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SECTION I_Open Questions

Question 1_(6 Points):
To mount immediate defense against pathogen, innate immune cells are equipped with so-
called Pattern Recognition Receptors (PRRs). Give 3 examples of microbial substances 
recognized and name the receptors for these substances?

Question 2_(4 Points):
Phagocytosis is a critical mechanism through which pathogens are eliminated. Give examples 
of a phagocytic cell type and explain how this cell type ingests and kills microbes!



Question 3_(4.5 points):
Epithelial surfaces bear potent antimicrobial functions. Enlist three examples on mechanisms 
involved in this function of epithelial surfaces!

Question 4_(4 points):
Briefly explain based on the scheme below how T cells and B cells are guided to their specific 
location within lymphnodes at stead-state (that is in the absence of an infection)! What 
molecules play a role during this process?
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9.3 - Action of chemokines on T and B cells distribution in 
secondary lymphoid organs
a) T cells 

Chemokine CCL21 binds to chemokine receptor CCR7 on T cells 

b) B cells 
CCR7 expression ➔ go to LNs via HEV 
Constitutive expression of chemokine receptor CXCR5 that binds chemokine 
CXCL13 (most likely produced by FDCs) ➔ directs them to follicles  

TFH cells also express CXCR5!

Produced by two sources: 
‣ Stromal cells in T cell zone 
‣ Interdigitating DC (also produce chemokine CCL19)



Question 5_(3 points):
Dendritic cells are key in priming naive T cells. What key signals are necessary to prime T 
cells?(Short answer)

Question 6_(8 points):
Regulatory T (Tregs) cells are important to control and balance immune response. Explain two 
mechanisms on how Tregs can be induced! How do regulatory T cells dampen immune 
responses?



Question 7_(6 points):
Activation of B cells by T cells follows a concept referred to “linked” recognition. Briefly explain 
the basis for this concept! How is “linked” recognition applied in vaccine design?

Question 8_(6 points):
Draw a schematic of an IgG antibody and name the major parts. What regions of antibody 
molecules are involved in the functions of antibodies? Indicate in your drawing the localisation 
of the CDRs!
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4.2 - Constant and variable regions of heavy and light 
chains

Each chains (H + L) composed of protein domains similar in their 
structure 

Light chain: 2 domains 

Heavy chain: 4 domains

N-terminal of both highly variable ➔ V region 
Remaining chains ➔ C region



SECTION II_Multiple Choice Questions_(2 points per question)

Multiple Choice 1_ The Complement System
Indicate which of the following statement(s) is/are TRUE!
a) The complement system is a composition of several soluble proteins
b) An important effector function of the complement system is to trigger an inflammatory 

response
c) There are 2 major pathways of complement activation
d) Complement can enhance the phagocytosis of bacteria
e) Deficiency in factors of the complement system increases resistance to bacterial infection

Multiple Choice 2_Cytotoxic T cell-triggered apoptosis
What is NOT considered as a hallmark of apoptosis:

(a) Membrane blebbing
(b) Activation of caspase proteins
(c) Fragmentation of DNA
(d) Formation of membrane pores

Multiple Choice 3_Effector T cells
What of the following assignments is NOT correct?
a) TH1 cells - IFN-ɣ
b) TH2 cells - IL-4
c) TH2 cells - IFN-ɑ
d) TH17 cells - IL-22
e) TReg2 cells - IL-10

Multiple Choice 4_ Antibodies (AB)
Indicate which of the following statement(s) is/are TRUE!
a) The affinity and avidity of an AB is always identical 
b) AB can bind to pathogens and prevent them from infecting cells
c) AB can mark pathogens and enhance phagocytosis
d) IgM AB is the isotype most abundant in the serum of humans
e) AB are produced by plasma cells and plasmablasts

Multiple Choice 5_Initiation of humoral responses by B cells
What of the following statements is NOT correct?
a) Naive B cells do not require co-stimulatory signals
b) Protein AGs are considered to dependent on T cell help
c) Polysaccharide AGs can induce B cell activation in the absence of T cell help
d) An important co-stimulatory signals is CD40L expressed by T cells

Multiple Choice 6_AG presentation
What of the following statements is NOT correct?
a) MHC class II molecules present peptides that are generated by macophages and DCs
b) Cross-presentation is the presentation of endogenous AGs by MHC class I molecules
c) MHC class I molecules are found on almost all cell types
d) MHC class II molecules are blocked by Clip so to prevent binding of endogenous AGs in 

the endoplasmic reticulum 



SECTION III_Analysis and interpretation of primary research findings

Type I interferons (IFNs) are crucial cytokines in host defense against viral infection. Multiple 
mechanisms have been identified through which type I IFNs promote host resistance and block 
viral replication. The following model and figure is extracted from a a preview and a paper, 
which described a new function on how type I IFNs promotes antiviral T cell immunity. Briefly, it 
is shown that type I IFNs act on T cells to trigger the expression of inhibitory NK-cell-receptor 
ligands. Consequently, T cells are more resistant to NK-cell mediated killing and, thus, it is 
concluded that type I IFNs protect T cells against regulatory NK cell function.

