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“The immunologic outcome of liver transplantations tells us that this organ is 
somehow specialized as a tolerogenic organ under steady state conditions.”
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The liver, liver metastasis and liver cancer: a special 
case for immunotherapy with cytokines and 
immunostimulatory monoclonal antibodies

The liver as a secondary 
lymphoid organ
The liver is placed between the gut and sys‑
temic circulation. One of its many functions is 
to defend the organism from major portal entry 
of bacteria and viruses and to avoid the entry 
and free circulation of endotoxins [1]. Specialized 
liver macrophages, Kupffer cells, lining in the 
lumen of the peculiar liver capillaries, termed 
sinusoids, account for the most part of these 
functions. For reasons not entirely understood, 
the liver contains a high density of NK cells 
in comparison with other organs. NK T cells 
with invariant T‑cell receptors are also very 
abundant in this organ under healthy condi‑
tions [2,3]. Such large granular lymphocytes are 
termed ‘pit cells’ at this location [4]. The liver 
also contains APCs of different kinds, including 
conventional dendritic cells (DCs) and plasma‑
cytoid DCs. Importantly for tumor immunol‑
ogy, CD8a DCs specialized in priming and 
tolerizing CD8 T cells are present in the liver 
[5]. Lymph drainage from the liver is canalized 
by a virtual space between the hepatocytes and 
the fenestrated capillaries (Disse’s space) and 
drains along portal tracts toward lymph nodes 
at the liver hilum.

“The liver’s immune system is held in a 
baseline state of active tolerance, which can 

be reversed by sufficiently strong 
pathogen-specific signals.”

The immunologic outcome of liver transplan‑
tations tells us that this organ is somehow spe‑
cialized as a tolerogenic organ under steady state 
conditions. Its functions are presumably more 
related to immunological silence than to immu‑
nological response. It is, for example, important 
to consider that rejection of kidney allografts 

is less intense and frequent when the liver is 
concomitantly transplanted. Although not com‑
pletely clarified, this is attributed to the fact that 
liver APCs create bone marrow microchimerism 
and tolerize against histocompatibility antigens 
[6]. Therefore, successful liver engraftment 
requires less immunosuppression than other 
organs [7]. Nonetheless, immune responses 
can be primed in the liver. As Nicholas Crispe 
points out, “The liver’s immune system is held 
in a baseline state of active tolerance, which 
can be reversed by sufficiently strong pathogen-
specific signals” [1]. Local IL‑10 production by 
macrophages and continuous desensitization of 
microbial sensing receptors are believed to play 
a major role in the immunosuppressive envi‑
ronment of the healthy liver. However, this can 
be overruled in many pathological conditions 
that provide the most conspicuous examples of 
chronic inflammatory infiltrates. In this regard, 
NK and NK T cells probably play a crucial early 
role in mounting responses to microbial insults 
when sensing alarm signals denoting microbial 
presence or stressful cell death.

It should be kept in mind that the normal 
immune behavior of the liver is profoundly dis‑
rupted in cirrhosis and chronic hepatic inflam‑
mation. Blood circulation and lymph drainage 
change, and the subpopulations of immune sys‑
tem cells completely differ to what is observed 
at steady state. To understand malignancy and 
the liver we should realize that: primary liver 
cancer most often originates from cirrhotic 
liver, while a liver metastasis typically nests in 
a healthy organ. In the first case the tumor is 
benefiting from inflammatory factors that drive 
transformation and cancer promotion [8], while 
in the second case it is benefiting from the local 
immunosuppressive mechanisms that secure 
immune escape.
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IL-12 in the treatment of primary 
liver cancer & colorectal cancer 
metastasis
Increasing evidence suggests that immune 
responses are involved in the control of cancer 
and that the immune system can be manipulated 
in different ways to recognize and fight against 
cancer cells [9]. However, in the liver, the presence 
of chronic HCV or HBV infection may limit 
the success of immunotherapy in patients with 
hepatocellular carcinoma (HCC) because these 
viruses have been found to be able to negatively 
modulate the host immune response. Although 
there is a limited clinical experience regarding 
the use of immunotherapy in liver cancer con‑
trary to more classical immunogenic tumors, an 
important amount of information regarding the 
use of IL‑12 for liver cancer therapy has been 
accumulated in recent years.

