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CANCER IMMUNOTHERAPY

Commensal Bifidobacterium
promotes antitumor immunity and
facilitates anti–PD-L1 efficacy
Ayelet Sivan,1* Leticia Corrales,1* Nathaniel Hubert,2 Jason B. Williams,1

Keston Aquino-Michaels,3 Zachary M. Earley,2 Franco W. Benyamin,1 Yuk Man Lei,2 

Bana Jabri,2 Maria-Luisa Alegre,2 Eugene B. Chang,2 Thomas F. Gajewski1,2†

T cell infiltration of solid tumors is associated with favorable patient outcomes, yet the 
mechanisms underlying variable immune responses between individuals are not well 
understood. One possible modulator could be the intestinal microbiota. We compared 
melanoma growth in mice harboring distinct commensal microbiota and observed 
differences in spontaneous antitumor immunity, which were eliminated upon cohousing 
or after fecal transfer. Sequencing of the 16S ribosomal RNA identified Bifidobacterium as
associated with the antitumor effects. Oral administration of Bifidobacterium alone 
improved tumor control to the same degree as programmed cell death protein 1 ligand
1 (PD-L1)–specific antibody therapy (checkpoint blockade), and combination treatment 
nearly abolished tumor outgrowth. Augmented dendritic cell function leading to enhanced 
CD8+ T cell priming and accumulation in the tumor microenvironment mediated the effect. 
Our data suggest that manipulating the microbiota may modulate cancer immunotherapy.

H
arnessing the host immune system consti-

tutes a promising cancer therapeutic be-

cause of its potential to specifically target

tumor cells although limiting harm to nor-

mal tissue. Enthusiasm has been fueled

by recent clinical success, particularly with anti-

bodies that block immune inhibitory pathways,

specifically CTLA-4 and the axis between pro-

grammed cell death protein 1 (PD-1) and its

ligand 1 (PD-L1) (1, 2). Clinical responses to these

immunotherapies are more frequent in patients

who show evidence of an endogenous T cell re-

sponse ongoing in the tumor microenvironment

before therapy (3–6). However, the mechanisms

that govern the presence or absence of this phe-

notype are notwell understood. Theoretical sources

of interpatient heterogeneity include host germ-

line genetic differences, variability in patterns of

somatic alterations in tumor cells, and environ-

mental differences.

The gut microbiota plays an important role in

shaping systemic immune responses (7–9). In the

cancer context, a role for intestinal microbiota in

mediating immuneactivation in response to chemo-

therapeutic agents has been demonstrated (10, 11).

However, it is not known whether commensal

microbiota influence spontaneous immune re-

sponses against tumors and thereby affect the

therapeutic activity of immunotherapeutic inter-

ventions, such as anti–PD-1/PD-L1 monoclonal

antibodies (mAbs).

To address this question, we compared sub-

cutaneousB16.SIYmelanomagrowth ingenetically

similar C57BL/6 mice derived from two different

mouse facilities, Jackson Laboratory (JAX) and

Taconic Farms (TAC), which have been shown to

differ in their commensalmicrobes (12).We found

that JAX and TAC mice exhibited significant

differences in B16.SIY melanoma growth rate,

with tumors growing more aggressively in TAC

mice (Fig. 1A). This difference was immune-

mediated: Tumor-specific T cell responses (Fig. 1,

B and C) and intratumoral CD8
+
T cell accumu-

lation (Fig. 1D) were significantly higher in JAX

than in TAC mice. To begin to address whether

this difference could be mediated by commensal

microbiota, we cohoused JAX and TAC mice be-

fore tumor implantation. We found that cohous-

ing ablated the differences in tumor growth (Fig.

1E) and immune responses (Fig. 1, F to H) be-

tween the two mouse populations, which sug-

gested an environmental influence. CohousedTAC

and JAXmice appeared to acquire the JAXpheno-

type, which suggested that JAXmice may be col-

onized by commensal microbes that dominantly

facilitate antitumor immunity.

To directly test the role of commensal bacteria

in regulating antitumor immunity, we transferred

JAX or TAC fecal suspensions into TAC and JAX

recipients by oral gavage before tumor implan-

tation (fig. S1A).We found that prophylactic trans-

fer of JAX fecal material, but not saline or TAC

fecal material, into TAC recipients was sufficient

to delay tumor growth (Fig. 2A) and to enhance

induction and infiltration of tumor-specific CD8
+

T cells (Fig. 2, B and C, and fig. S1B), which sup-

ported a microbe-derived effect. Reciprocal trans-

fer of TAC fecal material into JAX recipients had

a minimal effect on tumor growth rate and anti-

tumor T cell responses (Fig. 2, A to C, and fig.

S1B), consistent with the JAX-dominant effects

observed upon cohousing.

To test whether manipulation of the microbial

community could be effective as a therapy, we ad-

ministered JAX fecal material alone or in combi-

nation with antibodies targeting PD-L1 (aPD-L1)

to TAC mice bearing established tumors. Trans-

fer of JAX fecal material alone resulted in signif-

icantly slower tumor growth (Fig. 2D), accompanied

by increased tumor-specific T cell responses

(Fig. 2E) and infiltration of antigen-specific T cells

into the tumor (Fig. 2F), to the same degree as

treatment with systemic aPD-L1 mAb. Combina-

tion treatment with both JAX fecal transfer and

aPD-L1mAb improved tumor control (Fig. 2D) and

circulating tumor antigen–specific T cell responses

(Fig. 2E), although there was little additive effect

on accumulation of activated T cells within the

tumormicroenvironment (Fig. 2F). Consistent with

these results, aPD-L1 therapy alone was signifi-

cantly more efficacious in JAX mice compared

withTACmice (Fig. 2G),whichparalleled improved

antitumor T cell responses (fig. S1C). These data

indicate that the commensal microbial compo-

sition can influence spontaneous antitumor im-

munity, as well as a response to immunotherapy

with aPD-L1 mAb.

To identify specific bacteria associated with im-

proved antitumor immune responses, we moni-

tored the fecal bacterial content over time of mice

that were subjected to administration of fecal

permutations, using the 16S ribosomalRNA (rRNA)

miSeq Illumina platform. Principal coordinate

analysis revealed that fecal samples analyzed from

TAC mice that received JAX fecal material grad-

ually separated from samples obtained from sham-

and TAC feces–inoculated TAC mice over time

(P = 0.001 and P = 0.003, respectively, ANOSIM

multivariate data analysis) and became similar
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to samples obtained from sham- and JAX feces–

inoculated JAX mice (Fig. 3A). In contrast, TAC-

inoculatedTACmice didnot change in community

diversity relative to sham-inoculated TAC mice

(P = 0.4, ANOSIM). Reciprocal transfer of TAC

fecal material into JAX hosts resulted in a sta-

tistically significant change in community diver-

sity (P = 0.003, ANOSIM), yet the distance of the

microbial shift was smaller (Fig. 3A).

