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Abstract

 Human cervical cancer tumours expressing the IL-2 receptor (IL-2R) were induced in the 
peritoneal cavity of nude mice. The tumours were signifi cantly reduced by the i.p. administration 
of either free IL-2 or liposomes containing this growth factor. No toxicity was observed in the mice 
even at the highest doses of IL-2 in liposomes. We did not detect any IL-2 in the blood plasma 
pointing to a strong retention of the liposomes on the cavity. We concluded that this preclinical 
study for the treatment of tumours expressing IL-2R in the peritoneal cavity is effective and 
safe. The liposomes were stable and their IL-2 active for up to one year when kept at -14oC in a 
cryopreservation media approved by the FDA for human use. 
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Introduction 

Tumors can occur in the peritoneal cavity either as primary or metastatic growths 
[1-7]. Besides the lymphatic and hematologic routes of dissemination the transcoelomic 
spread of tumor cells is an acknowledged phenomenon that ultimately leads to peritoneal 
carcinomatosis [8,9]. The administration of anticancer drugs in the peritoneal cavity 
suffers from a rapid clearance by the lymphatic system into blood circulation and by its 
absorption in the large surface of the peritoneum [10,11]. Liposomes have been widely 
studied as drug carriers [12-16] and shown that when injected i.p. their retention in 
the cavity is signi icantly increased [17-19]. 

IL-2 has been used to treat human tumors with relative success. Nevertheless the 
high doses needed for an effective antitumor effect is rather toxic thus limiting the use 
of this molecule in cancer therapy [20]. The high toxicity associated with IL-2 has been 
shown to be due to the cytokines released by T lymphocytes activated by this growth 
factor [21]. The i.p. administration of IL-2 has been shown to be mostly conserved in 
the cavity with only slight increase in plasma or organs [22]. 

Lower doses of IL-2 cannot be used in cancer treatment because on one hand they 
do not activate cytotoxic lymphocytes and on the other it has been shown that they 
promote tumor growth [23]. We have previously shown that high doses of IL-2 can 
be included in liposomes with signi icant antitumor activity without the high toxicity 
produced by free IL-2 [24]. We used a chemical immune depressed mouse model to 
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facilitate the formation of human cervical cancer tumors that express the IL-2R. The 
cationic liposome developed by our group contains the IL-2 molecules presented on its 
external surface thus facilitating their recognition by cells expressing the IL-2 receptor 
[25]. Several cancer cells have been shown to express IL-2R [26-29], thus susceptible 
to be treated by these liposomes. 

This work was undertaken to evaluate the effectiveness and safety of our liposomes 
as an anticancer drug in vivo by using a nude mouse model. The advantage of this model 
is that human tumors can be produced without immune rejection and in our particular 
case because IL-2 being a lymphocyte growth factor could not excerpt indirectly 
its antitumor activity by activating cytotoxic T cells. An additional advantage being 
that the animals were not chemically immune depressed thus avoiding the inherent 
systemic toxicity. In our previous model the existence of a partially functional immune 
system generated signi icant organ damage when free IL-2 was used. We expected that 
in the nude model the absence of thymic lymphocytes this toxicity could be avoided. 

We reasoned that if liposomes increase the permanence of associated drugs in 
the peritoneal cavity and if IL-2 by itself is known to remain in that cavity a liposome 
containing this growth factor could have an important cavity stay. On the other hand 
if tumors bearing the IL-2R are known to strongly deplete IL-2 from the surrounding 
media then the administration a liposomes presenting external IL-2 by this via can 
further avoid its entrance into blood circulation augmenting its antitumor activity in 
the cavity itself and eliminating the systemic tumor promoting effect associated with 
low doses of IL-2. 

Our results showed a strong anticancer effect of these liposomes without any mice 
toxicity and the absence of plasma IL-2 even at very high doses. We consider this work 
to be a successful preclinical study by showing the effectiveness and safety of our 
liposome for treating peritoneal tumors expressing the IL-2R. 

Materials and Methods 
Reagents 

Human recombinant Interleukin 2 (rhIL-2) was acquired from R&D systems 
(Minneapolis, MN, USA) and was reconstituted according to the supplier’s instructions. 
Egg yolk phosphatidyl-choline (PC) and cholesteryl-spermidine (SpeCho), synthesized 
by direct reaction of cholesteryl chloroformate with spermidine base, which were 
acquired from Sigma (Sigma Chem, St Louis, MO, USA). Cryopreservation agents were 
acquired too from Sigma (Sigma Chem, St Louis, MO, USA). 