“IL‑12 is a multifunctional cytokine, perhaps 
one of the most potent, which displays 

anti-tumor activity in a number of 
experimental models.”

IL‑12 is a multifunctional cytokine, perhaps 
one of the most potent, which displays anti-
tumor activity in a number of experimental mod‑
els. It can induce activation of NK cells, cytotoxic 
T lymphocytes and the induction of a Th1 type 
of response [10,11]. It also inhibits tumor angio
genesis and enhances the expression of adhesion 
molecules on vascular endothelium [11], acting 
mainly via downstream IFN‑g. Unfortunately, 
IL‑12 was demonstrated to be unacceptably 
toxic in humans when systemically administered 
as a recombinant protein; however, using gene 
therapy strategies it has been possible to induce 
efficacious immunity with limited toxicity [12]. 
Therefore, gene therapy approaches significantly 
increased cytokine expression in the liver without 
excessive systemic levels of the cytokine [13]. In 
Phase I clinical studies carried out in advanced 
gastrointestinal patients, including HCC, 
short-term IL‑12 expression using first genera‑
tion recombinant adenoviruses demonstrated 
the proof-of-concept that tumoral/peritumoral 
production of IL‑12 stimulated tumor infiltra‑
tion by effector immune cells, followed by an 
objective tumor response in a minority of patients 
[14]. More recently, advances in the application of 
long-term expression vectors for IL‑12 delivery or 
the use of conditioned replicative viruses express‑
ing IL‑12 seems to provide new clues for the ther‑
apeutic benefit of IL‑12 [15]. We have observed 
several limitations for the use of IL‑12-based 

gene therapy protocols. For example, biologically 
active IL‑12 can transiently reduce the activity of 
its promoter, particularly inhibiting the function 
of drug-inducible systems in nonintegrative DNA 
vectors, an effect probably mediated by IFN-g 
[15]. Another therapeutic limitation associated 
with the use of IL‑12-based gene therapy was the 
activation of immunosuppressive mechanisms 
such as the induction of Foxp3+ regulatory T cells 
and immunosuppressive molecules (e.g., PD‑1, 
PD-L1, VEGF, CTLA‑4, IDO) [16].

An emerging role of IL‑15 for the 
treatment of tumors nesting in 
the liver?
IL‑15 is a cytokine that increases CD8 and 
NK  cells, both in numbers and activity [17]. 
A Phase  I clinical trial using recombinant 
IL‑15 includes an escalation dose of rhIL15 in 
patients with melanoma, renal and colon can‑
cer (NCT01021059) and preliminary results 
from the first-in-human clinical trial suggest 
that bolus infusion showed unexpected signs 
of acute toxicity at low doses, including severe 
hypotension and high fever; continuous infusion 
may be a way to overcome this problem.

IL‑15 is a cytokine that physiologically acts 
as a co-stimulatory molecule. Experimental evi‑
dence supports that instead of being a soluble 
factor this cytokine acts tethered to the IL‑15Ra 
chain on one cell triggering the signal transla‑
tion machinery of IL‑2Rbg on a juxtaposed cell. 
This is termed transpresentation of IL‑15 [18]. 
We have recently used gene transfer to the liver 
of the cytokine complexed to a soluble transpre‑
senting IL‑15Ra form. The strategy renders the 
local proliferation and activation of CD8 and 
NK lymphocytes with effects against syngeneic 
mouse colon cancer (MC38) grafted to the liver 
[Ochoa MC et al. Immunotherapeutic and toxic effects 

of a triple fusion protein encompassing apolipoprotein 

A-I, interleukin-15 and the interleukin-15 receptor-α 

sushi domain (2012), Submitted]. Fusion protein strat‑
egies to improve the pharmacokinetics of this 
cytokine are in progress and are being tested in 
models of liver cancer.

