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ABSTRACT

It is known that cervical cancer cells express IL-2 receptor (IL-2R) and those high doses induce cell death. To identify the type
of cell death two cervical cancer cell lines, CALO and INBL, were cultured with 100 IU/ml of IL-2. Our results showed the
presence of apoptotic cell death by the significant expression of phosphatidylserine on the external surface of cellular membranes,
the presence of a typical DNA fragmentation and the activation of caspase 3. We also observed that the expression of COX I,
COX II and COX III was not significantly altered while that of COX IV was completely inhibited. An increased expression of
cytochrome-C by confocal microscopy was observed. Finally, we speculate that the clinical effect and toxicities of IL-2 used
in cancer therapies is mostly due to its apoptotic effect on the cancer cells themselves rather than, as thought, the cytotoxic
contribution of leukocytes.
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1. INTRODUCTION
IL-2 is an well-known T cell growth factor that can induce
cytotoxic cells capable of killing tumor cells.[1] Several clini-
cal protocols have been developed to either administrate IL-2
in vivo or to prime cytotoxic lymphocytes in vitro, and then
transfer them into the patients.[2, 3] We have demonstrated
that cancer cells express IL-2R[4] and that IL-2 at low doses
induced their proliferation while at high doses their death.[4, 5]

In consequence IL-2 not only induces lymphocytes to de-
velop toxicity against tumor cells, but it can also kill them by
itself. While it is known that cytotoxic lymphocytes induce
cancer cells into an apoptotic death,[6, 7] it is not known the
mechanism by which IL-2 kills tumor cells bearing IL-2R.

In this work we evaluate if apoptosis is induced by IL-2 in
cervical cancer cells (CeCa) CALO and INBL bearing IL-2R
by determining the presence of phosphatidylserine on the
external surface of cellular membranes, DNA fragmentation
and the activation of caspase 3.[8, 9] Apoptosis is known to
be mediated by cytochrome-C release from mitochondria
into the cytosol and with alterations in the function of the
COX molecules of the mitochondrial respiratory chain.[10, 11]

Several authors have demonstrated that in inflammation, sep-
sis and several pathologies where cell death by apoptosis
is present COXIV is negatively regulated.[11–17] In conse-
quence we also evaluated changes in cytochrome-C, COXI,
COXII, COXIII and COXIV expression induced by IL-2 in
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CeCa cells to evaluate whether the induction of apoptosis
by IL-2 is due to an augmentation of released cytochrome-C
and a negative regulation of COXIV.

2. MATERIALS AND METHODS
2.1 Reagents
Fetal bovine serum (FBS) from Hyclone Lab (Logan, UT,
USA), and RPMI-1640 medium from Microlab (Mexico).
Human recombinant IL-2 from R&D Systems (Minneapolis,
MN, USA), annexin, active caspase 3 antibody, V/FIT-C,
FITC secondary antibody and salts from Sigma–Aldrich (St
Louis, MO, USA). Antibody against cytochrome-c from
Santa Cruz Biotechnology (Santa Cruz, Cal, USA). All
reagents for molecular biology from Promega (Wisconsin,
USA). DNAzol R©, TRIzol R© Reagent, RNase-free DNase,
reverse transcriptase and agarose from Life Technologies
(New Jersey, USA).

2.2 Cell lines
CALO and INBL cell lines were established in our labora-
tory from two cervical carcinomas and kept in culture for 15
years. The cells were subcultured in RPMI 1640 medium
with 10% FBS at 37◦C with 5% CO2.[18]

2.3 Flow cytometry for annexin and caspase 3
A flow cytometry technique was used to evaluate apoptotic
CALO and INBL cells after stimulation with IL-2. In brief:
Petri dishes were seeded with 5 × 105 cells and stimulated
with 100 IU/ml of IL-2 during 1, 2, 3 and 4 days for annexin
and 24 hrs for caspase 3. The cells were detached and washed
twice with PBS by centrifugation. For the annexin evaluation
the cell button was kept at room temperature in darkness for
15 minutes with 200 µl of annexin-FITC (1:200) then washed
and incubated for 15 minutes with 2 µl of propidium iodide
(PI) (50 µg/µl). For caspase 3 the cells were kept in dark-
ness for 15 minutes with anti-active caspase 3 antibody and
washed with PBS and analyzed in a flow cytometer (FACS
Aria, BD, California, USA).

