN of H. 
hepaticus-infected and noninfected mice after in vitro exposure 
to medium or lipopolysaccharide. The fluorescence intensity 
of IL12p40- and TNFα-positive DC did not differ between the 
2 groups of mice (data not shown). The percentage of IL12p40- 
and TNFα-producing DC was higher after lipopolysaccharide 
exposure as compared with exposure to medium only (Figure 5 
A). However, the percentages of IL12p40- and TNFα-producing 
DC in the colic LN were lower (P < 0.05) in H. hepaticus-infected 
mice than in noninfected mice after exposure to both lipopolysac-
charide and medium only (Figure 5 A). Representative dot plots 
depicting the IL12p40- and TNFα-producing DC are shown in 
Figure 5 B.

Phenotypic and functional characteristics of the DC from the 
spleen. In contrast to colic LN-derived DC, splenic DC showed no 
difference in levels of CD40, CD80, CD86, and MHC II between 
H. hepaticus-infected and noninfected mice (data not shown). In 
vitro lipopolysaccharide exposure increased (P < 0.05) surface 
expression of CD40, CD80, and CD86 on DC from both groups of 
mice; MHC II expression did not increase (Figure 6 A). Surface ex-
pression of CD40, CD80, CD86 and MHC II reached significantly 
(P < 0.05) higher levels on lipopolysaccharide-exposed splenic 
DC from H. hepaticus-infected mice than noninfected mice (Figure 
6 A). Expression of CD86 was similarly higher (P < 0.05) in H. 
hepaticus-infected mice after exposure to media (Figure 6 A). Rep-
resentative histograms of the expression of these surface markers 
on DC are shown in Figure 6 B.

Lipopolysaccharide increased (P < 0.05) the percentage of 
TNFα-producing DC in the spleens of both groups of mice (data 
not shown). However neither the percentage of TNFα-producing 
DC nor their fluorescence intensity differed between H. hepaticus-
infected and noninfected mice (data not shown).

Discussion
Although the first reports of H. hepaticus were published 15 

y ago, infections with H. hepaticus or related enterohepatic Heli-
cobacter spp. remain common in mouse colonies at research fa-
cilities. Commercial breeders produce Helicobacter-free animals, 

noninfected mice (data not shown), indicating that H. hepaticus 
infection did not alter the magnitude of the neutralizing antibody 
response to HSV1.

To evaluate cell-mediated immune responses to HSV1 infec-
tion, we determined the number of HSV1-specific CD8+ T cells in 
the draining LN of mice. These cells were detected and quantified 
based on their ability to bind to the HSV1 gB498–505–H2Kb tetramer. 
In superficial cervical LN, neither the percentage nor absolute 
number of gB498–505-specific CD8+ T cells differed between H. he-
paticus-infected and noninfected mice (Figure 1 A, C). In tracheo-
bronchal LN, the percentage of gB498–505 -specific CD8+ T cells did 
not differ between the 2 groups of mice (Figure 1 B), but a trend 
(P = 0.11) was found toward a decrease in the absolute number of 
gB498–505-specific CD8+ T cells in H. hepaticus-infected mice (Figure 
1 D).

To compare the function of these HSV1 gB498–505-specific T cells 
between H. hepaticus-infected and noninfected mice, we quan-
tified IFNγ-producing HSV1 gB498–505-specific CD8+ T cells in 
draining LN. Both the percentage and absolute number of IFNγ-
producing CD8+ T cells from the superficial cervical and tracheo-
bronchal LN were higher (P < 0.05) when cells were stimulated 
with gB498–505 peptide as compared with OVA257–264 peptide, indi-
cating that this response was HSV1-specific (Figure 2). In super-
ficial cervical LN, neither the percentage nor absolute number 
of IFNγ-producing gB498–505 peptide-specific CD8+ T cells differed 
between the 2 groups (Figure 2 A, C). In tracheobronchal LN, 
the percentage of IFNγ-producing gB498–505 peptide-specific CD8+ 
T cells did not differ between the 2 groups of mice (Figure 2 B); 
however, we noticed a decreasing (P = 0.13) trend in the absolute 
number of these cells in H. hepaticus-infected mice (Figure 2 D).

