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ABSTRACT

Background & Aims: Vaccination with tumor-associated antigen- 
pulsed dendritic cells leads to speci2c T-cell response against hepato
cellular carcinoma. However, clinical response has been shown to be 
limited. High regulatory T-cell count is associated with poor prognosis 
and seems to mediate immune tolerance in hepatocellular carcinoma. 
Forkhead box P3-peptide inhibitor P60 has been shown to speci2cally 
inhibit regulatory T-cell function in murine models. Aim of this study 
was to investigate whether P60 can improve the immune response 
induced by vaccination with adenovirus-transduced dendritic cells 
expressing alpha-fetoprotein in subcutaneous and orthotopic murine 
models for hepatocellular carcinoma.
Methods: Mice developing subcutaneous or orthotopic HCC received 
daily treatment with P60 starting at di+erent tumor stages. 
Additionally, mice were vaccinated twice with dendritic cells expres
sing alpha-fetoprotein.
Results: In a preventive setting prior to tumor engraftment, vaccina
tion with alpha-fetoprotein-expressing dendritic cells signi2cantly 
decreased tumor growth in a subcutaneous model (p = .0256), but 
no further e+ects were achieved by addition of P60. However, P60 
enhanced the antitumoral e+ect of a vaccination with alpha- 
fetoprotein-expressing dendritic cells in established subcutaneous 
and orthotopic hepatocellular carcinoma characterized by high Treg 
levels (p = .011).
Conclusion: In this study, we showed that vaccination with alpha- 
fetoprotein-expressing dendritic cells in combination with a speci2c 
inhibition of regulatory T-cells by using P60 leads to synergistic tumor 
inhibition and prolonged survival. This emphasizes the importance of 
regulatory T-cells inhibition for obtaining an e+ective antitumoral 
immune response in hepatocellular carcinoma.
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Introduction

Hepatocellular carcinoma (HCC) is the most common primary liver cancer and the second 

leading cause of cancer-related deaths worldwide with an increasing global incidence (Galle 

et al., 2018; McGlynn et al., 2021). Over a period of one decade, the tyrosine kinase inhibitor 

sorafenib remained the only systemic therapy for advanced HCC. Since 2017, further 

tyrosine kinase inhibitors and four immune checkpoint inhibitors (ICI) have been approved 

for first- or second-line therapy in non-resectable HCC (Kole et al., 2020; Ziogas et al., 

2020). The combination of the PD-L1 inhibitor atezolizumab with the vascular endothelial 

growth factor (VEGF) inhibitor bevacizumab is the first approved combined immunother

apy leading to a prolonged overall and progression-free survival compared to sorafenib 

(Finn et al., 2020). Despite these new systemic treatment options for HCC, clinical 

responses remain limited (Mahn et al., 2020; Ziogas et al., 2020).

Besides ICI, immunotherapies using dendritic cells (DC) may be promising strategies 

towards HCC. DC are professional antigen-presenting cells able to prime specific T-cell 

responses against tumor-associated antigens (TAA), such as alpha-fetoprotein (AFP) 

(Banchereau & Steinman, 1998). We and others showed that DC pulsed with AFP induce 

AFP-specific cytotoxic T-cells (CTL) towards HCC cells in vitro (González-Carmona et al., 

2006). Tumor lysate-pulsed DC engineered to express co-stimulatory checkpoint inhibitors, 

such as CD40L, or cytokines, such as IL-12, resulted in decreased tumor growth in a murine 

HCC model (Gonzalez-Carmona et al., 2008; Vogt et al., 2014, 2021). However, DC-based 

immunotherapies lead to limited clinical responses in patients with HCC (Ladhams et al., 

2002; Lee et al., 2005; Palmer et al., 2009). These poor therapeutic effects can be explained by 

various mechanisms that tumors, including HCC, develop to escape antitumoral immune 

response (Schmidt et al., 2012).

In HCC, the up-regulation of regulatory T-cells (Tregs) is of critical importance. Elevated 

Treg counts in liver, tumor tissue and peripheral blood are associated with disease progres

sion and poor outcome in HCC (Fu et al., 2007; Shen et al., 2010). To date, several 

approaches to overcome immunosuppressive Treg function have been tested. However, 

most of these attempts lack specificity (Byrne et al., 2011). In contrast, a specific impairment 

of Treg function can be achieved by FOXP3-specific peptide inhibitor P60 which suppresses 

the nuclear translocation of FOXP3. Casares et al. showed recently that P60 inhibits 

immunosuppressive Treg function and increases the stimulation of CTL in vitro. 