2.4 DNA fragmentation assay

Petri dishes with 2 × 106 CALO and INBL cells were seeded
with 100 IU/ml of IL-2 during 1, 4, 7 and 9 days. After
incubation washed by centrifugation with PBS. DNA was
obtained with DNAzol R© as per the manufacturer’s proto-
col. Briefly: 500 µl of DNAzol R© was added for 15 minutes
on ice, followed by 1 ml of absolute ethanol. The DNA
precipitate was collected and re-suspended in RNAse-free
water. One microgram of DNA was used with 5µl of load-
ing buffer (Bromophenol Blue 6x) and gel electrophoresis
was performed and analyzed in a UVP R© (California, USA)
transilluminator.

2.5 Reverse transcription

Total RNA from CALO and INBL was extracted with
TRIzol R© and treated with RNase-free DNase. Comple-
mentary DNA synthesized by using 1 µg of RNA and
oligo-dTprimers with reverse transcription buffer (50 mM
Tris–HCl, pH 8.3; 75 mM KCl; 3 mM MgCl2), 10 mM DTT,
200 mM of dATP, dTTP, dCTP and dGTP and 5 U of MMLV
reverse transcriptase at 37◦C for 1 h.

2.6 PCR amplification

PCRs for cytochrome-C and COX molecules were obtained
by using 1 µg/µl of complementary DNA. 1X reaction buffer
(2 mM MgCl2, 0.2 mM dNTPs mix), 1 U of Taq DNA poly-
merase and 15 µl of RNase-free water with 30 cycles of
amplification at 95◦C for 1 min, followed by 55◦C for 1 min
and 72◦C for 1 min per cycle. The amplified PCR products
separated by electrophoresis on 1.5% agarose gel with TBE
buffer (Tris-Borate-EDTA). The bands stained with ethidium
bromide and photographed. For an internal control β-actin
was used. The primers were forward and reverse; for β-actin,
COX I, COX II, COX III and COX IV (see Table 1). The
primers were designed using Primer3 (v.0.4.0) software from
Accesolab (México City, México).

Table 1. Primers information
 

 

Primers  Forward Reverse 
Expected amplicon 
size (bp) 

β-actin GGG TCA GAA GGA TTC CTA TG GGT CTC AAA CAT GAT CTG GG 234 

Cytochrome-C TTG GCA ATC CGT CAT CAG TA CCC GAC AGT GCC TAG AAG AG 183 
COX I GTG GTT CCA AGA TGG TTG CT CAC ATG GGG ATG GGA ATT AG 191 
COX II GGG CCT TGG ACA AGT TGT TA CAT GAC AAA GCA GAG GCA AA 226 
COX III CCA GCT ACC ATG TCC CAG AT TAT GCC AGC TTC CGA CTC TT 185 
COX IV GTC ACT TGG GTT TGG CCT TA GCA AAG CAT TAG GCA AGA GG 242 
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Figure 1. Determination of expression of phosphatidylserine in INBL cells with IL-2 by cytometry. (A) 0 day, (B) 1 day,
(C) 2 days, (D) 3 days and (E) 4 days of culture. Q1: IP-labeled (necrotic) cells, Q2: double positive fluorescence cells, Q3:
double negative fluorescence cells, and Q4: phosphatidylserine expressing (apoptotic) cells labeled with FIT-C.