Preparation and storage of liposomes 

Cationic liposomes were formed as published by our group [25] using the cationic 
lipid Cholesteryl-spermidine (SpeCho) (synthesized in our laboratory) and egg yolk 
phosphatidylcholine (PC), (Sigma Chem, Mo. USA) in a 1:1 molar ratio. The mixture of 
lipids (10 μmol) was dissolved in chloroform dried under nitrogen at reduced pressure 
and liposomes produced by hydration of the thin lipid ilm in phosphate buffer solution 
(PBS) with or without 100IU/mL of IL-2 (2.4 X 103 IU of IL-2 is equivalent to 1 μG of 
IL-2) in PBS using three 5 second sonication cycles followed by 30 seconds resting 
period in an Avanti G112SO20_B sonicator. The liposomes were inally sedimented at 
200,000g for 40 minutes in PBS and suspended in a solution that containing a mixture 
of cryopreservation agents (trehalose/glycerol) authorized by the FDA for human use. 

Samples with 300 μL were used for our experiments or kept frozen at -14oC for 
stability evaluation. 

Transmission electron microscopy 

The liposome suspensions with or without IL-2 were diluted 1:1 with 4% aqueous 
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uranyl acetate on carbon-Formvar-coated grids and incubated for 1 min. The grids were 
drained on absorbent tissue and allowed to air-dry. A JEOL-JEM-1010 transmission 
electron microscope (JEOL USA, Inc., USA) was used. 

Flow cytometry 

Liposomes in 100 μL of PBS with or without IL-2 were analyzed in a FACS Aria 
low cytometer (Becton Dickinson, CA, USA). Results were reported as laser beam 

diffraction (FSC) taken to be proportional to liposomes surface area (size) or refraction 
(SSC) taken as their complexity (roughness). 

Cell culture 

A human solid tumor cell line INBL established in our laboratory from a cervical 
carcinoma was kept in tissue culture and routinely sub-cultured at 37ºC with 5% CO2 
in RPMI 1640 medium (Microlab, México) supplemented with 10% fetal calf serum 
(FBS) (Hyclone, USA). 

Animals 

Athymic nu/nu female mice between 8 and 12 weeks old were used. Mice were kept 
in groups of three on sterile environment in cages at room temperature with food and 
water ad libitum as per the protocols approved by the UNAM’s Animal Experimentation 
and Ethics Committee which complies with the code of practice regarding the care and 
use of animals for scienti ic purposes. 

Tumor induction 

Mice were inoculated i.p. with 8x106 INBL cells in 300 μl of PBS. The animals were 
kept for 20 more days for the different antitumor protocols to be applied. Subsequently 
sacri iced by cervical dislocation and the tumor masses collected. The volumes were 
calculated assuming they had a spherical shape by using the formula 4/3 πr3 where r 
was half of their longest diameter. 

Toxicology assay 

The toxicology assay was done according to Lorke Model [30], for increasing 
concentrations of IL-2. Liposomes were administered i.p. in a single dose with 100, 
500 and 5000 IU of IL-2. Mice were observed for 15 days and blood samples collected 
in Microtainer® microtubes (BD Diagnostics, Franklin Lakes, NJ, USA) and the serum 
separated by 15 min of centrifugation at 350 g at 4ºC. The amount of urea, creatinine, 
transaminases AST and ALT were then evaluated. 

Pharmacodynamic assay 

For the pharmacodynamic assay we induced tumor formation, as described in 
Materials and Methods, in three groups of three mice by triplicate. Once the tumors 
were established we administrated i.p. 100 IU/mL of IL-2 either free or in liposomes 
diluted in 300 μL on a daily basis for 5 days. A group of mice with only the dilution 
media was used as a control. The animals were then sacri iced by cervical dislocation 
and the tumor masses collected. 

Analytical determination of rhIL-2 in serum 

The analytical determination of rhIL-2 content in serum was done with a validated 
analytical assay using an ELISA sandwich. Brie ly; 100 μl/well of capture antibody 
(MAB 602, R&D Systems, Minneapolis, MN, USA) were added in a 96 well ELISA plate 
(Sarstead, Nümbrecht, GER) for 24 hours at room temperature followed by three 
washes with 0.05% Tween 20 in PBS at pH 7,4 and then with 1% polyvinylpyrrolidone 
(PVP) for one hour to block empty spaces. After one more wash cycle of 100 μl/well 
serum samples were added and incubated for 2 more hours. After one more wash 100 
μL of the biotinylated detection antibody (BAF 202, R&D Systems, Minneapolis, MN, 
USA) were added and incubated for 2 hours at room temperature. After two more 
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washing cycles 100 μL of Ultrasensitive Streptavidin-HRP (Sigma Chem, St Louis, MO, 
USA) diluted according to supplier’s instructions were added to each well. The plate 
was then covered and incubated for 30 minutes at room temperature, avoiding placing 
the plate under direct light. After one more wash cycle 100 μL of a TMB solution (Sigma 
Chem, St Louis, MO, USA) diluted according to the supplier´s instructions was added 
to each well. The plates were then incubated for 30 minutes at room temperature, 
avoiding placing the plate under direct light. 50 μL of 1 M H2SO4 were added to each 
well and with a gentle tap to the plate to ensure thorough mixing the optical density 
(O.D.) at 450 nm was determined for each well within 30 minutes with a wavelength 
correction to 570 nm. 