Moreover, P60 led to an improved immune response towards colorectal cancer (CRC) 

and antiviral vaccines in mice (Casares et al., 2010).

In this study, we analyzed whether a specific inhibition of immunosuppressive Treg 

function using P60 improves the antitumoral effect of a vaccination with adenovirus- 

transduced DC to express murine AFP (Ad-mAFP-transduced DC) in subcutaneous (s.c.) 

and orthotopic murine HCC models.

Material and methods

Mice and cell lines

Eight-week-old to ten-week-old male C3H/HeN mice (Charles River, Sulzfeld, Germany) 

were kept under standard specific pathogen-free conditions. All animal studies were 

performed in agreement with the local ethics committee, State Office for Nature and
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Consumer Protection in North Rhine-Westphalia, 50.203.2-BN 22. Human embryonic 

retinoblastoma cells, 911 (Fallaux et al., 1996) were used to propagate E1-deleted adeno

viruses. Murine hepatoma cells, Hepa129 (NCI-Frederick Cancer Research and 

Development Center), were used for s.c. and orthotopic tumor inoculation in mice. They 

were stably transfected with mAFP plasmid which has been generated and described 

previously (Hanke et al., 2002). The 911 cells were maintained in DMEM (PAA, 

Germany) and the Hepa129-mAFP cells in RPMI1640 (GibcoBRL, Berlin, Germany) 

complemented with 10% fetal calf serum (GibcoBRL), 100 units/ml penicillin and 100 µg/ 

ml streptomycin (Sigma, Munich, Germany).

Adenoviral vectors

For transduction of DC, three adenoviral vectors were used: Ad-LacZ (encoding the 

irrelevant E. coli β-galactosidase) as control vectors, Ad-mAFP (encoding mAFP). These 

vectors were generated using the AdEasy system as described previously (González- 

Carmona et al., 2006; Gonzalez-Carmona et al., 2008).

Murine DC

Bone marrow-derived DC were generated as described by Inaba et al. with modification 

(Inaba et al., 1992). Briefly, bone marrow of C3H/HeN mice was depleted of erythrocytes 

using 0.9% ammonium chloride. For depletion of T- and B-lymphocytes as well as granu

locytes, bone marrow was first incubated with a mixture of rat anti-mouse antibodies (CD4, 

CD8, Ly6G, CD45R, and MHC-II H-2Kb antibodies, Southern Biotechnology, 

Birmingham, AL) and next with goat anti-rat IgG conjugated to magnetic microbeads 

(Miltenyi Biotec, Bergisch Gladbach, Germany). These antibodies bind specifically to the 

Fc region of the primary antibodies. Separating columns were placed in a strong magnetic 

field and equilibrated with MACS buffer.

The cell suspension was then applied to the separation columns and the run was collected 

in tubes. DC were finally gathered by negative selection in a magnetic field.

Collected cells were cultured with GM-CSF (200 U/ml) on day 1, 3 and 5 and from day 1 

with IL-4 (100 U/ml) daily (tebu-bio, Offenbach, Germany).

Adenoviral transduction of DC

On day 6 after their generation (in the presence of cytokines) DC were transduced with 

adenoviruses (Ad-mAFP or Ad-LacZ) at various multiplicity of infection (MOI) ratios. 

Transductions were performed in RPMI1640 with 2% FCS for 2 h at 37°C. DC that have 

been transduced with Ad-LacZ serve as control group.

FOXP3 inhibitory peptide P60

FOXP3-specific inhibitory peptide P60 (RDFQSFRKMWPFFAM) and control peptide 

P301 (NNTRKRIRIQRGPGR) were produced by the solid-phase method of Merrifield 

using the fluorenylmethyloxycarbonyl alternative as described previously (Golgher et al., 

2002). For confirmation of the binding capacity of P60, surface plasmon resonance using
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GST-FOXP3 and GST proteins covalently bound onto the chip was performed (Casares 

et al., 2010).

Tumor inoculation

HCC were induced by s.c. inoculation of 1 × 106 Hepa129 mAFP cells into the right 

flank of C3H/HeN mice as described previously (Fallaux et al., 1996). Tumor growth 

was monitored by measuring two perpendicular diameters with calipers. Mice were 

sacrificed when their tumors reached 1500–2000 mm3 or animals became moribund. 