2.7 Confocal microscopy

A total of 2 × 104 cells were cultured in coverslips fixed
in 1% formaldehyde and permeabilized with Triton X-1000
(2%), blocked with 5% BFS, and incubated for 60 minutes
with anti-cytocrome-C/FIT-C antibody. The fluorescence
images were taken with a confocal microscope.

3. RESULTS

3.1 IL-2 induces the expression of phosphatidylserine
in the external surface of CALO and INBL cellular
membranes

To evaluate phosphatidylserine (PI) in the cell membranes
of CALO and INBL cell lines, 5 × 105 cells were cultured
for 0, 1, 2, 3 and 4 days with 100 IU/ml of IL-2. Increase in
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positive phosphatidylserine cells in a time depending manner
was observed by cytometry (see Figures 1 and 2). By day
4 almost 50% of the cells presented this molecule on their
external cell membranes. Our results also show very low

necrosis, less than 3%, as determined by PI positive cells.
We detected double positive cells only in CALO hinting to
the presence of cells in late apoptosis for this cell line.

Figure 2. Determination of expression of phosphatidylserine in CALO cells with IL-2 as a by cytometry. (A) 0 day, (B) 1
day, (C) 2 days, (D) 3 days and (E) 4 days of culture. Q1: IP-labeled (necrotic) cells, Q2: double positive fluorescence cells,
Q3: double negative fluorescence cells, and Q4: phosphatidylserine expressing (apoptotic) cells labeled with FIT-C.
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3.2 IL-2 induces DNA fragmentation on CALO and
INBL cells

Once the presence of phosphatidylserine in the external cell
membranes was induced by IL-2 was detected the possible
existence of DNA fragmentation was evaluated. For this pur-

pose, 2 × 106 cells with and without 100 IU/ml of IL-2 were
cultured for 1, 4, 7 and 9 days. Our results show that only the
cells with IL-2 presented a typical apoptotic fragmentation of
DNA that increases in a time depending manner (see Figures
3A and 3B).

Figure 3. Determination of DNA fragmentation induced by IL-2 in CALO (A) and INBL (B) cells in a time depending
manner. Cells were cultured for 1, 4, 7 and 9 days with (+) and without (-) IL-2. L: Molecular Markers.

3.3 IL-2 induces the expression of an active caspase 3 on
CALO and INBL cells

Once phosphatidylserine and DNA fragmentation were eval-
uated, the apoptosis was further confirmed by the presence
of an active caspase 3. For that purpose, 2 × 106 CALO and

INBL cells were cultured for 30 min with and without 100
IU/ml of IL-2. Camptothecine was as a positive apoptotic
control. Apoptosis was confirmed by significant activation
of caspase 3 (see Figures 4A and 4B).

Figure 4. Presence of active caspase 3 in CALO (A) and INBL (B) cells cultured for 30 min with IL-2.
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3.4 IL-2 induces cytochrome-C in CALO and INBL
A total of 1 × 106 CALO and INBL cells were cultured with
100 IU/ml of IL-2 and without (control) for 30 min, 2 h, 1
and 2 days and cytochrome-C evaluated by RT-PCR. Our

results showed that after 30 min IL-2 significantly increased
cytochrome-C and remained high as a function of time in
culture (see Figures 5 and 6).

Figure 5. Amplification products for cytochrome-C (183 bp) in the CALO cell line. A) Cells cultured in the absence of
IL-2; B) Cells cultured in the presence of IL-2 (which show a significant increase in the expression of cytochrome-C).
β-actin (234 bp) was used as a positive control. (M: Minutes, H: Hours and L: Molecular Markers).

Figure 6. Amplification products for cytochrome-C (183 bp) in the INBL cell line. A) Cells cultured in the absence of IL-2.
B) Cells cultured in the presence of IL- 2 (which show a significant increase in the expression of cytochrome-C). β-actin
(234 bp ) was used as a positive control. (M: Minutes, H: Hours and L: Molecular Marker).

