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Ribosome-Inactivating Proteins (RIPs) 

RTA has only two lysine residues while lysine residues can account for  
Up to 10% total amino acids in type I RIP. 

Toxins, 2010, 2, 2699-2737 



Ribosome Inactivating Protein (RIP)	  

3	  

Ricin is comprised of two chains, an A-chain which possesses the 

catalytic ribosome inactivating activity and a B-chain which has a lectin-

like activity binding to galactose on the cell surface which confers 

nonspecific binding and hence toxicity. Both the A- and B-chains of ricin 

are glycosylated. 

 

Saporin is a single chain, ribosome inactivating protein (RIP) which 

consequently has no lectin-like binding activity and is not glycosylated 

in the native form. Saporin is therefore safer to handle. 



Mechanism of action of ribosome-inactivating proteins 
(RIPs)	  

Drug Discovery Today, 2012, 17, 775-783 

The ricin A-chain removes a single adenine 
residue from position 4324 in the 28S rRNA of 
rat liver ribosomes, defining RIPs as ribosome-
specific N-glycosidases. 



Plant defense 

•  RIPs may potentially inactivate ribosomes in the same cells in which they 
are synthesized and they are found sequestered into vacuoles, protein 
bodies, or cell walls. 

 

•  When plants are wounded, for instance during viral infection, RIPs may be 
released from their intracellular compartments 



Ricin uptake by cell 

Drug Discovery Today, 2012, 17, 775-783 



•  Saporin-S6 was taken up by cells mainly through receptor-independent 
endocytosis. 

 
•  There is evidence of saporin-S6 localization within the ER, Golgi 

apparatus and nucleus in HeLa cells, indicating that saporin-S6 can reach 
various intracellular compartments, possibly by more than one pathway.  

•  Saporin-S6 was found localized intracellularly within 20 minutes of 
exposure. 

Saporin uptake by cell 

Toxins, 2013, 5, 1698-1722 
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Cell Death Induced by Ricin	  
•  Deproteinized (naked) RNA, synthetic oligoribonucleotides, nuclear and 

mitochondrial DNA, polyA, tRNA and viral nucleic acids were reported to 
be depurinated by purified type II RIPs. 

•  Ricin-induced caspase-3 activation. 

•  Ricin-induced cellular changes associated with apoptotic cell death. 

•  Chromatin condensation and DNA fragmentation. 

•  Involvement of reactive oxygen species (ROS), upstream of caspase-3 
activation in signal transduction pathways leading to apoptosis. 

•  Multiple proteases with different preferences for apoptotic substrates 
participate in the cellular stress-induced mitochondrial pathway. 

Antibodies, 2013, 2, 236-269 



Cell Death Induced by Saporin-S6 

•  In mice, an LD50 of 4.0 mg of RIP/Kg of body weight. 

•  Intoxicated animals showed significant lesions in only three organs: the liver, 
spleen and kidney. 

•  The first descriptions that saporin-S6 is able to kill cells via apoptosis were 
reported in 1996. 

•  In 2008, it was reported that the onset of apoptosis is independent of protein 
synthesis inhibition. 

•  Cell death by saporin-S6 may be induced by various cell injuries, including 
the inhibition of protein synthesis through RIP activity and DNA damage, 
either via N-glycosylase activity or as a result of oxidative stress-induction 
or by other types of damage to the cell machinery that leads to apoptosis or 
different types of cell death. 



Ligand Targeted Toxins-Immunotoxins 

•  The term “immunotoxin” classically refers to molecules which consist of a 
protein toxin linked to a targeting moiety derived from the immune system 
(such as an antibody or an antibody fragment). 

•  First-generation RIP-based ITs were produced by chemically coupling 
native toxins to antibodies by the formation of disulfide bonds.  

•  Chemically coupled ITs have several advantages: they are relatively simple 
to produce at high yields, and they have good stability.  

•  The main disadvantage is represented by their heterogeneous composition. 



Three generations of immunotoxins 

Toxins 2010, 2, 2519-2583 



Toxins 2010, 2, 2519-2583 

NHL: non-Hodgkin’s lymphoma 

HD: Hodgkin’s disease 

GVHD: graft versus host disease 
NHL: non-Hodgkin’s lymphoma 

CLL: chronic lymphocytic leukemia 



Anti-cancer activity of anti-p185HER-2 ricin A chain 
immunotoxin on gastric cancer cells 

•  Overexpression of the human epidermal growth factor receptor 2 
(HER-2) protein has been detected in gastric cancer. 

•  Anti-cancer effects of anti-p185HER-2 ricin A chain (RTA) immunotoxin, 
alone or in combination with 5-flurouracil on SGC7901-HER-2+ cells. 

•  Anti-p185HER-2-RTA was prepared by chemical conjugation of anti-HER-2 
monoclonal antibody (mAb) and RTA.  

•  The SGC7901-HER-2+ cells were incubated with RTA, anti-p185HER-2-
RTA, and/or 5-flurouracil.  

•  The effects of drugs on cells were evaluated by MTT assay and Annexin 
V-fluorescein isothiocyanate and propidium iodide double staining flow 
cytometry.  