Results 

Pharmacodynamics measured as an antitumor effect of liposomes in tumors 
induced by a human cervical cancer cell line in nude mice

We have previously demonstrated that 100 UI/Ml of IL-2 in our liposomes had 
a strong antitumor effect on an immunodepressed CBA mice model bearing human 
cervical cancer tumors [24]. In this work we used nude mice (nu/nu) to avoid the 
toxicity involved in the previously used immune depression protocol. For this purpose 
we induced tumors in three groups with three nude mice each with the human cervical 
cancer cells INBL as described in Materials and Methods. After 20 days of tumor 
induction two groups were inoculated for ive consecutive days with our liposomes 
diluted in trehalose/glycerol with 100 UI/Ml of IL-2 or with the same concentration of 
free IL-2. The third group was left without treatment as a negative control. The mice 
were then sacri iced and the volume of total tumor masses evaluated. As expected we 
obtained large tumor masses in the control group (5082 mm3) while more that 95 % 
reduction with our liposomes (16 mm3) and (15 mm3) with free IL-2 (Figure 1). 

Toxicity of liposomes containing different concentrations of IL-2 in nude mice

We have previously obtained that the maximum load of IL-2 in our liposomes 
was of 5000 IU/ML [31], in this work we evaluated toxicity of 100, 1000 and 5000 
IU/mL of IL2 in liposomes dissolved in trehalose/glycerol in our nude mouse model 
as evaluated by their urea, creatinine, transaminases AST and ALT content. For this 
purpose three groups of three nude mice were inoculated i.p. with 300 μL of the 
different IL-2 concentrations in liposomes. Control groups with either no treatment, 
with only vehicle (trehalose/glycerol) or with liposomes without IL-2 were used. 
Mice were observed daily for 15 days and then sacri iced to obtain blood serum. No 
dizziness, fever, vomit, convulsions, tachycardia or any other behavior change was 
observed except for a slight irritation towards noise at the highest dose. Our results 
showed no departures from the mice reference values [32] or from those of controls in 
the amount of creatinine, urea, AST or ALT in their sera (Table 1). 

Figure 1: Tumor volume induced in mice. Control (5082mm3), liposomes (16 mm3) and IL-2 free (15 mm3). 
Differences between control and treatments are signifi cative.
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No IL-2 activity was found in the sera of nude mice treated with liposomes

 To evaluate the possible presence of IL-2 in plasma we used two groups of 24 nude 
mice. We administered i.p. on each one either a single dose of free 100 IU/mL of IL-2 
or liposomes with the same concentration of IL-2 in 300 μL of trehalose/glycerol. After 
0, 10, 20, 30 60 and 120 min two animals of each group were anesthetized and blood 
collected. No IL-2 activity was detected in any of the sera. 

Stability of liposomes containing IL-2 in the cryopreservation mixture 
containing trehalose and glycerol

 The activity of IL-2 in our liposomes became rapidly inactivated, as the provider 
stated, at room temperature and 4oC. In order to evaluate if the liposomes could be 
kept active when frozen for long periods of time we calibrated our freezer and found 
that the temperature of -14oC was constant at the central shelves and decided to use 
them for our experiments. We obtained that while the IL-2 activity in our liposomes 
was conserved at this temperature the liposome structure was destroyed. In order 
to avoid liposome destruction we substituted PBS for a combination of trehalose and 
glycerol recommended by the FDA [33-35], for human application and evaluated IL-2 
activity and liposome preservation as a function of time at -14oC. For that purpose we 
froze 36 samples and every month three samples were unfrozen and evaluated up to 
one year. We obtained that the activity and structure stability of the liposomes were 
mostly conserved (Figure 2A,B). 

Increase in size and roughness of liposomes in the cryopreservation mixture

Once we determined that the IL-2 activity in our liposomes did not change 
signi icantly even after freezing for up to one year hinting to encapsulation ef iciency, 
the size and shape of liposomes either diluted in PBS or in a trehalose/glycerol mixture 
were compared by transmission electron microscopy and FACS analysis. We obtained 
that the size and roughness of the liposomes in the cryopreserved mixture increased 
signi icantly (Figure 3A,B). 