3.5 Cytochrome-C is augmented in CALO and INBL by
IL-2

We evaluated cytochrome-C protein expression in CALO and
INBL and it was also increased. For this purpose, 2 × 104

cells were cultured with and without 100 IU/ml of IL-2 for 24

h. The cells fixed and stained with anti-cytochrome-C/FIT-C
and visualized by a confocal microscope. Our results show
a very strong increase in fluorescence in the cells cultured
with IL-2 hinting to a significant cytochrome-C production
(see Figures 7 and 8).
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Figure 7. Confocal microscopy of FIT-C labeled anti-cytochrome-C in INBL cells cultured with IL-2 for 4 days and
without IL-2 (control). A) Micrograph (40×) of cells cultured without IL-2. B) Micrograph (40×) with IL-2. C)
Micrograph amplification.

Figure 8. Confocal microscopy of FIT-C labeled anti-cytochrome-C in CALO cells cultured with IL-2 for 4 days and
without IL-2 (control). A) Micrograph (40×) of cells cultured without IL-2. B) Micrograph (40×) with IL-2. C)
Micrograph amplification.

3.6 IL-2 does not alter COX I, COX II and COX III on
CALO and INBL while COX IV is completely inhib-
ited

We proceeded to evaluate if there were any changes in the
expression of the molecular complexes belonging to the mito-
chondrial respiratory chain. For this purpose, 1 × 106 CALO

and INBL cells were cultured with 100 IU/ml of IL-2 and
without (control) for 30 min, 2 h, 1 and 2 days and the ex-
pression of COX I, COX II, COX III and COX IV evaluated
by RT-PCR. The expression of COX I, COX II and COX III
remained fairly constant as a function of time (see Figures
9-14) while that of COX IV was completely inhibited (see
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Figures 15 and 16). Taking into consideration that COX III
reduces cytochrome-C while COX IV oxidizes, it our results

point that in the apoptotic induction by IL-2 cytochrome-C
is accumulated in its reduced form.

Figure 9. Amplification products for COX I-FeS (191 bp) in CALO cell line. A) Without IL-2. B) With IL-2. β-actin (234
bp) was used as a positive control. (M: Minutes, H: Hours and L: Molecular Markers). Imax: Maximum florescence.

Figure 10. Amplification products for COX I-FeS (191 bp) in INBL cell line. A) Without IL-2, B) With IL-2. β-actin (234
bp) was used as a positive control. (M: Minutes, H: Hours and L: Molecular Markers). Imax: Maximum florescence.

4. DISCUSSION
This study present evidence that, high doses of IL-2 have
been administrated against cancer in order to activate cyto-
toxic leukocytes to kill tumor cells. The severe secondary
toxicities have strongly limited its treatment. The lympho-
cytes under the influence of IL-2 not only became cytotoxic
but also in turn secreted high amounts of other interleukins
that were responsible for several of the damaging side ef-
fects.[19] Protocols were designed to deliver of IL-2 in situ
to avoid the high systemic toxicity involved;[20, 21] had little

success due to the absolute need of a persistent high dose
to maintain the anticancer effect. We recently demonstrated
that cancer cells can express, as lymphocytes, a functional
IL-2 receptor and that IL-2 at high doses kills them.[4, 5] In
consequence part of the success observed in the anticancer
treatment with high doses of IL-2 was not only due to cyto-
toxic cells but also to its direct induction of cell death in those
cells. In this respect melanoma and kidney cancer tumors
whose cells express IL-2R happen to be the best responders
to IL-2 treatment.[22–25]
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Figure 11. Amplification products for COX II-FeS (226 bp) in CALO cell line. A) Without IL-2. B) With IL-2. β-actin
(234 bp) was used as a positive control. (M: Minutes, H: Hours and L: Molecular Markers). Imax: Maximum florescence.

Figure 12. Amplification products for COX II-FeS (226 bp) in INBL cell line. A) Wihtout IL-2. B) With IL-2. β-actin (234
bp) was used as a positive control. (M: Minutes, H: Hours and L: Molecular Markers). Imax: Maximum florescence.