To further evaluate the functional activity of HSV1-specific T 
cells, we used a CD107a degranulation assay. During T cell de-
granulation in response to antigen exposure, the membranes of 
cytotoxic granules and T cells fuse, and CD107a (previously on 
the inner membrane of granules) is exposed on the T-cell sur-
face.34 Therefore, surface expression of CD107a can be used as a 
marker of antigen-specific cytotoxic T cells. Both the percentage 
and absolute number of CD107a+CD8+ T cells in the draining LN 
was higher (P < 0.05) when cells were stimulated with gB498–505 
peptide as compared with OVA257–264, indicating that this immune 
response was HSV1-specific (Figure 3). Superficial cervical LN 
showed a trend (P = 0.07) toward a higher percentage of gB498–505-
specific CD107a+CD8+ T cells in H. hepaticus-infected mice com-
pared with noninfected mice (Figure 3 A). However, the absolute 
number of these cells in the superficial cervical LN did not differ 
between the 2 groups of mice (Figure 3 C). In tracheobronchal 
LN, the percentage of gB498–505-specific CD107a+CD8+ T cells did 
not differ between H. hepaticus-infected and noninfected mice 
(Figure 3 B), but we found a trend (P = 0.07) toward a decrease 
in the absolute number of these cells in H. hepaticus-infected mice 
(Figure 3 D).

To summarize these findings, H. hepaticus infection had no 
statistically significant effect on HSV1-specific antibody and T 
cell-mediated immune responses in the superficial cervical and 
tracheobronchal LN of HSV1-infected mice. Nonsignificant trends 
toward reduced HSV1-specific T cell-mediated immune respons-
es and increased HSV1-specific cytotoxic T cells were observed in 
tracheobronchal LN and superficial cervical LN, respectively.

Phenotypic and functional characteristics of DC from colic LN. 
We used fluorescent flow cytometry to measure the expression of 
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severity of pathology associated with mouse hepatitis virus.7 An-
other possible explanation for the results obtained is that patho-
gen-associated molecular patterns released from H. hepaticus may 
not drain from the primary site of infection through the lymphat-
ics in sufficient quantity to affect DC priming of the response in 
the superficial cervical and tracheobronchal LN. We were unable 
to confirm that these 2 lymph nodes receive drainage from the 
liver or gut, which are primary sites of H. hepaticus infection.

Although statistical significance was not achieved, there was a 
trend for lower HSV1-specific T cell-mediated immune responses 
in the tracheobronchal LN of the H. hepaticus-infected mice. Ab-
solute numbers of HSV1-specific CD8+ T cells, IFNγ-producing 
CD8+ T cells, and CD107+CD8+ cytotoxic T cells were lower in H. 
hepaticus-infected as compared with noninfected mice (Figures 1 
D, 2 D, and 3 D), with the numbers of CD107+CD8+ cytotoxic T 
cells approaching statistical significance (P = 0.07; Figure 3 D). If 
more mice had been used per group, the differences might have 
achieved statistical significance. Such a trend was not seen for 
the percentage of HSV1-specific CD8+ T cells relative to the total 
number of CD8+ T cells counted. This finding suggests that the 
overall number of CD8+ T cells in the tracheobronchal LN of H. 
hepaticus-infected mice may have decreased. In fact, a previous 
study demonstrated that portal, celiac, and mediastinal LN re-
ceive lymphatic drainage from the liver of the mice.28 The medias-
tinal LN shown in reference 28 correspond to cranial mediastinal 
LN according to the nomenclature of others.38 Having found de-
creased levels of maturation-associated surface markers on DC 
obtained from LN that drain the colon of H. hepaticus-infected 
mice, we consider the possibility that the cells we collected from 

but noncommercial facilities often still have many strains of He-
licobacter-infected mice. The primary method of monitoring for 
Helicobacter—PCR of feces—is more costly than serologic moni-
toring that is used for common viral infections. Elimination of 
Helicobacter by rederivation, even by a nonsurgical method such 
as neonatal transfer, is time-consuming and expensive.