further confirmed the requirement of this
activatory receptor for T cell culling. NK
cells can react to target cells that are
missing self MHC class I molecules and
type I IFN regulates the expression of
these complexes. Xu et al. demonstrated
that type I IFN causes activated CD8+

T cells to upregulate several MHC class I
molecules, including Qa-1b, a nonclas-
sical class I molecule that serves as the
ligand for the CD94-NKG2A NK cell inhib-
itory receptor. Taken together, these find-
ings imply that type I IFN increases
the amounts of protective MHC mole-
cules and reduces expression of activa-

tory NK cell ligands by the responding
T cells, reducing their likelihood of being
targeted by NK cells.
These new articles now establish a link

between type I IFN signaling and the
resistance of activated T cells to depletion
by NK cells. This possibly serves as a
mechanism for the removal of T cells
that have become activated in the
absence of type I IFN, providing a check-
point to halt possibly misprimed or auto-
immune responses. This strategy also en-
sures that the responding T cells are
available to fully participate if the type I
IFN warning sign is detected. Although

both studies offer exciting clues regarding
the panels of activatory and inhibitory in-
teractions that determine the life or death
of the T cell, the precise interactions and
ligands that direct this decision remain
unidentified. Moreover, although type I
IFN can license the responding T cells,
whether other infection-associated sig-
nals, such as IL-12 or IL-33, similarly func-
tion to confer resistance to NK cell killing
is also not yet defined. One of the most
impressive aspects of T cell responses is
their tremendous phenotypic diversity. It
will be intriguing to discover whether
type I IFN similarly protects all T cells
from attack or whether a particular subset
of activated cells receive preferential
treatment, are selected to survive, and
go on to dictate the immunological
outcome of the response.
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Figure 1. Type I IFN Signaling Protects Activated T Cells from NK-Cell-Mediated Death
Type I IFN signals to antigen-activated T cells reduce the expression of NK cell activatory ligands and el-
evates the levels of inhibitory ligands, rendering the responding T cell resistant to NK cell attack. Without
type I IFN signals, activated T cells can be targeted by perforin-dependent NK cell killing.
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et al., 2012). These data are accompanied by clinical findings
showing that in cohorts of HCV patients, expression of NK
cell inhibitory receptors correlates with virus control (Khakoo
et al., 2004; Knapp et al., 2010; Paladino et al., 2007). Con-
sistently, NK cell cytotoxicity can be detected in human HCV
patients when compared to healthy controls (Ahlenstiel et al.,
2010). Moreover, after treatment of HCV infected individuals
with IFN-I, NK cell cytotoxicity increases (Edlich et al., 2012).
However, the effectiveness of IFN-I therapy correlates positively
with NK cell cytotoxicity after IFN-I treatment (Edlich et al., 2012).
Furthermore, patients with enhanced NK cell cytotoxicity show
a sustained suppression of HCV during IFN-I treatment (Oliviero
et al., 2013). These data argue against an influence of regulatory
NK cell functions during HCV infection and rather indicate a
beneficial role of NK cells during HCV infection. However, the
role of regulatory factors, which can influence the interaction
between NK cells and T cells, remains still unclear.

Here we show that IFN-I can improve T cell immunity by
protecting antiviral T cells from regulatory NK cell functions.
IFN-I prevented rapid elimination of antiviral T cells during viral
infection in vivo. Microarray analyses uncovered that IFN-I
triggered expression of selective NK cell inhibiting ligands on T
cells. Consequently, NK-cell-deficient animals were able to
mount a functional antiviral T cell response—even in absence
of IFN-I signaling in these T cells. The regulatory effects of
NK cells were dependent on perforin expression in vitro and
in vivo.