Immunostimulatory monoclonal 
antibodies
The ability to manipulate at will the immune 
response against cancer would be absolutely 
thrilling. A step forward is to engineer agonist 
and antagonist molecular tools that would act 
on receptors of cells of the immune system or on 
the cytokines that they use to communicate with 
each other. Fully human monoclonal antibodies 
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(mAbs) are ideally suited to perform these 
pharmacological agonist or antagonist func‑
tions both from a pharmacokinetic and pharma‑
codynamic point of view [19]. Two major kinds 
of immunostimulatory mAb are under clinical 
development: blockers of inhibitory receptors 
and agonists of costimulatory receptors [19,20]. 
Of the first kind, anti-CTLA‑4 and anti-PD‑1 
mAbs are the most advanced in clinical devel‑
opment. Ipilimumab has been approved for the 
treatment of metastatic melanoma [21,22] and 
antibodies directed to PD‑1 and its ligand PD-L1 
have demonstrated extremely promising clinical 
activity for melanoma, renal cell carcinoma and 
lung cancer [23,24]. Liver tumors are not excep‑
tion and are also amenable to treatment by these 
agents. There are plenty of reported cases with 
liver metastasis of melanoma showing evidence 
for complete and partial responses to ipilim‑
umab [25] and to tremelimumab (a second anti-
CTLA‑4 mAb under development) [26]. These 
cases make the proof-of-concept that the liver is 
not a sanctuary for these immune-potentiating 
treatments.

“There are plenty of reported cases with liver 
metastasis of melanoma showing evidence 

for complete and partial responses to 
ipilimumab ... and to tremelimumab...”

In the case of tremelimumab, a clinical trial 
has been conducted in patients with HCC and 
hepatitis C showing three partial responses out 
of 17 evaluated patients according to RECIST 
criteria and important decreases in HCV vire‑
mia [Sangro B et al. A clinical trial of CTLA-4 blockade 

with tremelimumab in patients with hepatocellular 

carcinoma and chronic hepatitis C (2012), Submitted].
In the case of the anti-PD‑1 mAb, a clinical 

trial for HCC Phase I is planned. Again, there 
is abundant evidence for clinical activity against 
liver metastasis of melanoma, colorectal car‑
cinoma and renal cell carcinoma [27]. A major 
quest for predictive biomarkers for the response is 
ongoing, but it is important to know that surface 
expression of B7-H1 (PD-L1) on malignant cells 
seems to be a major although not the only predic‑
tor. A Phase I trial whose results have not been 
reported yet for patients with hepatitis C infec‑
tion with an anti-PD-L1 mAb has been com‑
pleted (NCT00703469) and this same antibody 
offers signs of clinical benefit against metastatic 
tumors in a multiple dose Phase I trial [24].

The main drawback of these new classes of 
agent is that they can cause inflammatory com‑
plications either as autoimmune conditions or 

inappropriate responses to the flora in the skin 
or the gut. Serious adverse events of this kind 
have been recorded. Ulcerative colitis outstands 
in the case of CTLA‑4 blockade and severe pneu‑
monitis in a small fraction of patients exposed to 
PD‑1 blockade [23]. In the case of ipilimumab, 
combined with dacarbazine a significant fraction 
of the patients showed signs of hepatitis whose 
nature is not well defined [22].