•  The expression of caspase-3, caspase-9, cyclooxygenase-2, and nuclear 
factor-kB/p65 were assayed by western blot. 

Journal of Gastroenterology and Hepatology, 2010, 25, 1266–1275 







The tumor growth situations of different groups 
in SGC7901-HER-2+ cells-transplanted nude 
mice on the 36th day after initial injection. 



Clinical evaluation of ricin A-chain immunotoxins in 
patients with Hodgkin’s lymphoma 

•  Hodgkin’s lymphoma (HL) is an excellent target for ITs since lymphocyte 
activation markers such as CD25 and CD30 are expressed in large 
numbers. 

•  The ITs RFT5.dgA (anti CD25) and Ki-4.dgA (anti CD30) were 
constructed by linking the monoclonal antibodies RFT5 and Ki-4 to 
deglycosylated ricin A-chain (dgA). 

•  In colcusion RFT5.dgA and Ki-4.dgA showed moderate efficacy in 
heavily pretreated refractory patients with HL. Ki-4.dgA was less well 
tolerated than RFT5.dgA. 

Annals of Oncology, 2003, 14, 729–736 



History of Saporin 



ITs (Saporin) Targeting Hematological Cells 

•  They have well-known and well-characterized surface molecules against 
which a panel of mAbs is available (mAbs against CD2, CD3 and CD5 ). 

•  Many surface antigens modulate and are effectively internalized after 
binding with specific Abs.  

•  Fresh cells may be easily tested for IT activity.  

•  Hematological neoplastic cells are easier to access and target in vivo 
compared to solid tumor cells.  



ATG (Anti-thymocyte globulins)-saporin-S6 
immunotoxin 

•  Anti-thymocyte globulins (ATG) consist of a mixture of polyclonal 
antibodies originally developed against T lymphocytes. ATG have been 
widely used for the last three decades to prevent graft-versus-host 
disease. 

 
•  The cytotoxic effect of ATG can been strengthened by conjugation to the 

RIP saporin-S6, one of the most stable and active type 1 RIPs. 
 
•  Antibody were conjugated via a disulphide bond between chemically 

inserted sulphydryl groups and purified by gel filtration on a Sephacryl 
S-200 high-resolution column. 

British Journal of Haematology,  2009, 147, 710–718 



Protein	  synthesis	  inhibi0on	  assay	  	  
on	  BJAB,	  HOM-‐2,	  JURKAT,	  RAJI,	  REH	  cell	  	  
lines	  treated	  with	  ATG-‐saporin-‐S6	  (filled	  circle)	  
or	  a	  mixture	  of	  unconjugated	  ATG	  and	  	  
saporin-‐S6	  (O).	  The	  HELA	  cell	  line	  was	  	  
used	  as	  non	  target	  control	  



Evalua0on	  of	   apoptosis	   induced	  by	  1	  nmol/l	  ATG-‐saporin-‐S6	  on	  RAJI	   cells.	  Caspase	  3/7	  ac0vity	   (A)	   and	   cell	   viability	   (B),	  
were	  assessed	   in	  the	  absence	  (white	  symbols)	  or	  presence	  (black	  symbols)	  of	  10	   lmol/l	  of	  the	  caspase	   inhibitor	  Z-‐VAD-‐
fmk,	  which	  was	  added	  3	  h	  before	  the	  immunotoxin.	  Caspase	  3/7	  ac0vity	  and	  cell	  viability	  are	  expressed	  as	  percentage	  of	  
control	  values	  obtained	  from	  cultures	  grown	  in	  the	  absence	  of	  immunotoxin.	  SD	  never	  exceeded	  10%.	  Data	  were	  analysed	  
by	  ancova/Bonferroni	  test.	  Caspase	  3/7	  ac0vity	  and	  cell	  toxicity	  were	  significantly	  reduced	  when	  cells	  were	  incubated	  with	  
Z-‐VAD-‐fmk	  (P	  <	  0Æ0001)	  (C)	  RAJI	  cells	  morphology	  assessed	  by	  phase	  contrast	  microscopy.	  Cells	  were	  treated	  for	  72	  h	  with	  
1	  nmol/l	  immunotoxin	  in	  the	  absence	  (b)	  or	  presence	  (c)	  of	  10	  lmol/l	  of	  the	  caspases	  inhibitor	  Z-‐VAD-‐fmk.	  Control	  cultures	  
grown	  in	  the	  absence	  of	  immunotoxin	  are	  shown	  in	  (a).	  Magnifica0on,	  200·∙.	  



Saporin Toxin-Conjugated Monoclonal Antibody 
Targeting Prostate-Specific Membrane Antigen Has 

Potent Anticancer Activity 

•  Prostate-specific membrane antigen (PSMA) provides an attractive target for monoclonal 
antibody targeted therapies in the treatment of prostate cancer (PC). 

•  Immunotoxins was constructed by linking a humanized anti-PSMA monoclonal antibody 
(hJ591) to the ribosome-inactivating protein toxin saporin. 

•  PSMA-positive cell lines, LNCaP and CWR22Rv1 and a PSMA-negative cell line, PC-3, were 
used. 

