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It is estimated that about 20% of 
all human cancer deaths occur in 

the context of infection and 
inflammation

What mechanisms link the two?                           
Is there a general role for 

inflammation in cancers that are 
not linked to infections or chronic 

inflammatory disease?



Most common infection linked 
cancers include:                               

gastric cancer-H.pylori;                                           
HCC-HBV,HCV;                     

hepatobiliary cancer-liver 
fluke;nasopharingial carcinoma-

EBV;cervical cancer-HPV



Inflammation is the Dark Side
of Innate Immunity

Thus, it is difficult to Inhibit inflammation without
compromising innate immunity

InflammationInnate
Immunity



The selective pressure to 
maintain effective innate 

immunity is much stronger           
than the one that keeps                 

cancer burden low

Think: young vs old
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In solid tumors (carcinomas) NF-kB
is most commonly activated by 

extrinsic factors but in lymphoid 
malignancies activation of NF-kB is 

the result of oncogenic mutations

An excellent  example is               
Multiple Myeloma
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Fig. 5 Activation of alternative NF- kkkkB signaling by CD40



TRAF2 and TRAF3 are involved in NIK turnover 
and NF-kkkkB2/p100 processing
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Mutations in NIK that prevent 
TRAF3 binding , loss of TRAF3 or 

TRAF2 –all result in NIK 
stabilization and constitutive 

activation of both                               
NF-kB pathways.                                             

This is critical for survival of 
Multiple Meylomas



Ulcerative Colitis is an IBD that 
increases the risk of sporadic 

colorectal cancer by approximately 
1% per year.  It is a classical 
inflammation-linked cancer



Activation of NFActivation of NF--kkkkkkkkBB promotes tumor growth in promotes tumor growth in 
different cell types through distinct target genes different cell types through distinct target genes 
((GretenGreten et al.,CELL 2004)et al.,CELL 2004)
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STAT3 in intestinal epithelial cells plays an impor tant
cytoprotective role and is pro-tumorigenic
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Role of IL-12/IL-23 in chronic inflammation and col itis 
associated cancer

75

80

85

90

95

100

105

W
T

 

IL
-1

2p
40

bo
dy

w
ei

gh
t, 

%

p =0.008

W
T

 

IL
-1

2p
40

1st DSS cycle 2nd DSS cycle

DSS induced colitis
0

5

10

15

20

25

W
T

IL
-1

2p
40

 K
O

tu
m

or
 # P=0.0017

WTIL-12p40 KO

Colitis associated cancer Colitis associated cancer



CTL

IL-12

Th17

?

IL-23

Cancer 
Cell

DC or M ffff

p40 + p35 = IL-12
p40 + p19 = IL-23

Langowski et al. Nature 442: 461 (2006).



Inactivation of IL-23p19 which is mainly expressed i n infiltrating cells
development development which is mainly expressed  in inf iltrating cells

or depletion of lymphocytes also decreases CAC develo pment
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These papers suggest that metastatic cancer cells somehow mobilize and activate hematopoetic
progenitors and mesenchymal stem cells involved in inflammation, vascular remodeling and 
wound healing. The mobilization and activation of such cells is of functional importance.

HOW DO METASTATIC CELLS INFLUENCE THESE 
OTHER CELL TYPES?



Cancer Cells Produce Factors that 
Trigger Localized Inflammation and 

Enhance Metastasis



B

Metastatic carcinoma cells produce soluble factors that induce 
macrophage production of TNF- aaaa which is required for lung metastasis
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The LLC-secreted factor activates TLR2 to mediate l ung inflammation

A B

Mip1a/Ccl3 Mip1b/Ccl4

0
0.5

1
1.5

2
2.5

R
el

at
iv

e 
fo

ld
 in

du
ct

io
n

5     9    13     21  

**

0
1
2
3
4
5
6
7

5      9      13     21  

Days after LLC inoculation

* **

Mip2/Cxcl2 Kc/Cxcl1

0

4

8

12

16

5     9      13     21  

* *

0

1

2

3

4

5     9     13     21  

**

Days after LLC inoculation

*

Tnf-a

0
0.5

1
1.5

2
2.5

R
el

at
iv

e 
fo

ld
 in

du
ct

io
n 

5      9    13    21  

Il-1b

0
1
2
3
4
5

Il-6

0

1

2

3

5      9    13     21  5      9     13    21  

*
*

*
*

*

(*�90.05; **�90.005)

WT

Tlr2-/-

C

P-p38

p38

P-ERK

LCM    - +   +   - - +   +   -
LPS     - - - +   - - - +    

WT     Tlr2-/-

ERK

Min.    0  30 60 30  0  30 60 30    

P-IKKa/b

HSP90

IkBa

LCM    - +   +    +   - +    +   +
Min.    0 10  30  60  0  10  30  60

M
yd

88
-/

-

0

20

40

60

80

100

W
T

Lp
s2

T
lr2

-/
-

T
lr3

-/
-

T
lr9

-/
-

T
lr4

-/
-

- SFM

+ LCM

R
el

at
iv

e 
IL

-6
 p

ro
du

ct
io

n 
(%

) 

- + - + - + - + - + - + - +



WT LUNG

Mouse #1

Mouse #2

Tlr2-/- LUNG

DsRed-LLC

DsRed-LLC

FITC-CD11b

FITC-CD11c

FITC-CD11b

FITC-CD11c

DsRed-LLC

DsRed-LLC

WT

WT

Tlr2-/-

Tlr2-/-

D

30 40 50 60 70 80
0

20

40

60

80

100

WT/WT (6)
WT/Tlr2-/- (6)

Days after LLC inoculation

(p=0.0316)

S
ur

vi
va

l (
%

)

B

TLR2 is required for formation of micrometastatic le sions and metastatic growth

A

C

WT (8)

Tlr2-/- (10)

20 25 30 35 40 45
0

20

40

60

80

100

Days after LLC inoculation

(p=0.0154)

S
ur

vi
va

l (
%

)

(15�s2.2)

(4.2�s2.4)

Tumor #



Purification of TLR2 activators from LCM 
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-Versican is a chondroitin sulfate 
containing proteoglycan that binds 

hyaluronicacid                                       
–Fragments of HA,which normally 

exists as a large polymer can stimulate 
or inhibit metastasis based on their 
size.   They can also activate TLR2 

and 4 and so can do biglycan,an ECM 
component related to versican.                                              
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Versican and HA are highly 
upregulated

in metastaticlung cancer                                                    
and other aggressive and 
inflammatory cancers,                 
such as ovarian cancer                         
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Versican secreted by metastatic cancer cells activate s 
TLR2 on host macrophages to stimulate the productio n 
of TNF-aaaa, which enhances metastasis.
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Similar interactions between 
malignant cells and their neighbors 

in the bone marrow and lymph nodes 
could be critical in various lymphoid 
and                 myeloid malignancies