Orthotopic HCC were induced by inoculation of 1 × 105 Hepa129 mAFP cells into the 

left liver lobe after laparotomy as described previously (Schmitz et al., 2004). Mice were 

sacrificed when they developed clinically relevant malignant ascites or became 

moribund.

Vaccination protocol with DC

Mice developing s.c. or orthotopic HCC received two vaccinations with adenovirus- 

transduced DC. Both vaccinations were performed with DC transduced with the same 

adenoviral vectors (Ad-mAFP, Ad-LacZ). Treatment was performed as s.c. inoculation of 

1 × 106 DC in 50 µl RPMI 1640 into the right flank of C3H/HeN-mice.

Treatment with P60

Tumor-bearing mice received daily i.p. application of 50 µg FOXP3-inhibitor peptide, P60 

in saline. Non-functional peptide P301 was used as control.

Elisa

For cytokine quantification, malignant ascites one and three days after the second s.c. DC 

treatment was analyzed using an enzyme-linked immunosorbent assay (ELISA) 

(eBioscience, San Diego, CA) according to the manufacturer’s instructions.

Flow cytometry

One and three days post second s.c. DC vaccination, the immune response of the treated 

animals was analyzed. Malignant ascites were aspirated from tumor-bearing mice with 

orthotopic HCC. Cell suspensions were first stained with Fc block/rat anti-FcRII-III 

(from 24G2 hybridoma) in order to bind the CD16 and CD32 receptors located on the 

surface of monocytes, B lymphocytes, macrophages, granulocytes, NK cells, and blood 

platelets.

Treg cell analysis was carried out with the Treg staining kit (eBioscience), composed of 

FITC-conjugated anti-CD4 (clone RM4–5), PE-conjugated anti-CD25 (clone PC61.5) and 

APC-conjugated FOXP3 (FJK-16s), was used according to the manufacturer’s instructions. 

Viable and dead cells were distinguished by staining with DAPI. Flow cytometry was 

performed on a FACSCanto II using Diva software and FlowJo7.2.2 (TreeStar Inc. 

Ashland, USA).
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Statistical analysis

For descriptive statistics, means and standard deviations (SD) or standard errors of the 

mean (SEM) are given. An unpaired t-test was used to analyze statistical significance. 

Survival rates are presented as Kaplan–Meier curves and were compared using log-rank- 

test. A two-sided p-value of less than 0.05 was considered significant. Data were analyzed by 

using the statistical software GraphPad Instat and GraphPad Prism.

Results

Antitumoral e%ects of a monotherapy with P60 towards subcutaneous HCC in vivo

In this first set of experiments, we use our established subcutaneous HCC model with 

Hepa129-mAFP cells. In this model, we have already shown an increase of regulatory T cells 

(CD4+/FoxP3+) and IL-10 in untreated tumors (Vogt et al., 2014) indicating a possible role 

of Treg during tumor development in this model.

Three different experimental schedules were tested in order to determine the effect of 

Treg inhibition at different tumor stages. All tumor-bearing mice were treated daily with 50  

µg P60 or P301. The first group of mice was treated starting from the day of tumor 

inoculation (early-stage tumor). Treatment of the two other groups was started on day 3 

after tumor inoculation, when tumor volume reached 52.30 ± 44.2 mm3 (intermediate-stage 

tumor) or on day 5, when tumor volume reached 112.6 ± 75.5 mm3 (advanced-stage 

tumor), respectively, and continued until mice were sacrificed.

Regardless of starting time-point and duration of therapy, treatment with P60 alone had 

no significant effect on survival compared to the untreated control group (p = .41). 

However, we observed a trend of P60 to inhibit tumor growth in the group of tumor- 

bearing mice which were treated when tumor was more advanced reaching a mean volume 

of 112.6 ± 75.53 mm3. This advantage, found only in advanced tumors, was shown as 

prolonged median survival, but was also noticed when comparing tumor sizes on day 9 

after start of treatment. However, this effect was not significantly different compared to the 

untreated group (p > .05) (Figure 1a,b).

Monotherapy with P60 has no e%ect on orthotopic tumor growth

We also analyzed the effect of Treg inhibition using P60 on established orthotopic HCC. 

Due to the faster tumor progression of the orthotopic tumors, treatment was started on day 

3 after tumor inoculation (advanced tumor stage) and continued until death of mice. Again, 

there was no advantage observed in survival compared to the control group (median 

survival 22 vs. 21 days) (p = .44) (Figure 1c).