We initiated this study to determine whether and how H. he-
paticus infection could influence immunologic studies at our insti-
tution. We used flow cytometry-based assays to measure specific 
markers and functional characteristics of cells of the immune sys-
tem. We chose a mouse strain that is commonly used in immuno-
logic research (C57BL/6) to increase the general applicability of 
our findings. When infected with H. hepaticus, C57BL/6 mice are 
considered to be relatively resistant to development of lesions.39

In the present study, H. hepaticus infection did not have a sig-
nificant effect on either antibody- or T cell-mediated immune 
responses against HSV1 infection (Figure 1 through 3). After in-
tranasal inoculation, HSV1 replicates in the nasal mucosa and 
then travels by means of peripheral nerves to the brain and spi-
nal cord. C57BL/6 mice are resistant to HSV1-induced lesions, 
and the infection is cleared in 7 d by virus-specific, cell-mediated 
immunity.2 The advantage of using the HSV1 model is that it is 
a very well characterized model of T cell-mediated immune re-
sponses. However, if a viral infection model that infected the gut 
or liver had been used (for example, parvovirus or mouse hepa-
titis virus), virus-specific antibody- and T cell-mediated immune 
responses might have differed between H. hepaticus-infected and 
noninfected mice. In fact, coinfection of mice with both mouse 
hepatitis virus and H. hepaticus has been shown to increase the 

Figure 1. Quantification of HSV1-specific CD8+ T cells in superficial cervical and tracheobronchal LN of H. hepaticus-infected and noninfected mice 1 
wk after intranasal HSV1 infection. (A and B) Percentage of gB498–505-specific CD8+ T cells expressed in terms of total population of CD8+ T cells and (C 
and D) absolute numbers of gB498–505-specific CD8+ T cells. Data (mean ± SE) were normalized to the percentage or absolute number of gB498–505-specific 
CD8+ T cells in LN from noninfected mice within each experiment (n = 5 mice per group). Results were combined from 2 independent experiments. P 
value was determined by using the unpaired t test.
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that treatment of mouse intestinal crypt epithelial cells with H. 
hepaticus lysate and the soluble component lipopolysaccharide re-
duced secretion of the proinflammatory chemokine macrophage 
inflammatory protein 2. Furthermore, both the lysate and lipo-
polysaccharide antagonized the stimulatory effect of E. coli lipo-
polysaccharide and flagellin on the immune responses of mouse 
intestinal crypt epithelial cells.33 Costimulation of CD86 by DC is 
very important for the generation of cytotoxic T cells.32 Therefore, 
in H. hepaticus-infected mice, decreased CD86 expression by DC 
in colic LN might lead to local immunosuppression by reduc-
tion in the generation of cytotoxic T cells. The effects on DC that 
we observed may be important factors that allow H. hepaticus to 
evade the host immune response and persistently colonize the 
mouse gut. The inhibition of DC in colic LN could underlie the 
reported increased severity of pathology from mouse hepatitis 
virus in mice coinfected with H. hepaticus.7 In contrast to our find-
ings, other authors have reported upregulation of costimulatory 
molecules on DC from mesenteric LN of H. hepaticus-infected 
C57BL/6 mice.22 However, that study was published in abstract 
form only, thus precluding full comparison of the reported find-
ings with our present data.

In the current study, the inhibitory cytokine IL10 may have 
played a role in the inhibition of DC from colic LN of H. hepat-
icus-infected mice. IL10 inhibits surface expression of CD80 and 
CD86 on murine bone marrow-derived DC19 as well as MHC 
II trafficking to the plasma membrane of antigen-presenting 

tracheobronchal LN might have been affected by some compo-
nent of H. hepaticus in the liver, either by the unintentional collec-
tion of some cranial mediastinal LN, which are anatomically very 
close, or if tracheobronchal LN receive some degree of lymphatic 
drainage from the liver.

Superficial cervical LN demonstrated a trend (P = 0.07) for an 
increasing percentage of HSV1-specific CD107a+CD8+ cytotoxic T 
cells in H. hepaticus-infected than noninfected mice (Figure 3 A). 
Given that it involved the analysis of a single parameter, we view 
this finding as less compelling than the trend in tracheobronchal 
LN. The superficial cervical LN do not receive lymphatic drain-
age from tissues colonized by H. hepaticus.