Other antibodies behave as agonists of co-
stimulatory receptors of the TNF receptor 
family. These include CD40, CD137 (4-1BB), 
CD134 (OX40), GITR and CD27. The first 
three have undergone clinical trials with signs of 
clinical activity [27,28]. CD40 and CD137 have 
been shown to elicit liver inflammation in mice 
with polyclonal T lymphocyte liver infiltrates. 
In clinical trials with anti-CD137 this has been 
a serious obstacle limiting doses [27]. However, in 
the case of liver tumors this could be considered 
a blessing or a curse because it may help to focus 
the response on the liver harboring malignancy. 
Unfortunately, this selective activity has not been 
observed in rodent models yet [29]. Liver tumors 
of metastatic or primary origin promise to be a 
principal battle field in the development of these 
promising sets of therapeutic antibodies, which 
act as activation tools of the immune response 
against cancer.

Combinatorial immunotherapy 
& liver cancer
The effectiveness of the immunotherapeutic 
approaches described above is deeply hampered 
by the tumor’s hostile repertoire that suppresses 
the effector immune response [30]. Seeking 
combinatorial treatment approaches, involving 
more than one agent, that would be synergistic 
against cancer, it was possible to increase the 
efficacy of immunotherapy by combining differ‑
ent procedures, such as chemotherapy, transar‑
terial embolization, anti-angiogenic molecules, 
immunostimulatory mAbs, DC vaccination 
and other immunotherapy approaches. Some of 
these combinations demonstrated a synergistic 
rather than an additive effect in terms of anti-
tumoral response. For example, elimination 
or inhibition of Treg and/or myeloid-derived 
supressor cells activity by low-dose cyclophos‑
phamide (single-dose or metronomic schedule), 
gemcitabine or 5-fluorouracil may modify tumor 
immunosuppressive microenvironment, thereby 
increasing the efficacy of immunotherapy [31–33]. 
Although the mechanisms of action of chemo‑
therapeutic agents are not fully understood, it 
has been recently demonstrated that autophagy is 
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necessary to generate an immunogenic cell death 
and an optimal anti-tumoral effect [34]. It was 
recently reported in an orthotopic HCC model 
in mice that sunitinib, which failed to induce 
anti-tumoral response as monotherapy in the 
clinic, combined with adoptive transfer of tumor 
antigen-specific CD8+ T cells led to elimination 
of established tumors, a response associated with 
suppression of STAT3 and a block in T-cell tol‑
erance [35]. In another model established in mice 
using H22 cells, Ma et  al. demonstrated the 
synergistic activity of the combination between 
B7H3- and vasostatin-expressing plasmids after 
intratumoral injection [36]. Anti-tumoral response 
was associated with enhanced infiltration of 
NK cells, activated CD8+ T cells and inhibited 
tumor angiogenesis. Huang et al. assessed a com‑
bined anti-angiogenic therapy with immunother‑
apy using adenoviruses encoding PEDF, endo
statin and cytokines (GM-CSF and IL‑12), in a 
woodchucks with HCC; suffering from a large 
and multifocal model that closely replicates the 
human condition [37]. Vectors were administered 
via the hepatic artery and resulted in a potent anti-
tumoral effect by inducing a significant CD3+ T 
and NK cell infiltration.

Conclusion & future perspective
If immunotherapy of cancer were a car we should 
do the following: releasing the brakes (tamper 
with inhibitory receptors of the immune system) 
and pressing the accelerators (locally provided 

cytokines or immunostimulatory mAbs). To 
ignite the engine by priming against tumor 
antigens will be also needed and this can be 
achieved by making a tumor look like a vac‑
cine or with active vaccination for identified 
tumor antigens. To make a tumor look like a 
vaccine, local destruction of tumor cells under 
proinflammatory conditions seems appropriate.

In mouse models, Smyth et al. have pioneered 
combinations of new targeted immunotherapies 
with excellent results using various immuno
stimulatory mAbs used in conjunction [38], find‑
ings that have been also reported by other inves‑
tigators [39], including liver metastasis examples. 
Testing early in development of combinatorial 
strategies poses regulatory, legal and business 
obstacles [40]. However, such ‘artificial’ hurdles 
need to be overcome because excellent efficacy 
is predicted both by preclinical models and early 
clinical trials. Malignant diseases arising from the 
liver or nesting this organ should be no exception.
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