Preventive vaccination with ad-mAFP-transduced DC leads to delayed tumor 

progression and prolonged survival in orthotopic murine HCC model but is not 

improved by adding P60

In the next set of experiments, we tested whether the application of P60 in combination with 

a vaccination with DC expressing murine AFP as tumor-associated antigen (Ad-mAFP DC) 

had a greater effect than the application Ad-mAFP DC alone as vaccine. Vaccination with

970 F. SADEGHLAR ET AL.



Figure 1. Treatment with FOXP3 inhibitor P60 i.P. daily in a subcutaneous and orthotopic HCC mouse 
model. Mice bearing subcutaneous (s.c.) mAFP-expressing tumors were treated with FOXP3 inhibitor 
peptide P60 intraperitoneally (i.p.) daily. (a) treatment was either started on the day of tumor inoculation 
(early stage tumor) (square, n = 6), on day 3 after tumor inoculation when tumor volume reached 52.3  
mm3 ± 44.19 mm3 (intermediate stage tumor) (triangle, n = 4) or on day 5, when tumor volume reached 
112.6 mm3 ± 75.53 mm3 (advanced stage tumor) (star, n = 4). Untreated control group (circle, n = 12). 
Representation of survival as Kaplan-Meier curve. (b) tumor size in mm (Kole et al., 2020) (+ SEM) on day 9 
after start treatment with P60 i.P. daily. Treatment was either started again on the day of tumor 
inoculation (early stage tumor) (A), on day 3 after tumor inoculation, when tumor volume reached 
52.3 mm3 ± 44.19 mm3 (intermediate stage tumor) (B) or on day 5, when tumor volume reached 112.6  
mm3 ± 75.53 mm3 (advanced stage tumor) (c) Therapy with P60 had no influence on tumor progress and 
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Ad-mAFP-DC was performed on days 10 and 5 before tumor-cells inoculation. In addition, 

treatment with 50 µg P60 or P301 was performed daily from the day of the first vaccination 

until 5 days after tumor inoculation. Clinical signs of tumor growth were studied until death 

of mice or for a maximum of 3 months, respectively.

Mice treated with Ad-mAFP-transduced DC showed delayed signs of tumor 

growth and a significantly longer survival compared to the untreated group 

(Figure 2) (p = .025). However, an additional application of P60 had no effect on 

tumor progression or survival compared to control peptide P301 in this preventive 

setting.

Combined treatment with ad-mAFP-transduced DC and P60 decreases tumor growth 

and prolongs survival in s.C. murine pre-established HCC model

Next, combined therapy with Ad-mAFP-DC and P60 was applied in pre-established HCC. 

Firstly, we performed experiments in subcutaneous HCC model.

First, vaccination with Ad-mAFP- or Ad-LacZ-transduced DC was performed when 

tumor volume had reached 110 ± 64 mm3. Five days later, the second s.c. inoculation of 

adenovirus-transduced DC was performed. Daily treatment with 50 µg P60 was performed 

from the day of the first DC injection.

In this setting, combined P60 with Ad-mAFP led to a significantly prolonged survival 

compared to the untreated group (p = .011) or P60 with Ad-LacZ (Figure 3a). On day 13, 

tumor-growth in mice treated with Ad-mAFP-transduced DC and P60 was significantly 

decreased compared to the control group (p = .033). By contrast, combination treatment 

with the control Ad-LacZ-transduced DC and P60 had no significant effect on tumor size 

(p = .110, Figure 3b).

Treatment with adenovirus-transduced DC expressing mAFP in combination with 

P60 signi+cantly prolongs survival in orthotopic murine HCC model

On days three and six after orthotopic tumor injection, tumor-bearing mice were vaccinated 

with Ad-mAFP- or Ad-LacZ-transduced DC. Treatment with 50 µg P60 or P301 was 

performed daily starting from the day of the first DC injection.

