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Introduction
Ellagic acid (EA) is a polyphenol existing in one of the most ancient 

fruits, i.e., pomegranate, also known by its botanical name Punica 
granatum. The tree has been cultivated since centuries, it has been 
depicted in the mosaics of Pompeii [1], and even recommended by 
Avicenna for treatment of uterine bleeding [2]. Moreover, the fruit has 
been considered as sacred by foremost religions, for reasons thoroughly 
described by Langley [3]. The fruit’s juice has been highly appreciated 
following years of medical experience and research studies suggesting 
that its intake is linked with beneficial health properties such as anti-
inflammation, antioxidant and anti-proliferative activities [4,5]. In 
addition, a long list of therapeutic applications has been attributed to 
pomegranate and its juice, such as cardiovascular conditions, reduction 
of elevated blood pressure, diabetes and dental problems [5,6]. The anti-
inflammatory and anti-proliferative effect of EA warrants particular 
interest. A substantial number of studies have indicated that there is 
a close association between chronic inflammation and carcinogenesis 
(Figure 1). Development of colorectal cancer in patients suffering 
from ulcerative colitis or Crohn’s disease is an appropriate example 
for this coexistence [7]. Although genetic predisposition cannot 
be excluded, clinical observations such as extended and prolonged 
duration of inflammation, coexistence of additional inflammatory 
conditions and the ability of anti-inflammatory drugs to slow-down 
cancer development support the role of the inflammatory process in 
cancerogenesis [8-10]. In this sense the function of mononuclear cells 
and particularly the macrophages as leaders in the battle against cancer 
development should be acknowledged. To be effective in that task, these 
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of flat bottom 96 well plates and incubated for 24 hrs with either DMSO 
(10 µl/ml) or EA at concentrations of 5 µg/ml, 10 µg/ml and 20 µg/ml. At 
the end of the incubation period, the cells were stained for proliferation 
according to the manufacturer’s instructions. The plates were incubated 
for 2-4 hrs at 37°C in a humidified atmosphere containing 5% CO2 and 
the absorbance was measured at 450 nm using ELISA reader.

Effect of EA on cytokine production

0.4 ml of PBMC (4 × 106/ml of CM) was incubated with 0.4 ml of 
CM without and with LPS (100 ng/ml) or PMA/ionomycin (1 µg/0.5 
µg/ml respectively). In another set of experiments, 0.4 ml of PBMC (4 
× 106/ml of CM) were incubated with 0.4 ml cells of one of the colon 
cancer lines (4 × 101/ml) suspended in appropriate CM. EA was added 
at the onset of cultures at concentrations as indicated above. Control 
cultures contained DMSO at 10 µl/ml. The cultures were maintained for 
24 hrs at 37°C in a humidified atmosphere containing 5% CO2. At the 
end of the incubation period the cells were removed by centrifugation 
at 450 g for 10 min, the supernatants were collected and kept at -70°C 
until assayed for cytokine content.

Cytokine content in the supernatants

The concentration of TNFα, IL-1β, IL-6, IFNγ, IL-2, IL-10, and IL-
1ra in the supernatants was tested using ELISA kits specific for these 
cytokines (Biosource International, Camarillo, CA), as detailed in the 
guide-line provided by the manufacturer. The detection levels of these 
kits were: 15 pg/ml for IL-6 and 30 pg/ml for the remaining ones.

Statistics

A linear mixed model with repeated measures and assumption of 
compound symmetry (CS) was used to assess the effect of different 
concentrations of EA on spontaneous cytokine secretion by PBMC 
or that induced by mitogens or by colon cancer cells. SAS vs 9.4 were 
used for this analysis. Paired t-test was applied to compare between the 
level of cytokines produced with various concentrations of EA and that 
found in control cultures. Probability values of p<0.05 were considered 
as significant. The results are expressed as mean ± SEM. 

Results
Effect of EA on cell viability 

Incubation of PBMC for 24 hrs with 10 and 20 µg/ml of EA 
revealed reduced cell proliferation (F2,10=8.22, p=0.0077) being 
significantly lower at EA concentration of 20 µg/ml by 29% (p=0.015). 
24 hrs of incubation of either HT-29 or RKO colon cancer cells with 
concentrations of EA between 5 µg/ml and 20 µg/ml had no effect on 
cell proliferation examined by XTT cell proliferation test (F3,24=2.09, 
p=0.128 and F3,24=2.3, p=0.108, respectively, Table 1).