Comparative analysis showed that 257 taxa

were of significantly different relative abundance

in JAXmice relative to TACmice [false discovery

rate (FDR) < 0.05, nonparametric t test] (Fig. 3B

and table S1). Members belonging to several of

these groups were similarly altered in JAX-fed

TAC mice relative to sham- or TAC-inoculated

TAC mice (Fig. 3C and tables S1 and S2). To fur-

ther identify functionally relevant bacterial taxa,

we askedwhich genus-level taxawere significantly

associatedwith accumulation of activated antigen-

specific T cells within the tumor microenviron-

ment across all permutations (Fig. 2C). The only

significant association was Bifidobacterium (P =

5.7 × 10
−5
, FDR = 0.0019, univariate regression)

(table S3), which showed a positive association

with antitumor T cell responses and increased in

relative abundance over 400-fold in JAX-fed TAC

mice (Fig. 3C). Stimulatory interactions between

bifidobacteria and the host immune system, in-

cluding those associatedwith interferon-g (IFN-g),

have been described previously (13–16). We thus

hypothesized that members of this genus could

represent a major component of the beneficial

antitumor immune effects observed in JAX

mice.

At the sequence level, Bifidobacterium opera-

tional taxonomic unit OTU_681370 showed the

largest increase in relative abundance in JAX-fed

TACmice (table S1) and the strongest association

with antitumor T cell responses across all permu-

tations (Fig. 3D and table S3). We further iden-

tified this bacterium as most similar to B. breve,

B. longum, and B. adolescentis (99% identity). To

test whether Bifidobacterium spp. may be suffi-

cient to augment protective immunity against

tumors, we obtained a commercially available

cocktail of Bifidobacterium species, which in-

cluded B. breve and B. longum and administered

this by oral gavage, alone or in combination

with aPD-L1, to TAC recipients bearing estab-

lished tumors. Analysis of fecal bacterial content

revealed that the most significant change in

response to Bifidobacterium inoculation occurred

in the Bifidobacterium genus (P = 0.0009, FDR =

0.015, nonparametric t test), with a 120-fold in-

crease in OTU_681370 (fig. S2A and table S4),

which suggested that the commercial inoculum

contained bacteria that were at least 97% identical

to the taxon identified in JAX and JAX-fed TAC

mice. An increase in Bifidobacterium could also

be detected by quantitative polymerase chain

reaction (PCR) (fig. S2B).

Bifidobacterium-treated mice displayed signif-

icantly improved tumor control in comparison

with their non-Bifidobacterium treated counter-

parts (Fig. 3E), which was accompanied by ro-

bust induction of tumor-specific T cells in the

periphery (Fig. 3F) and increased accumulation

of antigen-specific CD8
+
T cells within the tumor
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Fig. 1. Differences in

melanoma outgrowth

and tumor-specific

immune responses

between C57BL/6 JAX

and TAC mice are

eliminated when mice

are cohoused. (A) B16.

SIY tumor growth

kinetics in newly arrived

JAX and TAC mice.

(B) IFN-g enzyme-linked

immunospot assay

(ELISPOT) in tumor-

bearing JAX and TAC

mice 7 days after tumor

inoculation. (C) Mean

size of IFN-g spots

(10−3 mm2). (D) Per-

centage of SIY+ T cells

of total CD8+ T cells

within the tumor of

JAX and TAC mice as

determined by flow

cytometry 21 days after

tumor inoculation. Rep-

resentative plots (left),

quantification (right).

(E) B16.SIY tumor

growth kinetics in JAX

and TAC mice cohoused

for 3 weeks before

tumor inoculation.

(F) Number of IFN-g

spots/106 splenocytes

in tumor-bearing JAX

and TAC mice cohoused

for 3 weeks before tumor inoculation. (G) Mean size of IFN-g spots (10−3 mm2). (H) Percentage of SIY+ T cells of total CD8+ T cells within the tumor of

JAX and TAC mice cohoused for 3 weeks before tumor inoculation. Means T SEM combined from six independent experiments, analyzed by two-way

analysis of variance (ANOVA) with Sidak’s correction for multiple comparisons (A) and (E), or individual mice with means T SEM combined from four (B),

(C), (F), (G) or three (D) and (H) independent experiments, analyzed by Student’s t test; five mice per group per experiment; *P < 0.005, **P < 0.01; NS,

not significant.
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(Fig. 3G and fig. S2C). These effects lasted several

weeks (fig. S2, D and E).

The therapeutic effect of Bifidobacterium feed-

ingwas abrogated inCD8-depletedmice (fig. S3A),

which indicated that the mechanism was not di-

rect but rather through host antitumor T cell re-

sponses. Heat inactivation of the bacteria before

oral administration also abrogated the therapeu-

tic effect on tumor growth and reduced tumor-

specific T cell responses to baseline (fig. S3, B to

D), which suggested that the antitumor effect

requires live bacteria. As an alternative strategy,

we tested the therapeutic effect of B. breve and

B. longum strains obtained from theAmericanType

Culture Collection, which also showed significantly

improved tumor control (fig. S4A). Administra-

tion of Bifidobacterium to TAC mice inoculated

with B16 parental tumor cells or MB49 bladder

cancer cells also resulted in delayed tumor out-

growth (fig. S4, B and C, respectively). Oral ad-

ministration ofLactobacillusmurinus to TACmice,

which was not among the overrepresented taxa

in JAX-fed mice, had no effect on tumor growth

(fig. S4D) or on tumor-specific T cell responses

(fig. S4E), which suggested that modulation of

antitumor immunity dependson the specific bacte-

ria administered. Collectively, these data point to

Bifidobacterium as a positive regulator of anti-

tumor immunity in vivo.

Upon inoculation with Bifidobacterium, a

small set of species were altered in parallel with

Bifidobacterium (ANOSIM,P=0.003) (fig. S5Aand

table S4), however, for themost part, they did not

resemble the changes observed with JAX feces

administration. Although we observed reduc-

tions (~2- to 10-fold) in members of the order

Clostridiales, as well as in butyrate-producing

species, upon Bifidobacterium inoculation, which

could point to an inhibitory effect on the regula-

tory T cell compartment (17–19), we did not ob-

serve any difference in the frequency of CD4
+

Foxp3
+
T cells in tumors isolated from JAX

and TAC mice (fig. S5B). Thus, although we

cannot definitively rule out an indirect effect, it is

unlikely that Bifidobacterium is acting primar-

ily through modulation of the abundance of

other bacteria.