In this work we show that the mechanism by which IL-2
kills tumor cells bearing IL-2R is by apoptosis. We obtained
that close to 50% of the cells presented phosphatidylserine in
their external membranes while that less than 3% presented
necrosis together with a typical apoptotic DNA fragmenta-
tion and the expression of active caspase 3. If IL-2 can kill
IL-2R expressing cancer cells a change in strategy is needed
through the use of specific vectors designed to deliver IL-

2 directly to the tumor cells without the need to activate
lymphocytes. For this purpose a liposome expressing IL-2
that is not covalently bound to its surface was designed and
found to induce cell death in vitro and in vivo without the
secondary cytotoxic effects associated when this factor was
freely administrated.[26, 27] Cell death by apoptosis as against
necrosis has the advantage to avoid inflammation that can
further complicate anticancer treatment.
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Figure 13. Amplification products for COX III-FeS (185 bp) in CALO cell line. A) Without IL-2. B) With IL-2. β-actin
(234 bp) was used as a positive control. (M: Minutes, H: Hours and L: Molecular Markers). Imax: Maximum florescence.

Figure 14. Amplification products for COX III-FeS (185 bp) in INBL cell line. A) Without IL-2, B) With IL-2. β-actin
(234 bp) was used as a positive control. (M: Minutes, H: Hours and L: Molecular Markers). Imax: Maximum florescence.

In several pathologies it has been found a negative regulation
of COXIV in their apoptotic cells.[11–17, 28, 29] We can thus
speculate that inhibition of COXIV obtained in this work by
IL-2 is the mechanism by which this molecule initiates cell
death. It would be interesting to evaluate the mechanisms
by which this inhibition takes place and its possible clinical
applications. Because COXIV, the molecular compound re-
sponsible to oxidize cytochrome-C, was completely inhibited
by IL-2, while that of COXIII responsible for its reduction
remained active the accumulation of its reduced form inside
the mitochondria and its probable release in this state into
the cytoplasm to induce apoptosis is expected. There is a
controversy whether cytochrome-C has either to be secreted

in its oxidized form or in its reduced one,[10, 29] or even that
both are equally effective,[30] in this respect in this work we
provide evidence that the secretion of its reduced form is
capable to induce apoptosis.

Our results opens a new strategy to treat tumors whose cells
express IL-2R by inducing apoptosis with IL-2 without the
need to activate the immunological system and thus avoid-
ing a high systemic toxicity. Epithelial cells, endothelial
cells, neurons, and hepatocytes have been shown to express
IL-2R[31] in consequence it would be interesting to evaluate
whether their tumor cells continue to express this receptor
and its susceptibility to be treated by this methodology.
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Figure 15. Amplification products for COX IV-FeS (242 bp) in CALO cell line. A) Without IL-2, B) With IL-2. β-actin(
234 bp) was used as a positive control. (M: Minutes, H: Hours and L: Molecular Markers). Imax: Maximum florescence.

Figure 16. Amplification products for COX IV-FeS (242 bp) in INBL cell line. A) Without IL-2. B) With IL-2. β-actin
(234) bp was used as a positive control. (M: Minutes, H: Hours and L: Molecular Markers). Imax: Maximum florescence.

ACKNOWLEDGEMENTS
This work was supported by grants from DGAPA-UNAM,
PAPIIT IN-215713, PAPIME PE-206615 and PE-207117.

We thank José G. Chavarria-Mancilla and Biol. Guadalupe
Gómez for excellent technical support.