Effect of EA on spontaneous secretion of cytokines 

The spontaneous production of all cytokines tested in the current 
study was not modified by 24 hrs of incubation of PBMC with EA at 
concentrations as indicated (p>0.1, Tables 2 and 3).

Effect of EA on cytokine production induced by LPS or PMA 

LPS induced TNFα generation was not affected by 24 hrs of 
incubation with EA at concentrations as indicated (F3,15=1.84, 
p=0.183). LPS- stimulated IL-1β, IL-6, IL-10 and IL-1ra production 
and PMA promoted IFNγ secretion were dose depende
(o e�)6 (e5 Tm
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EAµg/ml �7�1�)�.�������Q�J���P�O
(n=6)

�,�/�����������Q�J���P�O
(n=6)

IL-6, ng/ml
(n=6)

�,�)�1�������Q�J���P�O
(n=6)

Mean ± SEM P* Mean ± SEM P* Mean ± SEM P* Mean ± SEM P*
HT-29-induced

0 ����������� 7.40 ± 0.47 27.44 ± 3.32 �����������
5 ����������� NS ����������� 0.002 ������������ 0.02 2.00 ± 0.32 NS

10 0.57 ± 0.07 NS 5.75 ± 0.49 <0.001 ������������ 0.013 1.82 ± 0.23 NS
20 ����������� ������ 3.47 ± 0.29 <0.001 13.39 ± 2.31 <0.001 ����������� 0.049

RKO-induced
0 0.58 ± 0.09 5.54 ± 0.70 ������������ �����������
5 ����������� NS 5.57 ± 0.90 NS ������������ 0.004 2.99 ± 0.40 NS
10 ����������� NS 4.12 ± 0.44 0.018 23.40 ± 3.32 0.03 3.41 ± 0.43 NS
20 0.47 ± 0.08 0.047 2.50 ± 0.44 0.001 ������������ <0.001 ����������� NS

Note: PBMC were incubated for 24 hrs with HT-29 or RKO colon cancer cells in the absence (0) or the presence of EA at concentrations as indicated. The level of cytokines 
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 a n d  
i n  e x p e r i m e n t a l  m o d e l s  i n  v i v o

 [ 2 2 ] .  M C F - 7  b r e a s t  c a n c e r  c e l l s  t r e a t e d  
w i t h  E A  s h o w e d  i n h i b i t e d  p r o l i f e r a t i o n  d u e  t o  i n t e r f e r e n c e  w i t h  t h e  c e l l  c y c l e  [ 2 3 , 2 4 ] .  C e l l  p r o l i f e r a t i o n  a s s a y s  i n  t h e  p r e s e n t  s t u d y  s h o w e d  t h a t  
E A  d o e s  n o t  a ff e c t  c a n c e r  c e l l s  o f  t h e  b o t h  l i n e s .  Th e s e  r e s u l t s  a r e  r a t h e r  
u n a n t i c i p a t e d  s i n c e  t h e y  a r e  i n  c e r t a i n  d i s c o r d a n c e  w i t h  r e p o r t s  i n  t h e  
l i t e r a t u r e .  O b s e r v a t i o n s  d e m o n s t r a t i n g  t h e  i n h i b i t o r y  e ff e c t  o f  E A  o n  
c e l l  p r o l i f e r a t i o n  h a v e  b e e n  r e p o r t e d  w i t h  c o l o n  a n d  p r o s t a t e  c a n c e r  
c e l l s  [ 2 5 - 2 7 ] .  A d m i n i s t r a t i o n  o f  E A  t o  r a t s  w i t h  d i m e t h y l h y d r a z i n e  i n d u c e d  c o l o n  c a r c i n o m a  r e s u l t e d  i n  m a r k e d  i n h i b i t i o n  o f  a  n u m b e r  o f  