We next assessed whether translocation of

Bifidobacteriumwas occurring into the mesenter-

ic lymph nodes, spleen, or tumor; however, no

Bifidobacteriumwas detected in any of the organs
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Fig. 2. Oral administration of JAX fecal material to TAC mice enhances

spontaneous antitumor immunity and response to aPD-L1 mAb therapy.

(A) B16.SIY tumor growth in newly arrived TAC mice,TAC and JAX mice orally

gavaged with phosphate-buffered saline or TAC or JAX fecal material before

tumor implantation. (B) Number of IFN-g spots × mean spot size (10−3 mm2),

determined by ELISPOT 7 days after tumor inoculation. (C) Percentage of SIY+

CD8+ Tcells within the tumor of TAC and JAX mice treated as in (A), 21 days

after tumor inoculation. Representative plots (left), quantification (right).

(D) B16.SIY tumor growth in TAC mice, untreated or treated with JAX fecal

material 7 and 14 days after tumor implantation, aPD-L1 mAb 7, 10, 13, and

16 days after tumor implantation, or both regimens. (E) IFN-g ELISPOT as-

sessed 5 days after start of treatment. (F) Percentage of tumor-infiltrating SIY+

CD8+ Tcells, determined by flow cytometry 14 days after start of treatment.

(G) B16.SIY tumor growth kinetics in TAC and JAX mice, untreated or treated

with aPD-L1 mAb 7, 10, 13, and 16 days after tumor implantation. Means T SEM

analyzed by two-way analysis of variance (ANOVA) with Dunnett’s (A) or

Tukey’s (D) and (G) correction formultiple comparisons; or individualmicewith

means T SEM analyzed by one-way ANOVA with Holm-Sidak correction for

multiple comparisons (B), (C), (E), and (F); data are representative of (A) to

(C), (F), and (G) or combined from (D) and (E) two to four independent

experiments; fivemice per group per experiment; *P<0.05, **P<0.01, ****P<

0.0001; NS, not significant.
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Fig. 3. Direct administration of

Bifidobacterium to TAC recipi-

ents with established tumors

improves tumor-specific immu-

nity and response to aPD-L1

mAb therapy. (A) Principal

coordinate analysis plot of bacte-

rial b-diversity over time in groups

treated as in Fig. 2A, each group is

made up of at least two cages,

three or four mice per cage; data

represent three independent

experiments; **P < 0.01, ***P <

0.001 (ANOSIM). (B) Phylogenetic analysis of taxa that are of significantly

different abundance in newly arrived JAX versus TAC mice FDR < 0.05 (non-

parametric t test); bars represent log-transformed fold changes, inner circle,

log10(10); middle circle, log10(100); outer circle, log10(1000). (C) Heat map

showing relative abundance over time of significantly altered genus-level taxa

in JAX-fed TAC mice FDR < 0.05 (nonparametric t test); columns depict in-

dividual mice; each time point shows mice from two separate cages, three or

fourmice per cage. (D) Correlation plot of relative abundance ofBifidobacterium

OTU_681370 in fecal material obtained from groups, as in (A), 14 days after

arrival and frequency of SIY+ CD8+ T cells in tumor; P = 1.4 × 10−5, FDR =

0.0002, correlation R
2 = 0.86 (univariate regression). (E) B16.SIY tumor

growth kinetics in TACmice, untreated or treated with Bifidobacterium 7 and

14 days after tumor implantation, aPD-L1 mAb 7, 10, 13, and 16 days after

tumor implantation, or both regimens. (F) IFN-g ELISPOT assessed 5 days

after start of treatment. (G) Percentage of tumor-infiltrating SIY+ CD8+ Tcells,

determined by flow cytometry 14 days after start of treatment. Means T SEM

analyzed by two-way ANOVAwith Tukey’s correction (E) or individualmicewith

means T SEManalyzed byone-wayANOVAwithHolm-Sidakcorrection (F) and

(G), and are combined from two independent experiments; fivemice per group

per experiment: *P < 0.05, ***P < 0.001, ****P < 0.0001.
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isolated from Bifidobacterium-gavaged tumor-

bearing mice (fig. S5C). We thus concluded that

the observed systemic immunological effects

are likely occurring independently of bacterial

translocation.

We subsequently interrogated the immuno-

logic mechanisms underlying the observed dif-

ferences in T cell responses between TAC, JAX,

and Bifidobacterium-treated TACmice (fig. S6A).

CD8
+
SIY-specific 2CT cell receptor (TCR)TgT cells

exposed to tumors in JAX and Bifidobacterium-

treated TAC mice exhibited greater expansion in

the tumor-draining lymph node, as compared

with their counterparts in TAC mice (fig. S6B).

However, they produced markedly greater IFN-g

in both the tumor-draining lymph node and the

spleenof JAXandBifidobacterium-fedTAC tumor-

bearingmice (Fig. 4A), consistent with our analy-

ses of the endogenous T cell response (Figs. 1C,

2E, and 3F). These data pointed to an improve-

ment in immune responses upstream of T cells,

at the level of host dendritic cells (DCs). Con-

sistentwith this hypothesis,we foundan increased

percentage of major histocompatibility complex

(MHC) Class II
hi
DCs in the tumors of JAX and

Bifidobacterium-treated TAC mice (Fig. 4B).