REFERENCES

[1] Mule J, Shu S, Rosenberg SA. The anti-tumor efficacy of lymphokine-
activated killer cells and recombinant interleukin 2 in vivo. J Im-
munology. 1985; 135(1): 646-52. https://doi.org/10.4049/ji
mmunol.1801187

[2] Rosenberg SA, Lotze MT, Muul LM, et al. A progress report on the
treatment of 157 patients with advanced cancer using lymphokine-
activated killer cells and interleukin-2 or high-dose interleukin-2
alone. New England Journal of Medicine. 1987; 316(15): 889-97.
https://doi.org/10.1056/NEJM192802231980115

Published by Sciedu Press 31

https://doi.org/10.4049/jimmunol.1801187
https://doi.org/10.4049/jimmunol.1801187
https://doi.org/10.1056/NEJM192802231980115


http://jst.sciedupress.com Journal of Solid Tumors 2019, Vol. 9, No. 1

[3] Muranski P, Boni A, Wrzesinski C, et. al. Increased intensity lym-
phodepletion and adoptive immunotherapy-how far can we go? Nat
Clin Pract Oncol. 2006; 3(12): 668-81. https://doi.org/10.1
038/ncponc1066

[4] Rangel-Corona R, Corona-Ortega T, Soto-Cruz I, et al. Evidence
that cervical cancer cells secrete IL-2, which becomes an autocrine
growth factor. Cytokine. 2010; 50(3): 273-7. https://doi.org/
10.1016/j.cyto.2010.02.013

[5] Weiss B, Santiago E, Rangel R, et al. Therapeutic Alternatives for
Cancer. Advances in Cancer Research at UNAM Ed. Programa Uni-
versitario de Investigación en Salud, UNAM and El Manual Moderno.
2007; 249-268.

[6] Elmore S. Apoptosis: a review of programmed cell death. Toxicol
Pathol. 2007; 35(4): 495-516. https://doi.org/10.1177/0192
623318811592

[7] Lakhani SA, Masud A, Kuida K, et. al. Caspases 3 and 7: key media-
tors of mitochondrial events of apoptosis. 2006; 311(5762): 847-51.
https://doi.org/10.1126/science.aav3421

[8] Enari M, Sakahira H, Yokoyama H, et al. A caspase-activated DNase
that degrades DNA during apoptosis, and its inhibitor ICAD. Nature.
1998; 391(6662): 43-50. PMid:9422506. https://doi.org/10.1
038/34112

[9] Tyurina Y, Shvedova A, Kawai K, et al. Phospholipid signaling in
apoptosis: peroxidation and externalization of phosphatidylserine.
Toxicology. 2000; 148(2): 93-101. https://doi.org/10.1016/
j.tox.2018.12.003

[10] Borutaite V. Mitochondria as decision-makers in cell death. Environ
Mol Mutagen. 2010; 51(5): 406-16.

[11] Huttemann M, Helling S, Sanderson TH, et al. Regulation of mi-
tochondrial respiration and apoptosis through cell signaling: cy-
tochrome c oxidase and cytochrome c in ischemia/reperfusion in-
jury and inflammation. Biochimica et Biophysica Acta (BBA)-
Bioenergetics. 2012; 1817(4): 598-609.

[12] Yang M, Chen P, Peng H, et al. Cytochrome C oxidase expression and
endothelial cell apoptosis in lungs of patients with chronic obstructive
pulmonary disease. Zhonghua Jie He He Hu Xi Za Zhi. 2010; 33(9):
665-9.

[13] Pramanik KC, Boreddy SR, Srivastava SK. Role of mitochondrial
electron transport chain complexes in capsaicin mediated oxidative
stress leading to apoptosis in pancreatic cancer cells. PloS one. 2011;
6(5): e20151. https://doi.org/10.1371/journal.pone.002
0151

[14] Zhong Y, Hu Y, Peng W, et al. Age-related decline of the cytochrome
c oxidase subunit expression in the auditory cortex of the mimetic
aging rat model associated with the common deletion. Hear Res.
2012: 294(1-2): 40-8. https://doi.org/10.1016/j.heares.2
016.10.030

[15] Zhang JW, Zhang SS, Song JR, et al. Autophagy inhibition switches
low-dose camptothecin-induced premature senescence to apoptosis
in human colorectal cancer cells. Biochem Pharmacol. 2014; 90(3):
265-75. https://doi.org/10.4172/2167-0501.1000225