i n fl a m m a t o r y  m e d i a t o r s  i n c l u d i n g  I L - 6  a n d  T N F α  [ 2 8 ] .  U m e s a l m a  e t  a l .  [ 2 9 ]  h a v e  s h o w n  t h a t  E A  w a s  a b l e  t o  d e c r e a s e  p r o l i f e r a t i o n  o f  H C T - 1 5  
c o l o n  a d e n o c a r c i n o m a  c e l l s  v i a  i n h i b i t i o n  o f  a l k a l i n e  p h o s p h a t a s e  a n d  l a c t a t e  d e h y d r o g e n a s e  a c t i v i t i e s .  S i m i l a r  fi n d i n g s  h a v e  b e e n  r e p o r t e d  w i t h  H C T - 1 1 6  a n d  C a C o - 2  c o l o n  c a n c e r  c e l l s  l i n e s  [ 3 0 - 3 2 ] .  I n h i b i t e d  
c e l l  p r o l i f e r a t i o n  b y  E A  h a s  b e e n  r e p o r t e d  i n  s e v e r a l  t y p e s  o f  m a l i g n a n t  
c e l l s  s u c h  a s  h u m a n  g l i o b l a s t o m a  c e l l s  [ 3 3 ]  a n d  h u m a n  p a n c r e a t i c  
c a r c i n o m a  c e l l s  [ 3 4 ] .  H u m a n  a d e n o c a r c i n o m a  e p i t h e l i a l  c e l l s  ( A 5 4 9 )  t r e a t e d  w i t h  E A  s h o w e d  r e p r e s s e d  I L - 8  a n d  T N F α  p r o d u c t i o n  [ 3 5 ] .  A p p a r e n t l y ,  t h e  a n t i - p r o l i f e r a t i v e  e ff e c t  o f  E A  i s  e x p r e s s e d  b y  a  s e v e r a l  
m e c h a n i s m s  r e v i e w e d  b y  C h e n  e t  a l .  [ 3 4 ]  a n d  Z h a n g  e t  a l .  [ 3 6 ] .  Th e  
d i s c r e p a n c y  b e t w e e n  t h e s e  r e p o r t s  a n d  o u r  fi n d i n g s  m i g h t  b e  r e l a t e d  t o  t h e  t y p e  o f  c e l l s ,  E A  c o n c e n t r a t i o n  a n d  t h e  m e t h o d s  a p p l i e d  t o  a s s e s s  c e l l  p r o l i f e r a t i o n .  Th u s ,  w h i l e  p o m e g r a n a t e  j u i c e  w a s  s h o w n  t o  
i n h i b i t  H T - 2 9  c o l o n  c a n c e r  c e l l s  p r o l i f e r a t i o n ,  E A  i t s e l f ,  s i m i l a r l y  t o  o u r  
fi n d i n g s  w a s  f u t i l e  [ 3 7 ] .  

Th e  m a i n  o u t c o m e  f r o m  t h e  c u r r e n t  s t u d y  w a s  t h e  a c t i v i t y  t h a t  v a r i o u s  E A  c o n c e n t r a t i o n s  e x e r t e d  o n  t h e  c r o s s - t a l k  b e t w e e n  i m m u n e  
a n d  c a n c e r  c e l l s .  W h i l e  l o w e r  E A  c o n c e n t r a t i o n s  d e c r e a s e d  I L - 1 β ,  
I L - 6 ,  I L - 1 r a  a n d  I L - 1 0  p r o d u c t i o n  b y  P B M C  i n c u b a t e d  w i t h  H T - 2 9  
c e l l s ,  h i g h e r  c o n c e n t r a t i o n  i n h i b i t e d  t h e  p r o d u c t i o n  o f  a l l  c y t o k i n e s  e x a m i n e d ,  e x c e p t  I F N γ .  A  c o n c e n t r a t i o n  d e p e n d e n t  i n h i b i t o r y  e ff e c t  w a s  o b s e r v e d  a l s o  w h e n  E A  w a s  a d d e d  t o  P B M C  c o - c u l t u r e d  w i t h  
R K O  c e l l s .  H o w e v e r ,  i n  t h a t  s e t t i n g ,  h i g h e r  d o s e s  o f  E A  d i d  n o t  a ff e c t  
I F N γ  a n d  I L - 1 0  p r o d u c t i o n .  I t  i s  r e a s o n a b l e  t o  a s s u m e  t h a t  i n h i b i t e d  s e c r e t i o n  o f  p r o - i n fl a m m a t o r y  c y t o k i n e s  w i l l  r e d u c e  t h e  p r o c e s s  o f  i n fl a m m a t i o n  a n d  w i l l  c a u s e  a  d e c e l e r a t i o n  i n  c a n c e r  p r o g r e s s  [ 3 8 ] .  I t  i s  n o t a b l e  t h a t  i n  t h e  l i v i n g  o r g a n i s m  t i s s u e  a s s o c i a t e d  m a c r o p h a g e s  a r e  
t i g h t l y  r e l a t e d  t o  t u m o r  g r o w t h  a n d  p r o g r e s s  i n  a d d i t i o n  t o  P B M C ,  a s  i t  
h a s  b e e n  r e v i e w e d  b y  B i n g l e  e t  a l .  [ 3 9 ] .  
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Conclusion 
The observations in the present work suggest that the altered 

immune cross-talk between PBMC and colon carcinoma cells, at 
least from the two lines examined, is indicative for the existence of an 
additional mechanism by which cells specialized in immune protection 
may abolish cancer progression.