Mice bearing orthotopic tumors showed a significant prolonged survival when treated 

with Ad-mAFP-transduced DC and P60 compared to the untreated group (Figure 4) (p  

= .016). By contrast, tumor-bearing mice did not survive significantly longer when treated 

with Ad-mAFP or Ad-LacZ-transduced DC and control peptide P301 compared to the 

untreated control group (p > .05).

survival. When treatment was started at more progressed tumor stage, tumor progress was delayed. 
However, this advantage was not significant compared to the untreated control group (p = .41). 
C survival rates of orthotopic mAFP-expressing tumor-bearing mice treated with FOXP3 inhibitor 
P60 i.p. daily. Treatment started, when tumor was established in the liver 3 days after tumor inoculation 
and continued until mice were sacrificed (square, n = 6). Untreated control group (circle, n = 6). There was 
no advantage observed in survival compared to the control group (median survival 22 vs. 21 days after 
tumor inoculation) (P = .44).
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In+ltration of Treg and a positive expression of IL-10 in ascites in pre- established 

orthotopic HCC model

To understand the differential effects of P60 when used in combination with Ad-mAFP-DC 

we analyzed immune parameters (infiltration of Treg and a positive expression of IL-10 in 

ascites) associated with these treatments. Tumor-bearing mice were treated s.c. with Ad- 

mAFP-DC on day 0 directly after s.c. vaccination. Ascites was obtained by peritoneal 

puncture.

Ascites of controlsshowed an infiltration of Treg cells 0.5 ± 0.1%. The Treg amount 

was significantly enhanced up to 0.75 ± 0.05% in treatment group (p = .042) 

(Figure 5a). Three days after s.c. inoculation of Ad-mAFP-DC, ascites of control 

mice showed still an infiltration of Treg (0.64 ± 0.15% of cells). In contrast, the 

amount of Treg cells had significantly decreased by 56% in the group treated with Ad- 

mAFP-DC (p = .0072) (Figure 5a,c). Correspondingly, a high amount of IL-10 was 

observed in the control ascites on day 0 (190 ± 115.3 pg/100 µg protein) and day 3 

(363 ± 53.5 pg/100 µg protein). In the case of Ad-mAFP-DC-treated mice, IL-10 

amount was significantly higher (500 ± 30.2 pg/100 µg protein) than the control 

group (p = .002). Interestingly, despite decreased amounts of Treg, the levels of IL-10

Figure 2. Survival rates of orthotopic mAFP-expressing tumor-bearing mice vaccinated with ad-mAFP- 
transduced dendritic cells (DC) subcutaneously (s.c.) on days 10 and 5 before tumor inoculation. In 
addition to vaccine, mice received daily intraperitoneally (i.p.) treatment with control peptide P301 
(triangle, n = 6) or FOXP3 inhibitor peptide P60 (square, n = 9) starting on day 10 before tumor 
inoculation until day 5 after. Untreated control group (circle, n = 5). Representation as Kaplan-Meier 
curve. Mice treated with mAFP-expressing DC showed delayed signs of tumor growth and significantly 
prolonged survival compared to the untreated control group (*p = .025). However, an additional 
application of P60 had no effect on tumor progression and survival compared to control peptide P301 
in this preventive setting.
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enhanced on day 3 (434 ± 50.5 pg/100 µg protein) and was similar to the controls (p  

= .102) (Figure 5b).

Discussion

In this study, we aimed to provide a proof of principle for a novel immunotherapeutic 

strategy with alpha-fetoprotein (AFP)-expressing dendritic cells (AFP-DC) in combination 

with P60, a specific inhibitor of regulatory T-cells via FoxP3, for the treatment of advanced 

hepatocellular carcinoma (HCC). Treatment with P60 leads to a synergistic antitumoral 

effect when combined with a vaccination of Ad-mAFP-transduced DC in mice with pre- 

established HCC. Interestingly, this synergism was strongest in more advanced tumors and 

in orthotopic HCC model in vivo, emphasizing the importance of regulatory T-cells 

inhibition for obtaining an effective antitumoral immune response in HCC.

DC are potent antigen-presenting cells and play an important role in the initiation of 

antigen-specific T-cells responses. We and others have shown in several studies that 

adenoviral-encoded expression of tumor-specific antigens, such as AFP, in DC promotes 

AFP-specific immunity by inducing tumor-specific effector cells in vitro and in murine 

cancer models (González-Carmona et al., 2006; Gonzalez-Carmona et al., 2008; Sadeghlar

et al., 2020; Schumacher et al., 2004; Vogt et al., 2021). However, the clinical response to 

