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Clostridiumdifficile is a major culprit of nosocomialantibiotic-associateddiarrhoeaand canresult in pseudomembranouscolitis and life-threateningtoxic megacolon. C. difficile
mediatesits pathogenesisvia toxin productionandrecently,severaldominantstrainshaveemerged,that exhibit increasedresistanceto treatment, andhaveincreasedassociated
mortality. Isoprenoidbiosynthesisis a pathwayessentialfor cell survival,which occursvia one of two pathways: the mevalonatepathway,which is usedby eukaryotesand some
bacteria,andthe MEPpathway,whichis employedbymosthumanpathogens. An intermediateof the MEPpathway,hydroxyl-3-methyl-but-2-enylpyrophosphate(HMB-PP),is the
most potent antigen for activating±9ɹ± 2ɻ T cells,and thus expansionof ±9ɹ± 2ɻ T cells is seenupon infection with a broad rangeof microbialpathogens. Expressionof MEP
pathwaygenesby C. difficilesuggeststhat C. difficilemayalsoactivate±9ɹ± 2ɻ Tcells. Wecomparedthe ability of C.difficileandHMB-PPin inducing±9ɹ± 2ɻ Tcell proliferationand
cytokineproduction.

We found that anunidentifiedfactor secretedby C. difficilestrainRT001wasableto induce± 2ɻ Tcellexpansionfrom PBMC,while the mediumdid not. However,the effect wasnot as
striking as that observedwith HMB-PP-stimulatedPBMC. We speculatedthere may only be a low concentrationof stimulusin the C. difficile supernatant. However,when a higher
concentrationof C. difficile supernatantwasused,the C. difficile medium BHISappearedto inhibit± 2ɻ T cell expansion. Furthermore,examinationof the ability of another two C.
difficile strainsRT027 and ATCCin± 2ɻ T cell activationrevealedno differencein the stimulatingcapacitiesbetweenthe different strains. TheC. difficile supernatantswere devoidof
toxins,asthey were filtered usinga 3 kDafilter, whichexcludedtoxinsandSLP. Thus,the stimulatingagentin the C. difficilesupernatantwould haveto be a smallmolecule. We further
examinedthe role of C. difficile in cytokinesecretionby±2ɻ T cellsfollowing C. difficile supernatantstimulationand comparedtheseto HMB-PP-stimulatedcells. We found that C.
difficile inducedthe samecytokinesasHMB-PP,the proinflammatoryTH1 cytokinesIFN- aɹndTNF-ʰΣwhile neither inducedTH2 or TH17cytokines. Theseresultsdemonstratea role for
C. difficile in inducingan immune responsethrough stimulation of ±9ɹ± 2ɻ T cells. Futurework will use liquid chromatography/massspectrometryto determine whether C. difficile
supernatantcontainsHMB-PPor whetherit containsadistinct± 2ɻ Tcell-stimulatingagent,suchasaphosphoantigen.

Figure2. PBMCwere stimulatedwith C. difficilesupernatant(denotedCDSN)of three different C. difficilestrains
(001, 027and ATCC)at a 9:1 ratio of RPMIto BHISor C. difficile SN. Thecellswere expandedfor 2 weeksin the
presenceor absenceof HMB-PPand examinedfor CD3 and± 2ɻ expressionby flow cytometry. A, mean(± SEM)
± 2ɻ percentagefollowing 2 weeksof culture (n=4-12). B, representativeflow cytometricdot plots depicting± 2ɻ
percentageunder the different stimuli.

Figure3. PBMCdonorswere stimulatedwith C. difficile supernatantstrain 001 (denotedCDSN),BHISmedia
(denotedmedia)or HMB-PPand cultured for 2 weeksin IL-2-supplementedRPMIand examinedfor CD3 and
V 2ɻ expressionby flow cytometry. A, scatterplot showsmean(± SEM)V 2ɻ percentagefollowing 2 weeksof
culture with media (n=27), CDSN(n=32) or HMB-PP(n=16) comparedto the starting percentage(n=32). B,
representativeflow cytometric dot plots depicting V 2ɻ percentagefollowing stimulation with media or C.
difficilesupernatantfor two different donors.

Figure4. PBMCwere expandedusingC. difficile supernatantstrain 001 (denoted CDSN001) or BHIS
media in the presenceor absenceof HMB-PPfor 2 weeksin IL-2-supplementedRPMI. Cellswere taken
out of IL-2 overnight and then cultured in the presenceof monensinfor 4 h and left unstimulatedor
restimulatedwith the samestimulusas originallyexpandedwith, and as a positive control, usingPMA
and ionomycin. Thecellswere then examinedfor CD3 and± 2ɻ and intracellularexpressionof IFN-ʴΣIL-4,
TNF-ʰΣIL-10, IL-13 and IL-17 by± 2ɻ T cells. A-F, mean(± SEM)percentage± 2ɻ T cellsexpressingIFN-ʴ
(A), TNF- (hB), IL-10 (C), IL-4 (D), IL-13 (E) and IL-17 (F) (n=6). G-H, representativeflow cytometric dot
plots showing IFN- aɹnd IL-4 (G) and TNF-ʰand IL-13 (H) expressionby unstimulated(top panels)or
restimulated(bottom panels)± 2ɻ Tcells.

C. difficile from 3 distinct strains induced expansion of Vɻ2 T cells in vitro C. difficilepromotes the same cytokine profile in Vɻ2 T cells as HMB-PP
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Figure 1. Supernatantsand lysates
of strain RT060 and hypervirulent
strains RT001 and RT027 were
filtered with 0.22˃ Ƴand 3kDa
filters. HumanPBMCwere cultured
with HMB-PP or C. difficile
supernatantand lysate from three
C. difficile strains for 14 days. The
cultures were then examined for
V 2ɻ T cell expansionand cytokine
production.

Method: Human PBMC were stimulated with HMB-PP or C. difficile supernatant 
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Bacillus anthracis + - B. abortus + - 

Bacillus subtilis + - Borrelia burgdorferi - + 

Clostridium difficile + - Chlamydia trachomatis + - 

Clostridium botulinum + - Chlamydia pneumonia + - 

Clostridium perfringens + - S. enterica  + - 

Entercoccus faecalis - + Escherichia coli + - 

L. monocytogenes + + F. tularensis + - 

L. innocua - + Legionella pneumophila - + 

Listeria seeligeri - + P. aeruginosa + - 

Nocardia terpenica + - V. cholera + - 

Stahylococcus aureus - + K. pneumonia + - 

Streptomyces pyogenes - + Bordetella pertussis + - 

S. pneumonia - + Haemophilus influenza + - 

   Helicobacter pylori + - 

   Shigella dysenteriae + - 

   Neisseria gonorrhoeae + - 

   Neisseria meningitides + - 

   C. jejuni + - 

   Y. enterocolitica + - 
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Distribution of the MEP and mevalonate pathways 
amongst Gram-positive and Gram-negative pathogens