RESULTS

IFN-I Deficiency Results in Elimination of Proliferating T
Cells In Vivo
IFN-I is a critical factor that triggers T cell immunity in vivo
(Aichele et al., 2006; Kolumam et al., 2005). However, when
negatively sorted T cells from wild-type (WT) and IFN-I recep-
tor-deficient (Ifnar1–/–) mice (Müller et al., 1994) were stimulated
with anti-CD3 in presence or absence of IFN-I, no difference was
detected in the proliferation rate of T cells (Figure 1A; see also
Figure S1A available online). When we transferred negatively
sorted CFSE-labeled T cells from a mouse carrying the trans-
genic TCR (P14) recognizing the lymphocytic choriomeningitis
virus (LCMV) peptide gp33 (Pircher et al., 1989) into WT animals
following infection with LCMV, we observed as expected, prolif-
eration of the transferredWT T cells (Figure 1B). In sharp contrast
to WT T cells, IFNAR-deficient virus-specific T cells were rapidly
eliminated after transfer into WT animals followed by infection
with LCMV WE (Figure 1B). Transfer of IFNAR-deficient cells
resulted in the absence of functional antiviral T cells during the
course of infection, whereas WT T cells were readily detectable
in infected animals (Figure 1C). Consequently, restimulation with
the virus-specific epitope gp33 induced cytokine production in
WT T cells, whereas there was almost no IFN-g production
detectable in Ifnar1–/– T cells (Figure 1D). The transferred
T cells were eliminated from their host after activation, but naive
T cells from both WT and IFNAR deficient animals were
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Figure 1. IFN-I Affects T Cell Immunity
In Vivo
(A) Negatively sorted CFSE labeled CD8+ T cells

from WT and IFNAR1-deficient animals were

stimulated for 24 hr (left panels), 48 hr (middle

panels), and 72 hr (right panels) with anti-CD3

antibody in presence or absence of IFN-4a

(50U/mL, one representative of n = 6 is shown).

(B) CD45.1+ animals were infected with 200 pfu

LCMV WE. 106 negatively sorted CFSE labeled

T cells from P14+ WT and Ifnar1–/– mice were

transferred into infected CD45.1+ mice 2 days

postinfection (p.i.). At day 4 p.i., CFSE expression

on T cells (left panel) and cell number of transferred

cells was analyzed (right panel, error bars show

SEM; n = 3, one of two independent experiments is

shown).

(C and D) Prior to infection, 105 negatively sorted

T cells from P14+ or P14+Ifnar1–/– animals

were transferred into CD45.1+ mice. (C) Gp33-

tetramer+CD8+CD45.2+ T cells were determined in

the blood (left panel) and in spleen tissue (right

panel) 8 days p.i. (percentage of CD8+ cells, error

bars show SEM; n = 5) (D) IFN-g+CD8+CD45.2+

cells were measured after restimulation with the

LCMV epitope gp33 8 days p.i. (percentage of

CD8+ cells, error bars show SEM; n = 5).

(E) We stimulated 2 3 106 negatively sorted CD8+

T cells fromWT and Ifnar1–/–mice in vitro with anti-

CD3 and anti-CD28 antibodies for 72 hr followed

by injection into CD45.1+ animals. Two days

following infection with 200 pfu of LCMV WE,

transferred T cells were measured in spleen tissue

(error bars show SEM; n = 3–4, one of two inde-

pendent experiments is shown).
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NK Cells Kill IFN-I Unresponsive T Cells
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P_Question 1_(6 points):
A critical role in antiviral immunity is taken over by type I IFNs. What cells produce type I IFNs 
upon viral infection? Give an example of a mechanism on how type I IFNs promote viral 
eradication!

P_Question 2_(3 points):
In Figure 1B the authors take advantage of T cells that recognize a specific viral LCMV peptide 
(P14 cells). They inject these antigen-specific T cells into mice after infection with LCMV (See 
illustration below). What happens to the T cells in case they do not express the type I IFN 
receptor?

WT mice

1) Infection with
LCMV

2) Transfer of T cells 
expressing a TCR 
specific for the LCMV 
peptide gp33 = P14 cells

3) Monitoring outcome of P14 cells



P_Question 3_(6 points):
In Figure 1C the authors attempt to measure the proliferation of antigen-specific T cells (P14 
cells). For this a tetramer-approach is used. Briefly, explain the concept of tetramer staining! 
How does the absence of type I IFNs influence the proliferation of AG-specific T cells?

P_Question 4_(2 points):
In Figure 1A it is shown that in vitro (!) there is no difference in the proliferation of T cells in the 
presence or absence of type I IFN signaling. However there is an observed difference in vivo. 
Generally, what could be a possible explanation for this discrepancy? Along these lines, what 
could be an important control experiment that should be done to conclude that absence of type 
I IFN on T cells blocks their proliferation upon AG encounter in vivo?



P_Question 5_(6 points):
The authors go on to show that type I IFNs up-regulate the expression of inhibitory NK-cell 
receptor ligands! What are inhibitory NK cells ligands? What is their mechanism of action? 
What is their biological significance?