Figure 3. Mice bearing subcutaneous (s.c.) mAFP-expressing tumors were subcutaneously (s.c.) vacci
nated twice with dendritic cells (DC) transduced with ad-mAFP or ad-LacZ, respectively. Additionally, 
mice received daily treatment with FOXP3 inhibitor peptide P60 intraperitoneally (i.p.). a survival rate of 
tumor-bearing mice vaccinated with ad-LacZ- (square, n = 4) or ad-mAFP-transduced DC (s.c). (triangle, n  

= 7) treated with P60 (i.p) daily starting from day 3 after tumor inoculation; untreated control group 
(circle, n = 9). Data presented as Kaplan-Meier curve. Mice treated with ad-mAFP-transduced DC and P60 
showed significantly prolonged survival compared to the untreated control group (*p = .011). b tumor 
size on day 13 after tumor inoculation in mm (Kole et al., 2020) (+ SEM). Tumor progress was significantly 
delayed in mice treated with mAFP-expressing DC and P60 compared to untreated mice (*p = .033).
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DC-based immunotherapies in HCC remains limited (Ladhams et al., 2002; Lee et al., 2005; 

Palmer et al., 2009). In one of the largest phase II studies, reported by Palmer et al., only 28% 

of 35 patients with advanced HCC achieved a disease control (Palmer et al., 2009).

Multiple immune escape mechanisms have been described in HCC to date, explaining 

this limited effect of DC-based immunotherapies (Prieto et al., 2015). In the early tumor 

stage, higher levels of TAA-specific CTL are found in the tumor microenvironment of HCC. 

The secretion of cytokines, chemokines, and growth factors leads to the process of immune 

editing, which describes a change in the tumor microenvironment towards an immuno

suppressive milieu (Santhakumar et al., 2020). One approach to overcome the immuno

suppressive tumor milieu is the blockade of immune checkpoint with ICI (immune 

checkpoint inhibitors). To date, four ICI addressing either PD-1/PD-L1 or CTLA-4 have 

been approved for first- or second-line therapy in advanced HCC. However, all of them 

show limited clinical responses as monotherapy (Ziogas et al., 2020). Expression of ICI

Figure 4. Survival rate of mice bearing orthotopic mAFP-expressing tumors. Mice were vaccinated twice 
(on days 3 and 6 after tumor inoculation) with dendritic cells (DC) transduced with ad-mAFP or ad-LacZ, 
respectively. Additionally, they received either daily intraperitoneal (i.p.) application of FOXP3 inhibitor 
peptide P60 or control peptide P301 starting from the day of the first vaccination. Mice treated with 
mAFP-expressing DC and P60 showed prolonged survival compared to the untreated control group. Data 
shown as Kaplan-Meier curve. Therapy regimen: mAFP-DC + P60 (clear triangle, n = 10), mAFP-DC + P301 
(triangle, n = 4), LacZ-DC + P301 (square, n = 5), untreated control group (circle, n = 7). (*p < .05 mAFP- 
DC + P60 compared to all control groups). Significance was determined using the Mann-Whitney-test. 
Left: representative tumor at day 13 after induction (without treatment, control or after combined 
therapy with ad-mAFP-DC and P60).
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Figure 5. Infiltration of Treg and IL-10 in malignant ascites of orthotopic murine pre-established 
hepatocellular carcinoma model. Percentage of regulatory T-cells (Treg) in ascites was analyzed via 
flow cytometry. Mice were treated subcutaneously (s.c.) with Ad-mAFP-DC (dendritic cells) 3 days after 
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ligands is low on tumor cells and immune cells in HCC (Langhans et al., 2019). Therefore, 

other immune escape mechanisms and therapeutic targets must be discussed for HCC.

Treg upregulation is an immune escape mechanism of critical importance in HCC. 

Elevated Treg count in the peripheral blood, lymph nodes, and the tumor microenviron

ment of patients suffering from HCC predicts a poor prognosis (Fu et al., 2007; Shen et al., 

2010). Moreover, the balance of intratumoral Treg and CTL after tumor resection correlates 

with the overall survival in HCC (Gao et al., 2007).

Immunosuppressive functions of Treg are diverse and many drugs targeting Treg had 

been developed before the exact immune inhibitory functions of Treg were established (Li 

et al., 2020). CD25 is one of the most investigated targets for Treg inhibition. It is part of the 

IL-2 receptor and expressed on Treg but also on CTL. In the tumor milieu, they compete for 

IL-2 and its consumption by Treg causes a deficiency for IL-2, suppressing proliferation of 

CTL. Treg depletion using anti-CD25 antibodies promoted an enhanced antitumoral 

immune response in several preclinical trials (Golgher et al., 2002; Shimizu et al., 1999). 

