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Colorectal cancer (CRC) is a common 
cancer with a high mortality rate. While 
the 5 year survival rate for metastatic CRC 
patients is only 11%,1 this has improved 
with the introduction of new targeted ther-
apies including bevacizumab (Avastin), a 
humanized monoclonal antibody target-
ing the vascular endothelial growth factor 
(VEGF). However, a response rate of 50% 
or less has been reported, and currently 
there are no biomarkers that can predict 
the response to bevacizumab.2

Dendritic cells (DCs) are professional 
antigen-presenting cells capable of acti-
vating naive T cells. DCs are present 
in tissues in an immature state and can 
undergo a functional maturation pro-
cess in response to inflammatory media-
tors such as Toll-like receptor (TLR) 
agonists. Increased expression of several 
cell surface markers, including CD54, 
CD80, CD86, CD83 and HLA-DR, on 
DCs is associated with DC maturation 
and T-cell activation.3 DCs that secrete 
high levels of biologically active interleu-
kin-12 (IL-12p70) induce optimal antitu-
mor immunity, as they have an increased 
capacity to enhance natural killer (NK) 
cell activity, skew the immune response to 
a Th1 profile and prime tumor antigen-
specific CD8+ T cells.4,5 DCs also express 
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CD1d, which presents lipid antigens 
and specifically activates natural killer T 
(NKT) cells, including invariant NKT 
(iNKT) cells.6

In our study,7 we wished to determine 
if DC infiltration into the tumor tissue of 
CRC patients receiving bevacizumab cor-
relates with patient survival. We found 
significantly increased numbers of CD11c+ 
cells in tumor lesions and in the adjacent 
tissues, as compared with age-matched 
healthy control tissue (85 CRC patients; 
23 healthy controls). However, there was 
no significant difference in the infiltration 
of DCs in the tumor tissues and the adja-
cent normal tissues of CRC patients. This 
may indicate that even though the adja-
cent tissue appears histologically normal, 
there may be a genomic instability field 
effect that can influence the response of 
cells to damage signals.8 We also found 
that the presence of CD11c+ cells in the 
tumor did not correlate with survival of 
CRC patients that received bevacizumab 
treatment. While activated DCs are 
known to promote immunity, immature 
DCs induce tolerance. Therefore, the 
maturation status of DCs may be more 
important for the activation of a therapeu-
tic immune response than the number of 
tumor-infiltrating DCs.

We previously demonstrated that the 
tumor microenvironment can suppress 
DC maturation and IL-12p70 secretion 
in response to lipopolysaccharide (LPS).9 
We therefore tested whether the immu-
nosuppressive activity of tumors would 
have any influence on the response to 
bevacizumab or patient survival. To this 
aim, we measured the degree of suppres-
sion by tumor-conditioned media (TCM) 
on LPS-induced DC activation, in the 
absence or presence of bevacizumab.

Conditioned media were prepared 
by culturing ex vivo tumor tissues from 
22 patients in the absence (TCM) or in 
presence of bevacizumab (bevacizumab-
conditioned media, BCM) for 72 h. 
Monocyte-derived DCs were subse-
quently cultured in the presence of TCM 
and BCM. We showed that both TCM 
and BCM significantly inhibit the LPS-
induced expression of several matura-
tion markers, including CD80, CD86, 
HLA-DR, CD83, CD54 and CD1d. In 
addition, TCM and BCM significantly 
induced the production of IL-10 while 
reducing that of IL-12p70. These results 
point to a DC phenotype associated with 
immune tolerance. We observed no sig-
nificant difference between the effect of 
TCM and BCM on DC maturation and 

We demonstrated that dendritic cell (DC) inhibition by tumor-conditioned media in the presence or absence of 
bevacizumab correlates with colorectal cancer patient survival. Monitoring the influence of the tumor microenvironment 
on infiltrating immune cells may offer an avenue for the discovery of biomarkers to guide the use of bevacizumab.
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cytokine secretion. We have previously 
shown that the neutralisation of VEGF in 
the TCM did not reverse its immunosup-
pressive effect.9 This implies that VEGF is 
not the main immunosuppressive compo-
nent of TCM. Furthermore, the fact that 
BCM (in which VEGF levels are reduced 
due to the presence of bevacizumab) do 
not significantly differ from TCM with 
regards to their effects on DCs indicates 
that other immunosuppressive factors 
secreted by the tumor are not altered by 
bevacizumab.

Interestingly, we found that the ability 
of the tumor microenvironment to sup-
press DC maturation correlates with clini-
cal outcome. Specifically, we demonstrated 
that inhibition of the LPS-induced expres-
sion of CD1d and CD83 by TCM and the 
inhibition of CD1d, CD83 and IL-12p70 
by BCM (Fig. 1) significantly correlates 
with the survival of CRC patients receiv-
ing bevacizumab. In particular: patients 
with high levels of immunosuppression 
had poorer prognosis than patients with 
low levels of immunosuppression.