Acknowledgement 

The authors thank to Ms. Tzippy Shochat, MSc, Statistical Consultant, Rabin 
Medical Center, Beilinson Hospital, for her indispensable help in the statistical 
calculations.

References

1. Melillo L (1994) Diuretic plants in the paintings of Pompeii. Am J Nephrol 14:
423- 425.

2. Mobli M, Qaraaty M, Amin G, Haririan I, Hajimahmoodi M, et al. (2015)
6FLHQWL¿F� HYDOXDWLRQ� RI� PHGLFLQDO� SODQWV� XVHG� IRU� WKH� WUHDWPHQW� RI� DEQRUPDO�
uterine bleeding by Avicenna. Arch Gynecol Obstet 292: 21-35. 

3.	 Langley P (2000) Why a pomegranate? BMJ 321: 1153-1154.

4.	 Sreekumar S, Sithul H, Muraleedharan P, Azeez JM, Sreeharshan S (2014)
Pomegranate fruit as a rich source of biologically active compounds. Biomed
Res Int. 

5.	 Jurenka JS (2008) Therapeutic applications of pomegranate (Punica granatum 
L.): A review. Altern Med Rev 13: 128-144.

��	 Sahebkar A, Ferri C, Giorgini P, Bo S, Nachtigal P, et al. (2017) Effects of
pomegranate juice on blood pressure: A systematic review and meta-analysis
RI�UDQGRPL]HG�FRQWUROOHG�WULDOV��3KDUPDFRO�5HV�������������. 

7.	 <DQJ�*<��7DERDGD�6��/LDR�-�������� ,QÀDPPDWRU\�ERZHO�GLVHDVH��$�PRGHO�RI�
FKURQLF�LQÀDPPDWLRQ�LQGXFHG�FDQFHU��0HWKRGV�0RO�%LRO�������������. 

8.	 ,W]NRZLW]�6+��<LR�;� ������� ,QÀDPPDWLRQ�DQG�FDQFHU� ,9��&RORUHFWDO�FDQFHU� LQ�
LQÀDPPDWRU\�ERZHO�GLVHDVH��WKH�UROH�RI�LQÀDPPDWLRQ��$P�-�3K\VLRO�*DVWURLQWHVW�
Liver Physiol 287: G7-17.

9.	 7ULDQWD¿OOLGLV� -.�� 1DVLRXODV� *�� .RVPLGLV� 3$� ������� &RORUHFWDO� FDQFHU� DQG�
LQÀDPPDWRU\� ERZHO� GLVHDVH�� HSLGHPLRORJ\�� ULVN� IDFWRUV�� PHFKDQLVPV� RI�
carcinogenesis and prevention strategies. Anticancer Res 29: 2727-2737.

10.	.UDXV� 6�� $UEHU� 1� ������� ,QÀDPPDWLRQ� DQG� FRORUHFWDO� FDQFHU�� &XUU� 2SLQ�
Pharmacol 9: 405-410. 

11.	&DX[�&��5DPRV�51��3UHQGHUJDVW�*&��%HQGULVV�9HUPDUH�1��0pQpWULHU�&DX[�&�
�������$�PLOHVWRQH�UHYLHZ�RQ�KRZ�PDFURSKDJHV�DIIHFW�WXPRU�JURZWK��&DQFHU�
5HV��������������. 

12.	Bessler H, Djaldetti M (2010) Role of the equilibrium between colon cancer and 
PRQRQXFOHDU�FHOOV�LQ�F\WRNLQH�SURGXFWLRQ��%LRPHG�3KDUPDFRWKHU������������. 

13.	Shema-Didi L, Sela S, Ore L, Shapiro G, Geron R, et al. (2012) One year
RI� SRPHJUDQDWH� MXLFH� LQWDNH� GHFUHDVHV� R[LGDWLYH� VWUHVV�� LQÀDPPDWLRQ�� DQG�
incidence of infections in hemodialysis patients: a randomized placebo-
controlled trial. Free Radic Biol Med 53: 297-304. 

14.	Promsong A, Chung WO, Satthakarn S, Nittayananta W (2015) Ellagic acid
modulates the expression of oral innate immune mediators: potential role in
mucosal protection. J Oral Pathol Med 44: 214-221. 