We therefore used genome-wide transcriptional

profiling of early tumor-infiltrating DCs isolated

from TAC, JAX, and Bifidobacterium-treated TAC

mice (fig. S7A and table S5). Pathway analysis of

760 gene transcripts up-regulated in both JAX

and Bifidobacterium-treated TAC-derived DCs

relative to DCs from untreated TAC mice identi-

fied cytokine-cytokine receptor interaction, T cell

activation, and positive regulation of mononu-

clear cell proliferation as significantly enriched

pathways (Fig. 4C and fig. S7B). Many of these

genes have been shown to be critical for antitu-

mor responses, including those involved in CD8
+

T cell activation and costimulation [H2-m2 (MHC-I),

Cd40, Cd70, and Icam1] (20–22); DC maturation

(Relb and Ifngr2) (23, 24); antigen processing and

1088 27 NOVEMBER 2015 • VOL 350 ISSUE 6264 sciencemag.org SCIENCE

Fig. 4. Dendritic cells isolated from JAX and Bifidobacterium-fed

TAC mice show increased expression of genes associated with

antitumor immunity and heightened capability for Tcell activa-

tion. (A) Quantification of IFN-g mean fluorescence intensity (MFI)

of 2CCD8+Tcells in the tumor-draining lymph node (left) and spleen

(right) of TAC, JAX, and Bifidobacterium-fed TACmice on day 7 after

adoptive transfer. (B) Percentage of MHC Class IIhi DCs in tumors

isolated from TAC, JAX, and Bifidobacterium-fed TAC mice 40 hours

after tumor implantation as assessed by flow cytometry. Data in (A)

and (B) show individual mice with means T SEM, analyzed by one-

way ANOVAwith Holm-Sidak correction; representative of two to four

independent experiments, eight or nine mice per group per experi-

ment: *P<0.05, **P<0.01, ****P<0.0001. (C) Enriched biological pathways and functions foundwithin the subset of elevated genes in JAXandBifidobacterium-

treated TAC-derived DCs relative to untreated TACDCs isolated from tumors 40 hours after tumor inoculation, as assessed by DAVID pathway analysis. Red bars

indicate the percentage of genes in a pathway up-regulated in DCs isolated from JAX andBifidobacterium-fed TACmice. Blue line indicates P values calculated by

Fisher’s exact test. (D) Heat map of key antitumor immunity genes in DCs isolated from JAX, Bifidobacterium-treated TAC or untreated TAC mice. Mean fold-

change for each gene transcript is shown on the right. (E) Quantification of IFN-g+ 2C TCR Tg CD8+ Tcells stimulated in vitro with DCs purified from peripheral

lymphoid tissues of naïve TAC, JAX, and Bifidobacterium-treated TACmice in the presence of different concentrations of SIYpeptide. Analyses in (C) to (E) were

performed on data combined from two independent experiments, five mice pooled per group per experiment. (E) Technical replicates of pooled samples from

each experiment separately and were analyzed by fitting a linear mixed model, with Bonferroni correction for multiple comparisons: *P < 0.05, ****P < 0.0001.
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cross presentation (Tapbp, Rab27a, and Slc11a1)

(25–27); chemokine-mediated recruitment of im-

mune cells to the tumormicroenvironment (Cxcl9,

Cx3cl1, and Cxcr4) (28–30); and type I interferon

signaling (Irf1, Ifnar2, Oas2, Ifi35, and Ifitm1)

(31, 32) (Fig. 4D and fig. S7C). Expression of these

geneswas also increased inmurine bonemarrow–

derived DCs stimulated with Bifidobacterium

in vitro (table S6), consistent with previous re-

ports that these species of Bifidobacterium can

directly elicit DC maturation and cytokine pro-

duction (13).

To test whether functional differences in DCs

isolated from TAC, JAX, and Bifidobacterium-

treated TAC mice could be sufficient to explain

the differences in T cell priming observed in vivo,

we purified DCs from lymphoid tissues of naïve

TAC, JAX, and Bifidobacterium-treated TAC mice

and tested their ability to induce carboxyfluorescein

diacetate succinimidyl ester (CFSE)–labeled CD8
+

SIY-specific 2C TCR Tg T cell proliferation and

acquisition of IFN-g production in vitro. DCs pu-

rified from JAX and Bifidobacterium-treated TAC

mice induced 2C T cell proliferation at lower

antigen concentration than did DCs purified from

naïve TAC mice (fig. S8, A and B). Furthermore,

at all antigen concentrations, JAX-derived DCs

elicited elevated levels of T cell IFN-g production

(Fig. 4E and fig. S8A).We observed similar effects

upon oral administration of Bifidobacterium to

TAC mice before DC isolation (Fig. 4E and fig.

S8A). Taken together, these data suggest that

commensalBifidobacterium-derived signalsmodu-

late the activation of DCs in the steady state, which

in turn supports improved effector function of

tumor-specific CD8
+
T cells.

Our studies demonstrate an unexpected role

for commensalBifidobacterium in enhancing anti-

tumor immunity in vivo. Given that beneficial

effects are observed in multiple tumor settings

and that alteration of innate immune function

is observed, this improved antitumor immunity

could be occurring in an antigen-independent

fashion. The necessity for live bacteriamay imply

that Bifidobacterium colonizes a specific compart-

ment within the gut that enables it to interact

with host cells that are critical formodulatingDC

function or to release soluble factors that dis-

seminate systemically and lead to improved DC

function.

Our results do not rule out a contribution of

other commensal bacteria species in having the

capability to regulate antitumor immunity, either

positively or negatively. Our data support the idea

that one source of intersubject heterogeneity with

regard to spontaneous antitumor immunity and

therapeutic effects of antibodies targeting the

PD-1/PD-L1 axis may be the composition of gut

microbes, which could be manipulated for ther-

apeutic benefit. These principles could apply to

other immunotherapies, such as antibodies tar-

geting the CTLA-4 pathway. Similar analyses can

be performed in humans, by using 16S rRNA se-

quencing of stool samples from patients receiving

checkpoint blockade or other immunotherapies,

to identify commensals associated with clinical

benefit.
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MALARIA

Malaria parasites target the
hepatocyte receptor EphA2 for
successful host infection
Alexis Kaushansky,1* Alyse N. Douglass,1 Nadia Arang,1 Vladimir Vigdorovich,1

Nicholas Dambrauskas,1 Heather S. Kain,1 Laura S. Austin,1,2

D. Noah Sather,1 Stefan H.I. Kappe1,2*

The invasion of a suitable host hepatocyte by mosquito-transmitted Plasmodium

sporozoites is an essential early step in successful malaria parasite infection. Yet precisely

how sporozoites target their host cell and facilitate productive infection remains largely

unknown.We found that the hepatocyte EphA2 receptor was critical for establishing a

permissive intracellular replication compartment, the parasitophorous vacuole. Sporozoites

productively infected hepatocytes with high EphA2 expression, and the deletion of EphA2

protected mice from liver infection. Lack of host EphA2 phenocopied the lack of the

sporozoite proteins P52 and P36. Our data suggest that P36 engages EphA2, which is likely

to be a key step in establishing the permissive replication compartment.

M
alaria infections place a tremendous bur-

den on global health (1). Their causative

agents, Plasmodium parasites, are trans-

mitted to mammals as sporozoites by

the bite of Anopheles mosquitoes. After

entry into a capillary, sporozoites are carried to

the liver, where they pass through multiple cells

before recognizing and invading hepatocytes.