[16] Levy RJ, Vijayasarathy C, Raj NR, et al. Competitive and noncompet-
itive inhibition of myocardial cytochrome C oxidase in sepsis. Shock.
2004; 21(2): 110-4. https://doi.org/10.1056/NEJMra120894
3

[17] Schull S, Gunther SD, Brodesser S, et al. Cytochrome c oxidase
deficiency accelerates mitochondrial apoptosis by activating ce-
ramide synthase 6. Cell Death Dis. 2015; 6(3): e1691. https:
//doi.org/10.1038/cddis.2015.62

[18] Caceres-Cortes JR, Alvarado-Moreno JA, Waga K, et al. Implication
of tyrosine kinase receptor and steel factor in cell density-dependent
growth in cervical cancers and leukemias. Cancer Research. 2001;
61(16): 6281-9. https://doi.org/10.1080/10611860903012
810

[19] Waldmann TA. Cytokines in Cancer Immunotherapy. Cold Spring
Harb Perspect Biol. 2018; 3-10(12). pii: a028472. https://doi.
org/10.1101/cshperspect.a028472

[20] Kondapaneni M, McGregor JR, Salvemini D, et al. Inducible Ni-
tric Oxide Synthase (iNOS) is Not Required for IL-2–induced Hy-
potension and Vascular Leak Syndrome in Mice. J Immunother.
2008; 31(4): 325-33. https://doi.org/10.1097/CJI.0b013e
31816112e8

[21] Boyman O, Kolios AG, Raeber ME. Modulation of T cell responses
by IL-2 and IL-2 complexes. Clin Exp Rheumatol. 2015; 33(4 s 92):
S54-7. https://doi.org/10.3899/jrheum.180550

[22] Ridolfi R, Chiarion-Sileni V, Guida M, et al. Cisplatin, dacarbazine
with or without subcutaneous interleukin-2, and interferon alpha-2b
in advanced melanoma outpatients: results from an Italian multicen-
ter phase III randomized clinical trial. J Clin Oncol. 2002 15; 20(6):
1600-7.

[23] Abbate I, Correale M, Musci MD, et al. Modification of soluble
immunological parameters during treatment with interleukin-2. Int
J Biol Markers. 1993; 8(4): 227-32. https://doi.org/10.1177/
1724600818799876

[24] Marciscano AE, Madan RA. Targeting the Tumor Microenvironment
with Immunotherapy for Genitourinary Malignancies. Curr Treat
Options Oncol. 2018 8; 19(3): 16. https://doi.org/10.1007/
s11864-018-0523-3

[25] Khong B, Lawson BO, Ma J, et al. Rigor prophylaxis in stage IV
melanoma and renal cell carcinoma patients treated with high dose
IL-2. BMC Cancer. 2018; 18(1): 1007.

[26] Rangel-Corona R, Corona-Ortega T, del Rio-Ortiz I, et al. Cationic
liposomes bearing IL-2 on their external surface induced mice leuko-
cytes to kill human cervical cancer cells in vitro, and significantly
reduced tumor burden in immunodepressed mice. J Drug Target.
2011; 19(2): 79-85. https://doi.org/10.3109/106118610037
33920

[27] Corona-Ortega T, Rangel-Corona R, Hernandez-Jimenez M, et al.
Characterization of cationic liposomes having IL-2 expressed on
their external surface, and their affinity to cervical cancer cells ex-
pressing the IL-2 receptor. J Drug Target. 2009; 17(7): 496-501.
https://doi.org/10.1080/10611860903012810

[28] Li Y, Park JS, Deng JH, et al. Cytochrome c oxidase subunit IV
is essential for assembly and respiratory function of the enzyme
complex. J Bioenerg Biomembr. 2006; 38(5-6): 283-91. https:
//doi.org/10.1007/s10863-018-9775-7