DC derived from the colic LN of H. hepaticus-infected mice had 
lower expression of maturation-associated surface markers CD40, 
CD86, and MHC II as compared with those from noninfected 
mice (Figure 4). This effect is not permanent and is overcome 
when the DC were exposed to proinflammatory stimuli in vi-
tro. The percentages of IL12p40- and TNFα-producing DC were 
lower in the colic LN of H. hepaticus-infected mice than nonin-
fected mice after in vitro lipopolysaccharide or medium treatment 
(Figure 5). This shows that in the case of these proinflammatory 
cytokines, unlike the maturation-associated surface markers, the 
effect persists after the cells are collected from the mice and stimu-
lated in vitro. These findings indicate that H. hepaticus has the po-
tential to inhibit functional responses of the immune system. Our 
findings are supported by an in vitro study33 that demonstrated 

Figure 2. Quantification of IFNγ-producing, HSV1-specific CD8+ T cells in the superficial cervical and tracheobronchal LN of H. hepaticus-infected and 
noninfected mice after in vitro stimulation with either OVA257–264 or gB498–505 peptide. (A and B) Percentage of IFNγ-producing, CD8+ T cells expressed 
in terms of total population of CD8+ T cells and (C and D) absolute number of IFNγ-producing CD8+ T cells. Data (mean ± SE) were normalized to the 
percentage or absolute number of IFNγ-producing CD8+ T cells after gB498–505 peptide stimulation of lymphoid cells from noninfected mice within each 
experiment (n = 5 mice per group). Results were combined from 2 independent experiments. P value was determined by using the unpaired t test.
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cells.17Therefore, decreased expression of CD86 and MHC II on 
DC derived from the colic LN of H. hepaticus-infected mice (Fig-
ure 4) might be because of IL10 production. Surface expression 
of CD80 was below the limit of detection by flow cytometry and 
thus prevented further analysis. Increased IL10 production might 
also have accounted for the decreased percentage of IL12p40-
producing DC in the colic LN of H. hepaticus-infected mice (Fig-
ure 5)—IL10 inhibits IL12p40 gene transcription.42 The kinetics of 
IL10 expression in the colic LN of H. hepaticus-infected mice are 
unknown, but compared with those in uninfected mice, cecal mu-
cosal levels of IL10 mRNA are increased in H. hepaticus-infected 
C57BL/6 mice for as long as 14 d after infection.25 In addition, 
IL10 was important in maintaining low levels of IL12p40 in the 
colon of H. hepaticus-infected C57BL/6 mice and in preventing 
the development of colitis.18 In contrast, H. hepaticus-infected 
C57BL/6 mice deficient in IL10 had higher expression of IL12p40 
and developed colitis. Intestinal inflammation subsided when H. 
hepaticus-infected mice were treated with antiIL12p40, demon-
strating the importance of IL12p40 in induction and maintenance 
of colitis.18 The inhibitory effect of IL10 on IL12p40 was mediated 
by p50/p105 subunit of NFκβ.37

Figure 3. Quantification of HSV1-specific CD107+CD8+ cytotoxic T cells in the superficial cervical and tracheobronchal LN of H. hepaticus-infected and 
noninfected mice after in vitro stimulation with OVA257–264 or gB498–505 peptide. (A and B) Percentage of CD107+CD8+ T cells expressed in terms of total 
population of CD8+ T cells and (C and D) absolute number of CD107+CD8+ T cells. Data (mean ± SE) were normalized to the percentage or absolute 
number of CD107+CD8+ T cells after gB498–505 peptide stimulation of lymphoid cells from noninfected mice within each experiment (n = 5 mice per 
group). Results were combined from 2 independent experiments. P value was determined by using the unpaired t test.

Figure 4. Expression of maturation-associated surface markers on DC 
derived from colic LN. (A) Geometric mean (± SE) fluorescence inten-
sity (GMFI) was normalized to the level of surface expression on DC 
from noninfected mice (% baseline GMFI) within each experiment (n 
= 5 to 6 mice per group). Results were combined from 3 independent 

experiments. (B) Representative histograms depicting the staining pro-
file for surface markers on DC of H. hepaticus-infected (bold line) and 
noninfected (shaded area) mice. Dotted line represents unstained con-
trol. *, significant difference (P < 0.05) between indicated groups.
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H. typhlonius.30,31 Low-dose exposure to Helicobacter organisms 
may stimulate splenic DC, whereas DC in the colic LN are inhib-
ited by chronic exposure to greater amounts of H. hepaticus or its 
products present in lymphatic drainage from the large intestine, 
the major site of H. hepaticus colonization. The related human 
pathogen H. pylori translocates from the stomach to the draining 
gastric LN,15 so it is possible that H. hepaticus travels to the colic 
LN to directly exert an inhibitory effect on DC.