During invasion, the sporozoite forms a protec-

tive parasitophorous vacuole made of hepatocyte

plasma membrane, which ensconces the para-

site, establishes the intrahepatocytic replication
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1. Come è dimostrato in questo studio il ruolo del microbioma nel modulare 

l’immunità anti-tumorale? 
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
2. Nello studio la secrezione di IFN-gamma è utilizzata per monitorare le risposte 

cellulari T antigene-specifiche. Perchè è stata scelta questo molecola e quali altre 

citochine avrebbero potuto essere utilizzate per caratterizzare una risposta T 

citotossica? 
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�ULVSRVWD�HVDWWD�����±ULVSRVWD�RPHVVD������ULVSRVWD�HUUDWD�R�LQYDOLGDWD��������±���
�

1. Quali caratteristiche accomunano o differenziano i topi C57BL/6 allevati 

presso il Jackson Laboratory (JAX) e la Taconic Farm (TAC)? 
$� ,�WRSL�GHL�GXH�FHQWUL�SRVVLHGRQR�XQ�GLIIHUHQWH�EDFNJURXQG�JHQHWLFR� � �
%� ,�WRSL�GHL�GXH�FHQWUL�SRVVLHGRQR�XQ�GLIIHUHQWH�PLFURELRPD� � � �
&� /D�FUHVFLWD�GHO�WXPRUH�%���6,<�KD�XQD�FLQHWLFD�DQDORJD�QHL�WRSL�� �
�GHL�GXH�FHQWUL� � � � � � � � � �

'� 7XWWH�OH�SUHFHGHQWL�ULVSRVWH�VRQR�FRUUHWWH� � � � � �
�
2. I tumori B17.SIY che crescono nei topi JAX 

$� 6RQR�PDJJLRUPHQWH�LQILOWUDWL�GD�OLQIRFLWL�7�&'��� � � � �
%� 6RQR�PDJJLRUPHQWH�LQILOWUDWL�GD�OLQIRFLWL�7�WXPRUH�VSHFLILFL�� � �
&� 7XWWH�OH�SUHFHGHQWL�ULVSRVWH�VRQR�FRUUHWWH� � � � � �
'� 6RQR�PDJJLRUPHQWH�LQILOWUDWL�GD�OLQIRFLWL�7�&'��� � � � �
�
�
3. Il trasferimento profilattico di materiale fecale da topi TAC in topi JAX 

rispetto al trasferimento di materiale fecale da topi JAX in topi JAX… 
$� $FFHOHUD�VLJQLILFDWLYDPHQWH�OD�FUHVFLWD�GHO�WXPRUH�%���6,<�� � �
%� 5DOOHQWD�VLJQLILFDWLYDPHQWH�OD�FUHVFLWD�GHO�WXPRUH�%���6,<� � � �
&� 1RQ�PRGLILFD�LQ�PRGR�VLJQLILFDWLYR�OD�FUHVFLWD�GHO�WXPRUH�%���6,<�� �
'� 1HVVXQD�ULVSRVWD�q�FRUUHWWD� � � � � � � �
�
4. Il trasferimento profilattico di materiale fecale da topi JAX in topi TAC e la 

somministrazione di anticorpi anti-PD-L1… 

$� ,QFUHPHQWD�VLJQLILFDWLYDPHQWH�OD���GL�OLQIRFLWL�7�&'���VSHFLILFL� �
�SHU�6,<�QHO�WXPRUH�ULVSHWWR�DL�WRSL�WUDWWDWL�FRQ�VROR�DQWL�3'�/�� � �

%� ,QFUHPHQWD�VLJQLILFDWLYDPHQWH�OD���GL�OLQIRFLWL�7�&'���VSHFLILFL�� �
�SHU�6,<�QHO�WXPRUH�ULVSHWWR�DL�WRSL�WUDWWDWL�FRQ�VROR�PDWHULDOH�IHFDOH�� �

&� 1RQ�LQFUHPHQWD�VLJQLILFDWLYDPHQWH�OD���GL�OLQIRFLWL�7�&'���VSHFLILFL��
�SHU�6,<�QHO�WXPRUH�ULVSHWWR�DL�WRSL�QRQ�WUDWWDWL�� � � � �

'� 1HVVXQD�ULVSRVWD�q�FRUUHWWD� � � � � � � �
�
5. Il microbiota dei topi TAC trattati con materiale fecale da JAX… 

$� 6L�DUULFFKLVFH�GL�Eggherthelia spp� � � � � � �
%� 6L�GHSDXSHUD�GL�Bifidoacterium spp� � � � � � �
&� 6L�DUULFFKLVFH�GL Bifidoacterium spp� � � � � � �
'� 1HVVXQD�ULVSRVWD�q�FRUUHWWD� � � � � � � �
�
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6. La somministrazione di %LILGRDFWHULXP�e di anticorpi anti-PD-L1… 

$� +D�XQ�HIIHWWR�DQDORJR�VXOOD�FUHVFLWD�GHO�WXPRUH�%���6,<� � � �
%� +D�XQ�HIIHWWR�DQDORJR�VXOO¶LQFUHPHQWR�GL�OLQIRFLWL�7�&'���VSHFLILFL���
�SHU�6,<�QHO�WXPRUH� � � � � � � � �

&� +D�XQ�HIIHWWR�SL��FXUDWLYR�VH�L�WRSL�VXELVFRQR�HQWUDPEL�L�WUDWWDPHQWL�� �
'� 7XWWH�OH�ULVSRVWH�VRQR�FRUUHWWH�� � � � � � �
�
7. I batteri somministrati a topi TAC inducono rallentamento nella crescita del 

tumore B16.SIY… 

$� 4XHVWD�DIIHUPD]LRQH�q�YHUD�QHO�FDVR�GL�Bifidoacterium� � � �
%� 4XHVWD�DIIHUPD]LRQH�q�VHPSUH�YHUD� � � � � � �
&� 4XHVWD�DIIHUPD]LRQH�q�YHUD�VROR�QHO�FDVR�GHO�Lactobacillus murinus� �
'� 4XHVWD�DIIHUPD]LRQH�q�VHPSUH�IDOVD� � � � � � �
�
8. L’effetto antitumorale della somministrazione di Bifidoacterium… 