Discussion 

The IL-2 receptor (IL-2R) has been found to be express in a variety of epithelial cancer 
cells. Even though this receptor has been well characterized to activate lymphoid cells, 
its function on epithelial cells is mostly unknown. It was hypothesized that the IL-2R in 
cancer cells could on one hand deplete IL-2 from the tumor environment thus escaping 
attack from lymphocytes that need this factor to become cytotoxic and on the other hand 
by using this factor for their own proliferation. We have previously used a chemical 
immune depressed animal model and found a strong antitumor effect of a liposome 
presenting IL-2 on its external surface. We hypothesized that the strong apoptotic cell 
death found in the human cervical cancer cells was due to a direct interaction between 
the IL-2 in the liposomes and the IL-2R on the tumor cells. Nevertheless we could not 
completely rule out the participation of cytotoxic lymphocytes. The choice of a nude 
mice model used in this work warranted the formation of a human tumor without the 
need for chemical immunodepression and eliminating the possible antitumor effect of 
cytotoxic lymphocytes that could also be activated by the liposome´s IL-2. 

Table 1: Levels of creatinine, urea, AST and ALT in sera of nu/nu mice after 15 days of inoculated with different doses of 
IL-2 in liposomes. There are no signifi cative differences because all values reside between the reference and control ones.

Parameter 
Mice 

references 
values 

Control 
without 

treatments 

 
Vehicle 

Liposomes 
without 

IL-2 

Liposomes 
containing 
100UI/mL 

Liposomes 
containing 
1000UI/mL 

Liposomes 
containing 
5000UI/mL 

Urea (mg/dL) 41.4 - 47.5 60.5 +/- 3 40.8 +/- 4 60.3 +/- 5 42.8 +/- 5 39.6 +/- 3.5 41 +/- 4 
Creatinin 
(mg/dL) 

0.51–0.55 0.2 +/- 0.01 0.3 +/- 0.09 0.2 +/- 0.0 0.2 +/- 0.01 0.2 +/- 0.04 0.2 +/- 0.0 

AST (U/L) 55-251  164.3 +/- 26 193.5 +/- 35 264 +/- 15 280.3 +/- 94 288 +/- 74 213.6 +/- 19 
ALT (U/L) 28-184 35.5 +/- 7 32 +/- 0.0 47 +/- 23 43 +/- 11 53 +/- 14 48 +/- 31 
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The peritoneal cavity was chosen to induce the tumors because it is known that 
administrated liposomes remain mostly on the cavity with almost no lymphatic drainage. 
We obtained a very strong antitumor activity with more than 90% volume reduction 
when treated with our liposomes and we did not detect any IL-2 on the mice sera even 
after 120 min of liposome administration. It was important to avoid the presence of IL-2 
in blood because of the known toxic systemic side effects that might be present when 
treating human cancers. 

The peritoneal cavity has been found to be the site of secondary tumors by 
in iltrating malignant cells or by overgrowth of primary tumors. Once tumors grow in 
the cavity the patient prognosis is poor especially in those cases with advanced stages. 
Liposomes containing antitumor chemicals have been used to treat these tumors with 
limited success. In this work we chose to grow a tumor in the peritoneal cavity to try to 
ind a therapeutic alternative to these types of cancers. 

This preclinical study shows that the liposome has a strong anticancer effect in vivo 
with no toxicity thus safe for human use. It would be interesting to evaluate the doses 
and regimes needed to eradicate the tumor completely and thus the kinetics of IL-2 
in the cavity as a function of time. Another advantage of our liposomes is that when 

Figure 2: Stability of frozen liposomes containing IL-2 as a function of time. A: Integrity evaluated by fl ow cytometry 
as the percentage size of liposomes as compared to the control that was taken as 100%; B: Percentage of biological 
activity of IL-2 contained in liposomes evaluated by an analytical assay as compared to a control taken as 100%. 
Media: Trehalose/glycerol; CV: variation coeffi cient.

Figure 3: Size and roughness of liposomes evaluated by fl ow cytometry and electron microscopy. A: Relative size 
by fl ow cytometry; B: Relative roughness by fl ow cytometry; C: Size evaluated by transmission electron microscopy. 
a) Liposomes without cryopreserver; b) Liposomes with cryopreserver.
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applied into human cancers the absence of systemic IL-2 avoids the toxicity associated 
with this growth factor [20,21]. In this respect the liposome structure and activity of 
the IL-2 molecule was mostly conserved for up to one year at -14oC in a cryopreserver 
media approved by the FDA for human use. 

We cannot discard the possible application of our liposome for primary or 
secondary tumors that do not express the IL- 2R because the IL-2 they contain could 
also activate residual lymphocytes to become cytotoxic. In this respect it has been 
shown the existence of inactivated T lymphocytes in the peritoneal cavity that can be 
induced to become [36,37]. Finally we think that this technique can also be useful in 
other serous membranes tumors like those in the pericardial and pleural cavities that 
in general have poor prognosis [38,39].
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