However, results from clinical trials remained equivocal (Baur et al., 2013; Jacobs et al., 

2010; Morse et al., 2008; Rech et al., 2012). The major limitation of CD25 inhibitors seems to 

be insufficient specificity. Jacobs et al. reported a general depletion of CD25+ cells in 

patients with malign melanoma treated with anti-CD25 antibodies and tumor peptide 

vaccine (Jacobs et al., 2010). Others found DC being modulated towards tolerance (Baur 

et al., 2013) and B-cells inhibited under therapy (Morse et al., 2008). Further attemps to 

overcome Treg inhibition were tested targeting glucocorticoid-induced tumor necrosis 

factor receptor-related protein (GITR) (Tran et al., 2018) and chemokine receptor 4 

(CCR4) (Kurose et al., 2015) with limited response in clinical trials. Greten et al. demon

strated that low-dose cyclophosphamide reduced the frequency and suppressor function of 

Tregs in peripheral blood of patients with HCC. However, an activated AFP-specific T-cell 

response was only found in six of the 13 treated patients (Greten et al., 2010). This 

underlines the requirement of a specific and effective strategy to overcome Treg suppressor 

function to improve anticancer T-cell-response.

Zheng et al. investigated T-cell subsets in liver cancer. They showed that FOXP3 is 

a target specific for tumor infiltrating Treg. FOXP3 is the main transcription factor in 

human T-cells for Treg differentiation and function (Zheng et al., 2017). Casares et al. 

reported an inhibitor peptide P60 which is able to bind to FOXP3 and inhibit its nuclear 

translocation and homodimerization. Furthermore, P60 inhibits downregulation of the 

activity of the transcription factors NF- κB and NFAT by FOXP3.

First studies by Casares et al. found that administration of P60 in vivo results in 

controlled Treg suppression in terms of duration and intensity and enhances the immune 

response, in particular after a vaccination procedure (Casares et al., 2010).

tumor inoculation. Analysis of immune cell recruitment was performed on day 0 and on day 3 after the s. 
c. vaccination with adenoviral transduced DC. Treg count in peritoneal ascites of mice vaccinated with 
Ad-mAFP-transduced DC was significantly reduced over time (a), while a positive expression of IL-10 was 
equal compared to the untreated control group (b). Results represented as means ± SEM of three 
independent experiments (n = 4) (*p < .05). Significance was determined using the Mann-Whitney test. 
Flow cytometry of FoxP3/CD4 positive T cells (Treg) of representative tumors after treatment with Ad- 
mAFP-DC on day 0 and day 3, three days after tumor induction (c).
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Therefore, P60 does not deplete Treg but impairs their immunosuppressive func

tion (Casares et al., 2010; Lozano et al., 2017; Setiawan et al., 2019). Considering 

that Treg depletion promotes conversion of CD4+ cells into CD4+CD25+FOXP3+ 

cells (Valzasina et al., 2006), functional impairment might be the preferred mode. 

Several preclinical trials showed improved antitumoral immune response towards 

cancer vaccines under therapy with P60 (Casares et al., 2010; Moreno Ayala et al., 

2017).

In our study, a preventive treatment with P60 alone or a treatment of pre-established 

tumors with P60 alone did not protect towards an s.c. or orthotopic tumor challenge with 

Hepa129 mAFP cells. This is in line with the findings published by Casares et al. (2010) who 

reported that monotherapy with P60 did not prevent tumor growth in a murine CRC model 

(CT26 cells).

As expected, and in line our previous findings, a preventive vaccination with Ad-mAFP- 

transduced DC led to significantly prolonged survival after orthotopic tumor challenge with 