15.	Gracious RR, Selvasubramanian S, Jayasundar S (2001) Immunomodulatory
activity of Punica granatum in rabbits: A preliminary study. J Ethnopharmacol
78: 85-92.

���	Allen CT, Peden-Adams MM, EuDaly J, Keil DE (2003) Subchronic exposure to 
ellagic acid impairs cytotoxic T-cell function and suppresses humoral immunity
in mice. Immunopharmacol Immunotoxicol 25: 409-422.

17.	6HR�&6��-HRQJ�6-��<RR�65��/HH�15��6KLQ�+.��������4XDQWLWDWLYH�DQDO\VLV�DQG�
LQ�YLWUR�DQWL�LQÀDPPDWRU\�HIIHFWV�RI�JDOOLF�DFLG��HOODJLF�DFLG��DQG�TXHUFHWLQ�IURP�
radix sanguisorbae. Pharmacogen Mag 12: 104-108. 

18.	Anderson KC, Teuber SS (2010) Ellagic acid and polyphenolics present
in walnut kernels inhibit in vitro human peripheral blood mononuclear cell
SUROLIHUDWLRQ�DQG�DOWHU�F\WRNLQH�SURGXFWLRQ��$QQ�1�<�$FDG�6FL������������. 

19.	Bessler H, Djaldetti M (2017) Capsaicin modulates the Immune cross talk
between human mononuclears and cells from two colon carcinoma lines. Nutr

&DQFHU����������. 

20.	%HVVOHU� +�� 'MDOGHWWL� 0� ������� 9LWDPLQ� %�� PRGL¿HV� WKH� LPPXQH� FURVV�WDON�
EHWZHHQ�PRQRQXFOHDU�DQG�FRORQ�FDUFLQRPD�FHOOV��)ROLD�%LRO��3UDKD������������

21.	Djaldetti M, Bessler H (2017) Probiotic strains modulate cytokine production
and the immune interplay between human peripheral blood mononuclear cells
DQG�FRORQ�FDQFHU�FHOOV��)(06�0LFURELRO�/HWW���������. 

22.	$GKDPL� 90�� .KDQ� 1�� 0XNKWDU� +� ������� &DQFHU� FKHPRSUHYHQWLRQ� E\�
SRPHJUDQDWH��/DERUDWRU\�DQG�FOLQLFDO�HYLGHQFH��1XWU�&DQFHU������������. 

23.	Chen HS, Bai MH, Zhang T, Li GD, Liu M (2015) Ellagic acid induces cell cycle 
DUUHVW�DQG�DSRSWRVLV�WKURXJK�7*)�ȕ�6PDG��VLJQDOLQJ�SDWKZD\�LQ�KXPDQ�EUHDVW�
FDQFHU�0&)���FHOOV��,QW�-�2QFRO��������������. 

24.	9LQL�5��6UHHMD�6� �������3XQLFD�JUDQDWXP�DQG� LWV� WKHUDSHXWLF� LPSOLFDWLRQV�RQ�
breast carcinogenesis: A review. Biofactors 41: 78-89. 

25.	Khan SA (2009) The role of pomegranate (Punica granatum L.) in colon cancer. 
3DN�-�3KDUP�6FL�������������

���	Bell C, Hawthorne S (2008) Ellagic acid, pomegranate and prostate cancer: A 
PLQL�UHYLHZ��-�3KDUP�3KDUPDFRO������������. 

27.	(VNDQGDUL�(��+HLGDULDQ�(��$PLQL�6$��6DIIDUL�&KDOHVKWRUL�-��������(YDOXDWLQJ�WKH�
effects of ellagic acid on pSTAT3, pAKT, and pERK1/2 signaling pathways in
SURVWDWH�FDQFHU�3&��FHOOV��-�&DQFHU�5HV�7KHU��������������. 

28.	Umesalma S, Sudhandiran G (2010) Differential inhibitory effects of the
SRO\SKHQRO�HOODJLF�DFLG�RQ�LQÀDPPDWRU\�PHGLDWRUV�1)�NDSSD%��L126��&2;����
71)�DOSKD��DQG�,/���LQ�����GLPHWK\OK\GUD]LQH�LQGXFHG�UDW�FRORQ�FDUFLQRJHQHVLV��
%DVLF�&OLQ�3KDUPDFRO�7R[LFRO�������������. 

29.	Umesalma S, Nagendraprabhu P, Sudhandiran G (2015) Ellagic acid inhibits
proliferation and induced apoptosis via the Akt signaling pathway in HCT-15

	Corresponding author