CD1d is expressed by DCs and pres-
ents lipid antigens to NKT and iNKT 
cells. Our data suggests that, in addition 
to DCs, NKT and iNKT cells may play 
an important role in the immune response 
to CRC and survival following bevaci-
zumab treatment. We have also shown 
that patients whose TCM did not effec-
tively suppress the expression of CD83 by 
DCs exposed to LPS have a better prog-
nosis compared with patients with robust 
CD83 inhibition. As CD83 is expressed 
by mature DCs, our data confirms the 
importance of DC maturation for func-
tional immunity against colorectal 
tumors. Finally, we have shown that the 
inhibition of IL-12p70 secretion by BCM 
inversely correlates with patient survival. 
IL-12p70 is a pro-inflammatory cytokine 
that is vital for the induction of antitumor 
Th1 responses. Our data suggests that 
IL-12p70 secretion from DCs is impor-
tant for the survival of metastatic CRC 
patients on bevacizumab treatment.

In summary, we have shown that TCM 
and BCM inhibit the LPS-induced matu-
ration and functional activation of DCs. 
However, there was no significant dif-
ference between TCM and BCM, which 
indicates that factors secreted by the 

Figure 1. Inhibition of LPS-induced CD1d, CD83 and IL-12p70 secretion by DCs treated with BCM 
correlates with colorectal cancer patient survival. Monocyte derived dendritic cells (DCs) were 
treated with bevacizumab-conditioned media (BCM) for 4 h before lipopolysaccharide (LPS) was 
added for additional 18 h. Inhibition of CD1d (A), CD83 (B) and IL-12p70 (C) by BCM correlated 
with poor survival of colorectal cancer patients. Kaplan-Meier curves of high vs. low inhibition 
are shown. Statistical significance was calculated using the Cox proportional hazards model. 
(Adapted from Michielsen et al.7).
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tumor other than VEGF are capable of 
modulating DCs in situ. Importantly, the 
inhibition of LPS-induced upregulation of 
CD1d and CD83 expression by TCM and 
CD1d, CD83 and IL-12p70 expression/

secretion by BCM significantly corre-
lated with poor clinical outcomes in CRC 
patients receiving bevacizumab. Overall, 
our study shows that a deeper under-
standing of the tumor microenvironment 

and the interaction between the cancer 
cells and infiltrating immune cells may 
potentially yield not only new prognostic/
predictive biomarkers but also new thera-
peutic targets for the battle against CRC.

References
1.	 Siegel R, Desantis C, Virgo K, Stein K, Mariotto A, 

Smith T, et al. Cancer treatment and survivorship 
statistics, 2012. [n/a-n/a.]. CA Cancer J Clin 2012; 
•••:2012; PMID:22700443.

2.	 Labianca R, Beretta GD, Kildani B, Milesi L, Merlin 
F, Mosconi S, et al. Colon cancer. Crit Rev Oncol 
Hematol 2010; 74:106-33; PMID:20138539; http://
dx.doi.org/10.1016/j.critrevonc.2010.01.010.

3.	 Michielsen AJ, O’Sullivan JN, Ryan EJ. Recent 
Advances in the Development of Novel Therapeutics 
Targeting Dendritic Cells. Recent Pat Endocr Metab 
Immune Drug Discov 2010; 4:146-52; http://dx.doi.
org/10.2174/187221410791196650.

4.	 Minkis K, Kavanagh DG, Alter G, Bogunovic D, 
O’Neill D, Adams S, et al. Type 2 Bias of T cells 
expanded from the blood of melanoma patients 
switched to type 1 by IL-12p70 mRNA-transfect-
ed dendritic cells. Cancer Res 2008; 68:9441-50; 
PMID:19010919; http://dx.doi.org/10.1158/0008-
5472.CAN-08-0900.

5.	 Xu S, Koski GK, Faries M, Bedrosian I, Mick R, 
Maeurer M, et al. Rapid high efficiency sensitization 
of CD8+ T cells to tumor antigens by dendritic cells 
leads to enhanced functional avidity and direct tumor 
recognition through an IL-12-dependent mechanism. J 
Immunol 2003; 171:2251-61; PMID:12928369.

6.	 Godfrey DI, Stankovic S, Baxter AG. Raising the 
NKT cell family. Nat Immunol 2010; 11:197-206; 
PMID:20139988; http://dx.doi.org/10.1038/ni.1841.

7.	 Michielsen AJ, Noonan S, Martin P, Tosetto M, Marry 
J, Biniecka M, et al. Inhibition of dendritic cell matu-
ration by the tumour microenvironment correlates 
with the survival of colorectal cancer patients follow-
ing Bevacizumab treatment. Mol Cancer Ther 2012; 
PMID:22675042; http://dx.doi.org/10.1158/1535-
7163.MCT-12-0162.

8.	 O’Sullivan JN, Bronner MP, Brentnall TA, Finley JC, 
Shen WT, Emerson S, et al. Chromosomal instability 
in ulcerative colitis is related to telomere shortening. 
Nat Genet 2002; 32:280-4; PMID:12355086; http://
dx.doi.org/10.1038/ng989.

9.	 Michielsen AJ, Hogan AE, Marry J, Tosetto M, Cox 
F, Hyland JM, et al. Tumour tissue microenvironment 
can inhibit dendritic cell maturation in colorectal 
cancer. PLoS One 2011; 6:e27944; PMID:22125641; 
http://dx.doi.org/10.1371/journal.pone.0027944.