Another possible reason for the different responses in our cur-
rent study is that the populations of DC themselves differ be-
tween the LN and spleen.41 In the spleen, 100% of the DC are 
blood-derived or resident and are fairly immature, with only low 
levels of expression of MHC II. However, approximately 50% of 
the DC in the LN are blood-derived; the other half are migra-
tory DC, which travel from peripheral tissues to the draining LN, 
where their maturation is triggered by encountering pathogen 
products at the periphery. Although the presence of a different 
DC population in itself would not account for increased expres-

Unlike DC derived from the colic LN, splenic DC from H. hepat-
icus-infected mice showed no decrease in the expression of matu-
ration-associated surface markers (data not shown). Furthermore, 
after in vitro lipopolysaccharide stimulation, DC from the spleens 
of H. hepaticus-infected mice had higher levels of CD40, CD80, 
CD86, and MHC II than did noninfected mice (Figure 6). Pos-
sible reasons for the different responses of DC from these 2 sites 
may be related to the different routes by which antigens reach 
these sites and the effect of dose. Antigens reach the spleen only 
through the blood stream.27 Although we know of no reports of 
H. hepaticus bacteremia in mice, perhaps small numbers of H. he-
paticus intermittently become bloodborne to stimulate a response 
in the spleen. Bacteremia with enterohepatic Helicobacter spp. in 
human patients has been reported,12,20 and 1 team of scientists 
isolated a novel Helicobacter from the spleen and other tissues of 
a mouse 10 d after intraperitoneal inoculation.23 Bacteremia has 
been proposed as the mechanism for the presence of amplifiable 
Helicobacter DNA in the reproductive organs of mice infected with 

Figure 5. Intracellular proinflammatory cytokine expression by DC in the colic LN of H. hepaticus-infected and noninfected mice after in vitro exposure 
to medium or lipopolysaccharide (LPS). (A) The percentage (mean ± SE) of cytokine-producing DC was normalized to the percentage of cytokine-
producing cells from noninfected mice after incubation with medium within each experiment (n = 5 or 6 mice per group). Results were combined from 
3 independent experiments. (B) Representative dot plots depicting the intracellular staining profile for IL12p40 and TNFα in CD11c+ DC population. *, 
significant difference (P < 0.05) between indicated groups.
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Figure 6. Expression of maturation-associated surface markers on DC derived from the spleens of H. hepaticus-infected and noninfected mice after in 
vitro exposure to medium or lipopolysaccharide (LPS). (A) Geometric mean (± SE) fluorescence intensity (GMFI) was normalized to the level of surface 
expression on DC from noninfected mice after medium exposure (% baseline GMFI) within each experiment (n = 5 or 6 mice per group). Results were 
combined from 3 independent experiments. (B) Representative histograms show DC from H. hepaticus-infected (bold line) and noninfected mice (shad-
ed area) after lipopolysaccharide stimulation. Dotted line represents unstained controls. *, significant difference (P < 0.05) between indicated groups.
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sion of maturation-associated markers on splenic-derived DC 
from H. hepaticus-infected mice (Figure 6), H. hepaticus may in-
duce a proinflammatory mediator that travels from the site of in-
fection through blood to the spleen. Such a process could account 
for the differing effects of H. hepaticus infection we observed on 
DC at the local level of the draining LN and the systemic level 
of the spleen. This possibility will require further investigation. 
It would be interesting to determine whether a stimulatory ef-
fect on DC occurs in LN that receive no lymphatic drainage from 
tissues colonized by H. hepaticus, such as superficial cervical or 
popliteal LN.

Stimulation with medium only led to high MHC II expression 
on DC from both the colic LN and spleen, but upregulation after 
in vitro lipopolysaccharide stimulation did not occur (Figure 6 
A). If the expression level of MHC II did in fact increase after li-
popolysaccharide stimulation, we likely were unable to detect it 
because the expression levels were already near the upper limit of 
detection by flow cytometry.

In conclusion, we used a variety of assays to show that H. he-
paticus infection of mice changes several immunologic param-
eters. Future studies will determine the mechanisms by which 
this modulation occurs. The findings we present here emphasize 
the importance of using H. hepaticus-free mice in studies in which 
immunologic function is a factor in the results.
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