Hepa129-mAFP cells compared to the untreated control group. However, and contrary by 

the previous published work showing improved antitumoral effect of a preventive antic

ancer vaccination by adding P60, in our murine HCC model, additional P60 to 

a vaccination with Ad-mAFP-DC did not enhance the protective effect of a vaccination 

with Ad-mAFP-transduced DC (Casares et al., 2010). This discrepancy could be related to 

the different vaccination protocols. Indeed, while Casares et al. used a peptide-based 

immunization protocol, in this work we are using a DC-based vaccine. Probably, peptide 

vaccination is more sensitive to inhibition by Tregs than DC-based vaccination, which is 

usually more potent and thus less amenable to the effects of Tregs. Indeed, in our tumor 

model, Ad-mAFP-DC vaccination appears to reduce the amount of Treg within malignant 

ascites. Furthermore, our further experiments showed that the presence of Tregs infiltrating 

tumor tissue or malignant ascites may be necessary for the antitumoral effect of P60. Treg 

count in peripheral blood of patients with HCC increases even more, with the highest 

counts in advanced-stage disease (Langhans et al., 2019; Shen et al., 2010). We induced 

murine HCC by inoculation of Hepa129-mAFP s.c. or orthotopically in healthy C3H/HeN 

mice. In the subcutaneous model, we have previously shown an increase of regulatory 

T cells (CD4+/FoxP3+) and IL-10 in untreated tumors (Vogt et al., 2014) indicating 

a possible role of Treg during tumor development in this model. As shown from flow 

cytometry of malignant ascites from orthotopic HCC at days 0 and 3, we observe also an 

infiltration of Treg and IL-10 in ascites. Therefore, a target for P60 towards FOXP3 might be 

lacking before HCC development in our model, since no activated Treg are infiltrating any 

tumor tissue. This is possibly the reason why P60 can only develop its effect in the presence 

of HCC and is ineffective in a preventive setting in our tumor model. However, and 

contrary to our observations, preventive treatment with anti-CD25 antibody PC61 

decreased tumor growth in two s.c murine HCC models using MH129 or MH134 cell 

lines, respectively. This effect could not be achieved when tumors were established. 

Immunohistological examination of the tumor tissue showed increased expression of 

CD4, CD25, and FOXP3 with progressing tumor growth (Nagayama et al., 2007).

Comparing the effects of P60 in established s.c. and orthotopic HCC, we observe that 

the antitumoral effect of a monotherapy with P60 achieved only a trend to prolong 

survival and decrease tumor growth when treatment with P60 was established and 

started at an advanced tumor stage in the s.c. tumor model. But this advantage of
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a P60 monotherapy was not statistically significant compared to untreated tumor- 

bearing mice (p = .41).

For the vaccination with Ad-mAFP-transduced DC and consistent with our own 

preclinical and other clinical trials in HCC (Ladhams et al., 2002; Lee et al., 2005; 

Palmer et al., 2009) treatment with Ad-mAFP-transduced DC alone did not signifi

cantly improve outcome of s.c. or orthotopic tumor-bearing mice. However, as 

expected, in a therapeutic pre-established setting using Ad-mAFP-transduced DC and 

P60 for combined treatment of established s.c. and orthotopic HCC, we observed 

a synergistic effect. Despite a decrease in the levels of Tregs as a consequence of the Ad- 

mAFP-DC vaccine, P60 still has a beneficial effect. The mice which received two 

vaccinations with mAFP-expressing DC and daily application of P60 showed signifi

cantly delayed signs of tumor growth and prolonged survival compared to the untreated 

control group.

Previously, we were able to show that Treg upregulation limits antitumoral effect of DC- 

based immunotherapies (Vogt et al., 2014). Our present study provides new evidence that 

functional Treg inhibition can help to overcome these limitations. As far as we know, there 

are no comparable studies testing tumor vaccines in combination with Treg inhibition in 

a preclinical HCC model. Our results are in accordance with data from preclinical trials in 

other tumor entities. Treg inhibition in combination with antitumor vaccines led to 

improved immune response towards established tumors in animal models of melanoma 

(Unger et al., 2015) thymoma (Fujinami et al., 2016) and CRC (Ghiringhelli et al., 2004). 

However, our study has some limitations, including only the analysis of the frequency of 

Treg cells and IL-10 within malignant ascites in the orthotopic model. Further analysis of 

immunological mechanisms should be further analyzed in order to understand the syner

gistic effects of P60 in combination with Ad-mAFP-DC vaccination in pre-established 

HCC.

In summary, functional Treg inhibition using FOXP3 inhibitor peptide P60 can increase 

the antitumoral effect of a vaccination with Ad-mAFP-transduced DC by decreasing tumor 

growth and prolonging survival in established s.c. and orthotopic murine HCC model, 

when Treg are infiltrating tumor tissue. Our results suggest that a continued Treg inhibition 

seems to be essential for success of the therapy with P60 underlining Treg upregulation as 

a critical tumor escape mechanism in HCC and a promising target in combination with DC- 

based immunotherapy.
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