•  The binding ability of hJ591–SAZAP to PSMA was equivalent to that of unconjugated J591. 
Internalization of hJ591–SAZAP was clearly detected in PSMA-positive, but not in PSMA-
negative cell lines. 

 
•  IC50 of hJ591–SAZAP was 0.14 nM, 1.99 nM, and more than 100 nM in LNCaP, 

CWR22Rv1, and PC-3 cells, respectively.  

•  After 72 hr of hJ591–SAZAP treatment, the percentage of apoptotic cells was 60.29% and 
40.73% in LNCaP and CWR22Rv1 ells, respectively, compared to 4.70% in PC-3 cells. 

•   The hJ591–SAZAP also had anticancer activity in a LNCaP xenograft model. 

The Prostate 70, 1286-1294 (2010) 



The Prostate 70, 1286-1294 (2010) 



Distinct Cellular Responses Induced by Saporin and a 
Transferrin–Saporin Conjugate in Two Different Human 

Glioblastoma Cell Lines 

J. Cell. Physiol. 2012, 227, 939–951 

Transferrin	  

Saporin	  

Glioblastoma multiforme (GBM) is the most common primary brain tumour in 
adults, with a median survival of 12–18 months postdiagnosis. 

Tf-receptor being a good candidate for targeted therapies also in GBM patients 
with advanced cancers. 





The early inflammatory cytokine TNFa has been  reported for 
stressed cells in the literature. 



•  The IC50 value for TS 
was about 10-9 M 
while for saporin SAP 
it was 10-6 M. 



The conjugate Rituximab/saporin-S6 completely inhibits 
clonogenic growth of CD20-expressing cells and produces a 

synergistic toxic effect with Fludarabine 

•  The CD20 antigen, a 33- to 37-kDa membrane protein of unknown 
function, is an excellent immunotherapy target as it is expressed only on 
mature B cells and not on B-cell precursors. 

•  The anti-CD20 chimeric monoclonal antibody (mAb) Rituximab has 
emerged as an effective single agent for treatment of patients with CD20-
positive non-Hodgkin’s lymphomas (NHL) and chronic lymphocytic 
leukemia. 

•  The majority of patients treated with anti-CD20 radioimmunoconjugates 
relapsed. 

•  A different way to improve mAbs effects is to conjugate them to a toxic 
moiety, in order to obtain immunotoxins, chimeric proteins with specific 
cytotoxic effect. 

•  The RIP and the mAb were conjugated via a disulfide bond between 
chemically inserted sulfhydryl (SH) groups. 

Leukemia (2004) 18, 1215–1222 



D430B, is an Epstein–Barr virus (EBV)-infected B cell 
line 



In vitro and in vivo studies with Saporin-S6 (SAP) 
containing immunotoxins (ITs)  

Toxins 2013, 5, 1698-1722 



Unusual Stability of Saporin 

•  Saporin is extremely 
resistant to denaturation 
by urea or guanidine (up 
t o 4 M ) , e v e n a t 
r e l a t i v e l y  h i g h 
temperature (up to 55 
ºC). 

Biochemical	  And	  Biophysical	  Research	  Communica0ons,	  1997,	  234,	  129–132.	  



Vascular Leak Syndrome (VLS) 
•  The dose-limiting toxicity of interleukin-2 (IL-2) and immunotoxin (IT) 

therapy in humans is vascular leak syndrome (VLS). 
•  VLS has a complex etiology involving damage to vascular endothelial cells 

(ECs), extravasation of fluids and proteins, interstitial edema, and organ 
failure. 

•  First hypothesis is based upon the inhibition of protein synthesis and 
further increase in cell permeability in a time and dose dependent manner 
observed in human HUVEC-C cells. 

•  Second hypothesis for RTA-induced VLS is based on the observation that 
RTA binds to endothelial cells and can cause morphologic changes prior to 
the detectable protein synthesis inhibition.	  

•  It has been proposed that (x)D(y) motif where x = L, I, G, or V and y = V, 
L, or S can be important in the induction of VLS. In the case of ricin the 
LDV sequence (residues 74–76) was partially exposed on intact toxin. 

Proc. Natl. Acad. Sci. USA, 1999, 96, 3957-3962 



Vascular Leak Syndrome (VLS)	  

Nature Biotechnology, 2003, 21, 387-391 

At 15 µg/g, neither RFB4-R48A nor RFB4-N97A 
caused PVL, whereas RFB4-dgRTA did. 
 
 At the usual dose at which SCID-Daudi mice were 
treated with the RFB4-dgRTA, RFB4-N97A was 
more effective than RFB4-R48A. 
 

RFB4 is antibody against CD22 for 
chemorefractory relapsed Lymphoma. 



Toxicity 

Ricin A-chain (RTA)/ Saporin catalyzes 
the hydrolytic depurination of a specific 
adenosine at position 4324 of 28S rRNA 

36	  Biochemistry, 2001, 40, 6845-6851 



Ribosome Inactivating Protein (RIP) Inhibitors	  

37	  

Chem. Rev. 2006, 106, 506-555 



38	  

Biochemistry 2009, 48, 9941–9948 9941 



Current project 

39	  



Thank you 