[29] Brown GC, Borutaite V. Regulation of apoptosis by the redox state of
cytochrome c. Biochimica et Biophysica Acta (BBA)-Bioenergetics.
2008; 1777(7): 877-81. PMid:18439415. https://doi.org/10.1
016/j.bbabio.2008.03.024

[30] Mendez DL, Akey IV, Akey CW, et al. Oxidized or Reduced Cy-
tochrome c and Axial Ligand Variants All Form the Apoptosome in
vitro. Biochemistry. 2017; 56(22): 2766-2769. https://doi.org/
10.1021/acs.biochem.7b00309

[31] Stonans I, Stonane E, Russwurm S, et al. Hep G2 human hepatoma
cells express multiple cytokine genes. Cytokine. 1999; 11(2): 151-6.
https://doi.org/10.1097/AIA.0b013e318034194e

32 ISSN 1925-4067 E-ISSN 1925-4075

https://doi.org/10.1038/ncponc1066
https://doi.org/10.1038/ncponc1066
https://doi.org/10.1016/j.cyto.2010.02.013
https://doi.org/10.1016/j.cyto.2010.02.013
https://doi.org/10.1177/0192623318811592
https://doi.org/10.1177/0192623318811592
https://doi.org/10.1126/science.aav3421
https://doi.org/10.1038/34112
https://doi.org/10.1038/34112
https://doi.org/10.1016/j.tox.2018.12.003
https://doi.org/10.1016/j.tox.2018.12.003
https://doi.org/10.1371/journal.pone.0020151
https://doi.org/10.1371/journal.pone.0020151
https://doi.org/10.1016/j.heares.2016.10.030
https://doi.org/10.1016/j.heares.2016.10.030
https://doi.org/10.4172/2167-0501.1000225
https://doi.org/10.1056/NEJMra1208943
https://doi.org/10.1056/NEJMra1208943
https://doi.org/10.1038/cddis.2015.62
https://doi.org/10.1038/cddis.2015.62
https://doi.org/10.1080/10611860903012810
https://doi.org/10.1080/10611860903012810
https://doi.org/10.1101/cshperspect.a028472
https://doi.org/10.1101/cshperspect.a028472
https://doi.org/10.1097/CJI.0b013e31816112e8
https://doi.org/10.1097/CJI.0b013e31816112e8
https://doi.org/10.3899/jrheum.180550
https://doi.org/10.1177/1724600818799876
https://doi.org/10.1177/1724600818799876
https://doi.org/10.1007/s11864-018-0523-3
https://doi.org/10.1007/s11864-018-0523-3
https://doi.org/10.3109/10611861003733920
https://doi.org/10.3109/10611861003733920
https://doi.org/10.1080/10611860903012810
https://doi.org/10.1007/s10863-018-9775-7
https://doi.org/10.1007/s10863-018-9775-7
https://doi.org/10.1016/j.bbabio.2008.03.024
https://doi.org/10.1016/j.bbabio.2008.03.024
https://doi.org/10.1021/acs.biochem.7b00309
https://doi.org/10.1021/acs.biochem.7b00309
https://doi.org/10.1097/AIA.0b013e318034194e

	Introduction
	Materials and methods
	Reagents
	Cell lines
	Flow cytometry for annexin and caspase 3
	DNA fragmentation assay
	Reverse transcription
	PCR amplification
	Confocal microscopy

	Results
	IL-2 induces the expression of phosphatidylserine in the external surface of CALO and INBL cellular membranes
	IL-2 induces DNA fragmentation on CALO and INBL cells
	IL-2 induces the expression of an active caspase 3 on CALO and INBL cells
	IL-2 induces cytochrome-C in CALO and INBL
	Cytochrome-C is augmented in CALO and INBL by IL-2
	IL-2 does not alter COX I, COX II and COX III on CALO and INBL while COX IV is completely inhibited

	Discussion