$� 'LSHQGH�GDOOD�WUDVORFD]LRQH�EDWWHULFD�QHL�OLQIRQRGL� � � � �
%� 'LSHQGH�GDOOD�WUDVORFD]LRQH�EDWWHULFD�QHO�WXPRUH� � � � �
&� (¶�LQGLSHQGHQWH�GDOOD�WUDVORFD]LRQH�EDWWHULFD�QHL�OLQIRQRGL��� �
�QHOOD�PLO]D�H�QHO�WXPRUH� � � � � � � �

'� 'LSHQGH�GDOOD�WUDVORFD]LRQH�EDWWHULFD�QHOOD�PLO]D� � � � �
�
�� Ad una settimana dal loro trasferimento adottivo, cellule T CD8+ specifiche 

per SIY producono più IFN-gamma«��
$� 1HO�OLQIRQRGR�H�PLO]D�GHL�WRSL�7$&�ULVSHWWR�DJOL�DOWUL�JUXSSL�VSHULPHQWDOL� �
%� 1HOOD�VROD�PLO]D�GHL�WRSL�7$&�ULVSHWWR�DJOL�DOWUL�JUXSSL�VSHULPHQWDOL�� �
&� 1HJOL�RUJDQL�HVDPLQDWL�GDL�WRSL�-$;�ULVSHWWR�DL�WRSL�7$&� � � �
'� 1HO�OLQIRQRGR�H�PLO]D�GHL�WRSL�-$;�ULVSHWWR�DJOL�DOWUL�JUXSSL�VSHULPHQWDOL� �
�

10. Cellule dendritiche ad alta espressione di MHC di classe II sono riscontrate in 

maggiore percentuale… 

$� 1HL�OLQIRQRGL�GUHQDQWL�LO�WXPRUH�GHL�WRSL�7$&�ULVSHWWR�DL�WRSL�-$;�� � �
%� 1HOOH�PLO]H�GUHQDQWL�GHL�WRSL�-$;�ULVSHWWR�DL�WRSL�7$&�WUDWWDWL�FRQ�

Bifidobacterium� � � � � � � � �
&� 1HL�WXPRUL�GHL�WRSL�-$;�ULVSHWWR�DL�WRSL�7$&�� � � � �
'� 1HVVXQD�ULVSRVWD�q�FRUUHWWD� � � � � � � �
�

11. Nella Figura 1, pannello C, si utilizza il “mean size” degli spot di IFN-

gamma, questo parametro riflette… 
$� ,O�QXPHUR�GL�FHOOXOH�SHU�SLDVWUD�FKH�SURGXFRQR�FLWRFKLQD� � � �
%� ,O�QXPHUR�GL�FHOOXOH�SHU�VSRW�FKH�SURGXFRQR�OD�FLWRFKLQD� � � �
&� /D�TXDQWLWj�GL�FLWRFKLQD�SURGRWWD�GD�FLDVFXQ�FORQH�FHOOXODUH� � � �
'� /D�TXDQWLWj�GL�FLWRFKLQD�SURGRWWD�GD�FLDVFXQD�FHOOXOD�� � � �
�
�
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12. La Figura 1, pannello D, mostra una maggiore frequenza di cellule positive 

per la colorazione con pentameri XY nei topi JAX rispetto ai topi TAC. Questa 

colorazione identifica i linfociti che esprimono… 

$� ,)1�J฀฀฀฀� � � � � � � � � �
%� &'�� � � � � � � � � � �
&� +0&�VSHFLILFL�SHU�XQR�VSHFLILFR�SHSWLGH� � � � � �
'� 7&5�VSHFLILFL�SHU�XQR�VSHFLILFR�SHSWLGH� � � � � �
�
13. Commentando la Figura 2, gli autori descrivono un “JAX-dominant effect”. 

Tale effetto presuppone che… 

$� /H�IHFL�GHL�WRSL�-$;�VLDQR�SRSRODWH�GD�XQ�PLFURELRPD�LQ�JUDGR�GL�
FRORQL]]DUH�SL��YHORFHPHQWH�HG�HIILFDFHPHQWH�ULVSHWWR�D�TXHOOH��
GL�WRSL�7$&� � � � � � � � � �

%� /H�IHFL�GHL�WRSL�7$&�VLDQR�SRSRODWH�GD�XQ�PLFURELRPD�LQ�JUDGR�GL�
FRORQL]]DUH�SL��YHORFHPHQWH�HG�HIILFDFHPHQWH�ULVSHWWR�D�TXHOOH�GL�� �
WRSL�-$;� � � � � � � � � �

&� ,O�PLFURELRPD�GHL�WRSL�7$&�WUDVIHULWR�QHL�WRSL�-$;�VLD�LQFDSDFH�GL���
LQIOXLUH�LPPXQRORJLFDPQHWH�VXO�PLFURELRPD�GHL�WRSL�-$;� � � �

'� ,O�PLFURELRPD�GHL�WRSL�-$;�WUDVIHULWR�QHL�WRSL�7$&�VLD�LQFDSDFH�GL�
LQIOXLUH�LPPXQRORJLFDPHQWH�VXO�PLFURELRPD�GHL�WRSL�7$&� � � �

�
14. Nella Figura 2, pannello F, la percentuale di linfociti positive alla colorazione 

con pentamero risulta simile dopo il trapianto di feci dai topi JAX  in topi 

trattati con anticorpi anti-PDL1 e con la combinazione di questi due 

trattamenti. Questo risultato suggerisce che i due trattamenti agiscano… 

$� 6XOOR�VWHVVR�WDUJHW� � � � � � � � �
%� 6X�WDUJHW�GLIIHUHQWL� � � � � � � � �
&� ,Q�VLQHUJLD� � � � � � � � � �
'� ,Q�DQWDJRQLVPR� � � � � � � � �
�
15.�L’efficacia degli anticorpi anti-PDL1 in questo sistema presuppone che… 

$� ,O�PLFURELRPD�LQIOXHQ]L�OD�FDSDFLWj�GHL�OLQIRFLWL�GL�HVVHUH�HOLPLQDWL��
SHU�PRUWH�FHOOXODUH�SURJUDPPDWD� � � � � � �

%� *OL�DQWLFRUSL�DEELDQR�OD�FDSDFLWj�G¶LQWHUIHULUH�FRQ�OLQIRFLWL�7�UHJRODWRUL�LQ�
JUDGR�GL�EORFFDUH�OD�ULVSRVWD�DQWL�WXPRUH� � � � � �

&� /¶HVLVWHQ]D�GL�XQD�ULVSRVWD�DQWL�WXPRUDOH�PHGLDWD�GD�OLQIRFLWL�7� � �
'� /¶HVLVWHQ]D�GL�XQD�ULVSRVWD�7�FHOOXODUH�VSHFLILFD�SHU�DQWLJHQL�GHO��
PLFURELRPD� � � � � � � � � �

�
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16. Nello studio, la scelta del %LILGRDFWHULXP come agente per il trattamento dei 

topi TAC è basata sulla seguente premessa: 

$� /H�IHFL�GHL�WRSL�-$;�FRQWHQJRQR�PROWR�PHQR�Bifidoacterium� � �
%� /D�SUHVHQ]D�GHO�Bifidoacterium�q�DVVRFLDWD�SRVLWLYDPHQWH�� � �
DOOD�FRPSDUVD�GL�7�FHOOXOH�DG�D]LRQH�DQWL�WXPRUDOH� � � � �

&� /D�SUHVHQ]D�GHO�Bifidoacterium rium�q�DVVRFLDWD�QHJDWLYDPHQWH�DOOD�� �
FRPSDUVD�GL�7�FHOOXOH�DG�D]LRQH�DQWL�WXPRUDOH� � � � �

'� ,O�Bifidoacterium�q�XQR�GHL�FRVWLWXHQWL�IRQGDPHQWDOL�GHOOH�
SUHSDUD]LRQL�FRPPHUFLDOL�XWLOL]]DWD�GDOO¶LQGXVWULD�FDVHDULD� � � �

�
17. Il trattamento con il %LILGRDFWHULXP si è dimostrato in grado di: 

$��$XPHQWDUH�LQ�PRGR�VLJQLILFDWLYR�LO�QXPHUR�GL�OLQIRFLWL�VSHFLILFL�� �
LQILOWUDQWL�LO�WXPRUH��PD�QRQ�TXHOOL�SUHVHQWL�LQ�SHULIHULD� � � �

%��$XPHQWDUH�LQ�PRGR�VLJQLILFDWLYR�LO�QXPHUR�GL�OLQIRFLWL�VSHFLILFL��
SUHVHQWL�LQ�SHULIHULD��PD�QRQ�TXHOOL�LQILOWUDQWL�LO�WXPRUH� � � �

&��$XPHQWDUH�LQ�PRGR�VLJQLILFDWLYR�LO�QXPHUR�GL�OLQIRFLWL�VSHFLILFL��
� LQILOWUDQWL�LO�WXPRUH�H�SUHVHQWL�LQ�SHULIHULD� � � � � �
'��$XPHQWDUH�LQ�PRGR�VLJQLILFDWLYR�LO�QXPHUR�GL�OLQIRFLWL�VSHFLILFL��
� LQILOWUDQWL�LO�WXPRUH��PD�VROR�LQ�FRPELQD]LRQH�FRQ�DQWLFRUSL�DQWL�3'/�� �
�
18. L’alta espressione di antigeni MHC di Classe II sulle cellule dendritiche 

CD11c+ viene utilizzata nel pannello B della Figura 4 per indicare… 

$� /D�FDSDFLWj�PLJUDWRULD�GHOOH�FHOOXOH�DOO¶LQWHUQR�GHO�WXPRUH� � � �
%� /R�VWDWR�GL�PDWXUD]LRQH�GHOOH�FHOOXOH� � � � � � �
&� /D�FDSDFLWj�GL�VRSUDYYLYHUH�DOOD�PRUWH�FHOOXODUH�LQGRWWD�GD�� �
� cross-linking GL�PROHFXOH�0+&� � � � � � �
'� /D�FDSDFLWj�GL�SURGXUUH�,)1�JDPPD� � � � � � �
�
19. Secondo gli autori gli effetti sull’espressione genica di cellule dendritiche in 

animali trattati con %LILGRDFWHULXP potrebbero essere conseguenza della capacità 

dei batteri di… 

$� $WWLYDUH�OLQIRFLWL�D�OLYHOOR�GHOOD�PXFRVD�LQWHVWLQDOH� � � � �
%� (VVHUH�WUDVSRUWDWL�QHL�OLQIRQRGL�GUHQDQWL� � � � � �
$� ,QWHUDJLUH�GLUHWWDPHQWH�FRQ�OH�FHOOXOH�GHQGULWLFKH� � � � �
%� ,QWHUDJLUH�GLUHWWDPHQWH�FRQ�L�OLQIRFLWL�7�&'��� � � � �
�
20. La proliferazione delle cellule T marcate con il fluorocromo CSFE è valutata 

mediante citometria a flusso… 

$� 0RQLWRUDQGR�OD�TXDQWLWj�GL�FRORUDQWH�FKH�LQWHUDJLVFH�HIIHWWLYDPHQWH�FRQ��
� OD�FURPDWLQD�GHFRQGHQVDWD� � � � � � � �
%� 9DOXWDQGR�OD�FDSDFLWj�GHO�FRORUDQWH�GL�DVVRFLDUVL�D�.L��� � � �
&� 9DOXWDQGR�OD�FDSDFLWj�GHO�FRORUDQWH�GL�DVVRFLDUVL�DOOH�SURWHLQH�GL�QXRYD�
� VLQWHVL�GXUDQWH�OD�GXSOLFD]LRQH�FHOOXODUH� � � � � �
'� 9DOXWDQGR�OD�GLOXL]LRQH�GHO�FRORUDQWH�LQ�PRGR�SURSRU]LRQDOH�� �
� DL�FLFOL�GL�SUROLIHUD]LRQH�FHOOXODUH�� � � � � � �
�



Università Vita Salute San Raffaele

Prova di selezione per l’ammissione al corso di Laurea Magistrale in

BIOTECNOLOGIE MEDICHE MOLECOLARI E CELLULARI

3 Ottobre 2016
�

��

21.�La risposta dei pazienti all’immunoterapia discussa nell’articolo è migliore 

se...�
$� 1HL�SD]LHQWL�q�JLj�SUHVHQWH�XQD�ULVSRVWD�7�FHOOXODUH� � � � �
%� 1HL�SD]LHQWL�q�JLj�SUHVHQWH�XQD�ULVSRVWD�%�FHOOXODUH� � � � �
&� 1HL�SD]LHQWL�q�JLj�SUHVHQWH�XQD�ULVSRVWD�LPPXQLWDULD�LQQDWD� � � �
'� 1HVVXQD�ULVSRVWD�q�FRUUHWWD� � � � � � � �
�
22.�La coabitazione dei due ceppi di topi utilizzati nello studio ha comportato…�
$� 1HVVXQ�SDUWLFRODUH�HIIHWWR�VXOOD�FUHVFLWD�WXPRUDOH�QHL�GXH�FHSSL�GL�WRSR� �
%� 8QD�PRGLILFD]LRQH�GHOOD�ULVSRVWD�LPPXQLWDULD�QHL�GXH�FHSSL�GL�WRSR��
� VHQ]D�LQIOXHQ]DUH�OD�FUHVFLWD�WXPRUDOH� � � � � �
&� 8QD�PRGLILFD]LRQH�GHOOD�FUHVFLWD�WXPRUDOH�VHQ]D�LQIOXHQ]DUH�OD�ULVSRVWD�
LPPXQLWDULD�QHL�GXH�FHSSL�GL�WRSR� � � � � � �

'� /¶DEROL]LRQH�GHOOH�GLIIHUHQ]H�VLD�GL�FUHVFLWD�WXPRUDOH�FKH�GL�ULVSRVWD��
�� LPPXQLWDULD�QHL�GXH�FHSSL�PXULQL� � � � � � �
�
23.�L’efficacia della terapia con Ab anti-PD-L1 è…�
$� 6LPLOH�QHL�GXH�FHSSL�GL�WRSR� � � � � � � �
%� 6XSHULRUH�QHL�WRSL�-$;� � � � � � � �
&� 6XSHULRUH�QHL�WRSL�7$&� � � � � � � �
'� 1HVVXQD�ULVSRVWD�q�FRUUHWWD� � � � � � � �
�
24.�la caratterizzazione del microbiota dei due ceppi di topi è stata condotta 

mediante…�
$� 6HPLQD�LQ�VRIW�$JDU�H�FUHVFLWD�GHOOH�FRORQLH�EDWWHULFKH� � � �
%� $PSOLILFD]LRQH�VHOHWWLYD�GL�QRWH�UHJLRQL�GL�JHQRPD�EDWWHULFR�UHFDQWH��
PXWD]LRQL�GL�UHVLVWHQ]D�DJOL�DQWLELRWLFL� � � � �

&�� 0HGLDQWH�DPSOLILFD]LRQH�GHO�'1$�EDWWHULFR� � � � �
������'��0HGLDQWH�VHTXHQ]LDPHQWR�GHOO¶51$�ULERVRPLDOH���6� � � �
�
25.�Un’analisi statistica dello studio ha utilizzato il “False Discovery Rate 

(FDR)” che potrebbe essere definito come…�
$� 8Q�PHWRGR�FKH�LGHQWLILFD�OD�SUHVHQ]D�GL�GDWL�IDOVL�QHOOR�VWXGLR� � �
%� (¶�XQ�PHWRGR�XWLOL]]DWR�SHU�YDOXWDUH�FRQIURQWL�PXOWLSOL�FRQ�PLVXUH�� �
ULSHWXWH� � � � � � � � � �

&� (¶�VLQRQLPR�GHO�PHWRGR�GL�%RQIHUURQL�� � � � � �
'� 1HVVXQD�ULVSRVWD�q�FRUUHWWD� � � � � � � �
�
26. Nello studio è utilizzato il colorante CSE; quali altri metodi avrebbero potuto 

essere impiegati per ottenere la stessa informazione? 
$� ,QFRUSRUD]LRQH�GL�WLPLGLQD�WUL]LDWD� � � � � � �
%� 5LODVFLR�GL�3HUIRULQD� � � � � � � � �
&� 6HFUH]LRQH�GL�,/��� � � � � �� � � �
'� (VSUHVVLRQH�GL�IRVIDWLGLO�VHULQD�VXOOD�VXSHUILFLH�FHOOXODUH� � � �
�
�
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27.�Un’importante condizione controllo dello studio è stata …�
$� /¶LQGDJLQH�GHO�SRVVLELOH�HIIHWWR�GL�Bifidobacterium�VXOOD�ULVSRVWD��
LPPXQLWDULD�LQ�DQLPDOL�QRQ�SRUWDWRUL�GL�WXPRUL� � � � �

%� 8WLOL]]DUH�XQ¶LQIH]LRQH�YLUDOH�H�QRQ�EDWWHULFD�FRPH�FRQWUROOR�GL�� �
VSHFLILFLWj� � � � � � � � � �

&� ,QRFXODUH�L�WRSL�7$&�FRQ�Bifidobacterium�LQDWWLYDWR�DO�FDORUH� �� �
'� 1HVVXQD�ULVSRVWD�q�FRUUHWWD� � � � � � � �
�
28. Nello studio, l’effetto del Bifidobacterium nei topi TAC è abolito da… 

$� (OLPLQD]LRQH�GL�OLQIRFLWL�7�&'��� � � � � � �
%� (OLPLQD]LRQH�GHL�OLQIRFLWL�%� � � � � � � �
&� (OLPLQD]LRQH�GL�OLQIRFLWL�7�&'��� � � �� � � �
'� 1HXWUDOL]]D]LRQH�GHOO¶,)1�JDPPD� � � � � � �
�
29. Altri batteri simili al %LILGREDFWHULXP��%��EUHYH�H�%��ORQJXP� hanno causato 

effetti… 

$� 6LPLOL�DO�Bifidobacterium � � � � � � �
%� $XPHQWDWL�ULVSHWWR�DO�Bifidobacterium� � � � � �
&� ,UULOHYDQWL�ULVSHWWR�DOOD�FUHVFLWD�WXPRUDOH� � �� � � �
'� '¶LPPXQRVRSUHVVLRQH�QHOO¶DQLPDOH�RVSLWH� � � � � �
�
30. Le cellule T regolatorie, in questo studio, hanno dimostrato… 

$� 'L�JLRFDUH�XQ�UXROR�IRQGDPHQWDOH�QHOOD�ULVSRVWD�D�YDULD]LRQL�GHO�� �
0LFURELRWD�ULVSHWWR�DO�FRQWUROOR�GHO�WXPRUH � � � � �

%� 'L�QRQ�JLRFDUH�XQ�UXROR�IRQGDPHQWDOH�QHOOD�ULVSRVWD�D�YDULD]LRQL�GHO�� �
PLFURELRWD�ULVSHWWR�DO�FRQWUROOR�GHO�WXPRUH� � � � � �

&� 'L�PRGXODUH�OD�ULVSRVWD�&'����IRQGDPHQWDOH�SHU�LO�FRQWUROOR�GHO�WXPRUH�� �
'� 1HVVXQD�ULVSRVWD�q�FRUUHWWD� � � � � � � �




