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Abstract

Ribosome-Inactivating Proteins (RIPs) are enzymes that have demonstrated remarkable
cytotoxic activity linked to the ability of N-glycosidase activity in 285 ribosomal RNA
to inactivate protein synthesis (rRNA). There are many sources of RIPs, but they
are mainly found in plants, fungi, algae, and in some bacterial species. “The RIPs
exactly bind with large ribosomal subunit and cleavage the specific base of adenine
at 285 rRNA by N-glycosidase activity and stop protein translation”. Many factors
suggest that the host could be protected from predators and viruses without losing its
involvement in stress reactions or the preservation of nitrogen. Previous studies have
reported the great potential of RIPs for use as cancer therapeutics. RIPs are specific in
their function through targeting only cancer cells and less toxicity regarding normal
cells. The main feature of RIPs used as cancer treatment is their short plasma half-life,
antigenicity, and selective cytotoxicity. The pharmaceutical property of RIPs might be
improved by coupling the RIPS with polyethylene glycol, which improves plasma time
and decreases its antigenicity. We reviewed previous literature providing evidence
about therapeutic approaches regarding RIPs due to their potential as a therapeutic
application in different types of human diseases. RIPS functions as a target-specific
carrier by its conjugation with toxins.
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Introduction

Cancer is one of the main causes of death worldwide. Recently,
it was reported that about 14 million people worldwide have
been diagnosed with cancer and it is expected that this number
might be increased to 22 million within the next two decades.
Cancer is a multifactorial disease that can be caused by genetic or
environmental factors. [ Although the exact treatment for cancer
has yet to be discovered, early detection of the disease aids in
its cure. For the treatment of cancer, various drugs and therapies
are used, with chemotherapy being the most commonly used.
Immuno-based toxins are one of the interests in developing a
drug against cancer due to their significant anti-cancer property.
RIPs are novel proteins that are widely found in different
types of plants and a few fungi and bacterial species. ! RIPs
are a group of cytotoxin N-glycosidases. There are three main
types of RIPs based on the number of subunits and precursor
sequence organization. Trichosanthin and monorcharin are the
examples of type 1 RIPs with a single polypeptide chain and
catalytic activity. B! Abrin and ricin are the examples of type
2 RIPs with an active A-chain which is associated with lectin
binding B-chain through a disulfide bond. The JIP60 and maize
ribosome-inactivating protein are the examples of type 3 RIPs
that contain a region between the protein which is removed for
activation and binding of elongation factor. ! Another function
of RIPs is they inhibit different types of enzymatic activity like
superoxide dismutase, depurination of DNA, RNA, poly A,
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and phospholipase. Different types of RIPs like gelonium and
momordica have anti-HIV properties. Through the depurination
of the SRL loop, cell apoptosis is induced by RIPs. Ricin is used
for the treatment of leukemia. RIPs are conjugated with different
types of antibodies to achieve target-specific cell apoptosis. P!

Types of Ribosome Inactivating Proteins
(RIPs)

On the base of the structure, there are three main types of RIPs.
Type 1 RIPs, such as dianthins and saporins, are composed of
a single polypeptide chain with a molecular weight of about 30
kDa and exhibit strong N-glycosidase activity. [/ Ricin and abrin
are examples of type 2 RIPs, which are heterodimeric proteins
with a size of 60 kDA-65 kDa, an enzymatic A-chain similar to
type 1 RIP, and a disulfide bond to a slightly larger B-chain via
lectin properties. The type 3 RIP is made up of a polypeptide
chain that holds type 1 RIP in the C-terminal and N-terminal
domain, but still its function is unknown. The type 3 RIPs are
produced like inactive precursors which are activated through
proteolytic processing events. 19 It is reviewed that the most
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powerful type 2 RIPs are stenodactylin purified from the caudex
of the passifloraceae. This RIP has a very high enzyme activity
in galactose-specific DNA substrates in ribosomes and herring.
Stenodactyline is transported retrogradely in the central nervous
system just like other RIPs purified from adenia, namely
modecin and volkensin. I”!

In neuroscience, this property may have several medical and
biotechnological applications for selectively lesion-specific
neurons. It was reported that stenodactylin can cause multiple
pathways of cell death in a neuroblastoma cell line which
include primarily apoptosis but also necroptosis and free radical
production. U8 Similar results have recently been achieved in
acute myeloid leukemia cells, which allow stenodactyline to
produce a rapid stress response, mainly due to pro-inflammatory
factors and oxidative stress, and to lead to apoptosis.

For many years, RIPs, primarily monoclonal antibodies, have
been studied because the therapeutic use of RIPs as toxic
molecules for immunotoxins allows for the selective killing of
target cells. © In several clinical trials with various diseases,
immunotoxins were included, with promising results often
achieved, in the treatment of hematological neoplasms. Because
of its high potential cytotoxicity, stenodactyline could be an
ideal candidate for cancer treatment and toxic movement of
immunotoxins as a unique agent for local-regional treatment.

Pharmaceutical Applications of RIPs

RIPs are widely used as a part of the conjugate in different types
of medicine, importantly in cancer therapy. The conjugate of
RIPs is enzymatically linked with tumor-targeting ligands and
antibodies which lead to targeting their binding and entry to
tumor cells. As many plants are an indigenous source of RIPs,
which are much more effective and cost-effective as compared
to synthetic drugs. 1

As it is reviewed the RIPs as a cytotoxin, it has been tested
for many anti-tumor, antiviral, antifungal, and anti-bacterial
properties. Clinical trials have been carried out for gelonin being
used as a treatment of myeloid malignancies, ricin for leukemia

treatment, and PAP for treatment of immunodeficiency virus.
[19,20]

To make immunotoxins, the antibodies may be conjugated by
RIPs which results in selective function RIPs to target cells
and improve their efficacy and reduce their side effects. The
polyethylene glycol might be used to couple with RIPs. The
PEG and RIP complex has enlarged the molecular size, which
results in renal clearance, proteolytic degradation, and decreases
antigenicity and immunogenicity. 2!

Role of RIPs in Cancer Therapy

The TCS and momordica are type 1 RIPs having a protein size of
30 kDa function as anti-HIV. Gelonium is an anti-HIV protein
with a size of 30 kDa. The ao-MMC and marmorin inhibit the
growth of breast tumour cells in vivo and in vitro. 22

The cell viability is inhibited by RIPs resulting in cell cycle
arrest and a decrease in the size and volume of the tumor by
persuading apoptosis with caspase-8 and caspase in cells of
breast tumor. To target different types of cells and solid tumors,

a RIP prototype-based immunotoxin is used. The Saporin-S6
immuno conjugates have good structural and functional
properties. Saporin-S6 is highly resistant to proteolysis and
denaturation, has high catalytic efficacy, and is less toxic to
normal cells. [*¥]

In many preclinical studies, Saporin-S6 has been intensively
used in immune conjugates as a toxic moiety that targets
different types of solid tumors and malignant hematological
cells. For target therapy, the hematological cell represents the
best candidate because it is easy to target in vivo access as they
offer surface target antigens as compared to solid tumors. !

The TCS facilitates the phosphoinositide 3-kinase or AKT
pathway which improves apoptosis-inducing and cytotoxicity
activity in anti-cancer therapy and gemcitabine against lung
cancer. ¥ The cell penetration of Granzyme B is enhanced by
TCS, resulting in the apoptosis of tumor cells. In gastric cancer
cells, the RIPs induced autophagy through a higher level of
autophagy protein 5 and changing the microtubule-associated
protein LC3 1 to LC3 2 which stimulates the NF-KB tumor
protein p53 pathway by inducing reactive oxygen species. [*)

The extracellular Ca,+ might be responsible for the induction
of reactive oxygen species which stimulate apoptosis in
human choriocarcinoma cells. In JAR cells, RIPs inhibited
angiogenesis by the reduction of vascular endothelial growth
factor and inhibition of angiogenic signal that participated in the
anti-cancer effect. The TCS also regulated the smac pathway in
cervical cancer cells. [

It is reported that on leukemia and lymphoma, TCS shows
activity against proliferation. It induces cell apoptosis of
T-lymphocyte and inhibits the growth of B-lymphocyte by the
arrest of S-phase of cell cycle. ! Ricin also exhibits an anti-
tumor property. Ricin inhibited the growth of sarcomas in
rats, and it increased the survival rate of ehrlich ascites tumor-
bearing mice. It also shows a promising effect on nude mice
with human xeno graft. Riproximin is a type 2 RIP that up-
regulated the anti-cancer cytokine IL24/MDA-7 and ER-stress-
related GADD genes: It also down-regulated the genes relating
to migration (Rho GTPases), anti-apoptotic activities (BCL
family), and cell cycle (cyclins) in selected human breast cancer
cells MDA-MB-231 and MCF-7. 129

A-MMC might be used for the treatment of macrophages
associated with the tumor. The cytokine release is regulated by
a-MMC. Curcin is a type 1 RIP that stops the growth of different
types of tumor cell lines. T-cell leukemia could be selectively
inhibited by viscumarticulatum RIP. And the early signalling
of articulatin D induces apoptosis by increasing the level of
mitochondrial membrane potential. “RTA conjugated with
anti-HER2 scFv 4D5 and the endoplasmic reticulum-targeting
peptide KDEL had a 440-fold increase in anti-ovarian cancer
cell activity compared to RTA alone”. 7

RIPs Mechanism of Action

Typically, RIP enters the cell by binding to a receptor on the
cell’s surface, and then through endocytosis, RIPs cross the
cell membrane and translocate into the cytosol. Through
endocytosis, the type 1 RIP across the cell membrane through
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its binding with galactose moieties and vesicular transport it
transfers from the network to the endoplasmic reticulum. (%
The portion of chain-A transfers to the cytoplasm when the A
and B chains of ER tumen are dissociated. To build a target
bifunctional cytotoxic agent, the membranes of RIP might
be fused or conjugated with suitable carriers like hormones,
protease, inhibitors, and cell-binding ligands. 3% It has been
reported in various studies that a transferrin conjugated carrier
design is used, which is a type of protein through which iron
uptake occurs. Iron-binding glycoprotein transferrin carries two
irons into the cell in the form of ferric Fe3+ when it binds to its
receptors. 31

The transferrin receptor is extensively distributed among
different types of cells but is commonly overexpressed in
malignant cells. For example, Saproin-S6, ricin is a type of
artificial conjugate. *?! These conjugates are artificially formed
by the combination of RIP and transferrin that involves different
types of mechanisms like selective cytotoxicity on many
malignant or cancerous cell lines. ¥

Through RNA N-glycosides activity, the RIPs enter the cell
and inactivate the eukaryotic ribosome. The glycoproteins
or glycolipids are present on the cell membrane, and the type
2 RIP binds to them. After binding, the RIP travels through
an intracellular pathway from the golgi apparatus to the
endoplasmic reticulum. 4 Unless the RIPs exploit the ER-
associated degradation pathway, the enzymatic moieties are
not released to the cytosol and will not reach the ribosome to
exert their function. Because the type 1 RIP is difficult to bind
with sugar-binding receptors, it is tough for it to enter the cell,
because the type 1 RIP interacts with phospholipids on the cell
membrane, it enters the cell through this binding interaction. The
type 1 RIP is linked with a carrier like monoclonal antibodies
to facilitate its entry into the cell and these conjugates might be
toxic to target cells. B3

Cellular mechanism of RIPs

Mechanism of entry in the cell: Ribosome-inactivating
proteins must enter cells to inactivate the eukaryotic ribosome
via their RNA N-glycosidase activity. It is difficult for type
1 RIPs to enter cells because of their sugar-binding activity
deficiency. The exact entry mechanism remains unclear. B¢

Mitochondria apoptosis mediated by RIPs: Apoptosis-
inducing substances can lead to excessive reactive oxygen
species production. Mitochondrial membrane potential
depolarization and caspase-9 activation were detected in MCF-
7 cells and to a lesser extent in MDA-MB-231 cells after
marmorean treatment. Several pumps, such as the Na+-K++
pump and the Ca++ pump, maintain concentration gradients of
various ions to achieve appropriate membrane potential. 57

Death receptor apoptosis mediated by RIPs: Death receptors
such as fas, deliver apoptotic signals into the cytoplasm by
binding to Fas Ligand (FasL). Marmorin was found to trigger the
death receptor apoptotic pathway in MCF7 cells. This pathway
is also preferentially activated in MDA-MB-231 cells. B*

RIP-Based Immunotoxins

The combined antibody and specific toxins obtained by

the molecules are known as immunotoxins, bifunctional
macromolecular based on intracellular toxin action to kill target
cells. Recombining antibody technology and protein fusion
has led to the rapid growth of drug targeting systems with
higher antigen-binding characteristics and pharmacokinetic
characteristics. %39 In immune regulation and treatment of viral
or parasitary illnesses, immunotoxins are currently regarded as
strong immune bubbles against cancer cells. Previous studies
show that anti conjugation methods can theoretically influence
immune conjugate activity in vivo. Different critical strategies
were implemented to maximize active toxin releases in the
target cell. ® The choice of reduced disulfide cross-linker
between RIP mode and antibodies is one of most RIP-based
immune conjugate synthesis approaches for tumor cells, which
are typically characterized by a hypoxic condition, induced by
increased reductive enzyme activity. Redox target cell status
should therefore be able to induce RIP-based immune conjugate
decrease after cell internalization with the resulting discharge
of type 2 catalytic active A chain or type 1 RIP chain. (31 An
alternative approach for RIPs without free gum sulphide (e.g.
gelonine, PAP, saporin) and also used for whole type 2 RIPs,
was based on the application of a specific linker binding reactive
functional groups that generate new sulphydrylic acids on the
proteins, such as primal amines, carbonyls, carbohydrates, and
carbonyl acids. Preparation of a separate derivative of both
toxins and antibodies was required for this strategy; newly
inserted groups on two molecules can react to a stable conjugate
population via disulfide bridges. “9 SPDP (N-Succinamidyl-
3-(2-Pyridyldithio) Propionate); SATA (S-(N-Succinimidyl)
Thioacetate); SMPT ((N-Succinimidyloxy carbonyl)-1-Methyl-
1-(2-Pyridyldithio) Toluene) are some of the most common
hetero bifunctional cross-linking agents in the immunotoxins
conjugation of S-S disulfide.

Use of RIPs as Cancer Therapeutics

In 1987, Griffiths reported that RIPs can induce cell death.
Through this evidence, it is concluded that one of the pathways
persuaded by RIPs in which RNA N-glycosidase activity might
be responsible for ribotoxin stress which results in the activation
of p38 MAPK and SAPK that leads to apoptosis. However, the
mechanism of signal transmission from damaged 28S rRNA to
the MAPK remains to be investigated further. !

The extraordinarily high level of potency is a common
characteristic of many RIPs. For example, diphtheria is another
protein synthesis inhibiting toxin. It is supposed that a small
number of molecules are needed to enter the cytosol of the cell,
leading to cell death. *2 This effectiveness of RIPs makes them
the most attractive for use as cancer therapeutics. Moreover,
to convey specific anti-cancer activity, the toxin must target
specific means it targets only malignant cells, not healthy
cells. The main method through which the target-specific anti-
cancer activity of RIPs is achieved through its conjugation of
RIPs enters with antibody to make immunotoxin or to target
ligand-like cytokine or growth factor. The use of immunotoxins
is the most suitable choice because they allow flexibility and
selectivity to target-specific choices. The selection of a suitable
target is very important because it has large effects on its
potency and specificity. Because of these constraints on tumor
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toxicity targets, a target that is highly expressed on the surface
of cancer cells but limited in its expression on normal cells must
be chosen. ]

The immunotoxin generally targets the tumor-linked
antigen that is highly expressive on the surface of the cell
due to transformation. In the 1970s, the first generation of
immunotoxins was made considering RIPs alone, more than
450 immunotoxins have been used. Mostly plant-based RIPs
immunotoxins were developed. ¥ Ricin is derived from gelonin
and saporin two types 1 RIPs with high potency and stability, via
chain A of type 2 RIP ricin. Recently, it has been suggested that
the type 2 RIPs are used with low in vivo and in vitro toxicity,
but in the free cell, the system shows strong ribosomal RNA
N-glycosidase activity. The chain A of nigrin and ebulins, like in
sambucus species, is used to generate alternative immunotoxins
with increased cytotoxicity. As recombinant technology has
advanced, instead of making chemical-based conjugates, an
active toxin is genetically engineered with whole antibody
and domains are fused by human antibody fragments. This
process of development of immunotoxins is divided into three
generations. ['¥

RIPs Effects on Breast Cancer

RIPs TCS, momordica anti-Human Immunodeficiency Virus
(HIV) protein of 30 kDa (MAP30), gelonium anti-HIV protein
of 31 kDa (GAP31), gelonin, marmorin, and alpha-momorcharin
(a-MMC) have been shown to negatively affect the growth of
breast tumor cells in vivo and in vitro. MAP30 and GAP31
could represent a therapeutic strategy for the treatment of breast
cancer. The combination could decrease HER2 expression
and lead to reduced Fnl4 expression, which is frequently co-
expressed in human breast tumors. ¥ Ribosome-inactivating
proteins have the potential to become innovative anti-tumor
agents. They also possess toxic adverse effects, including severe
systemic anaphylaxis, immunogenicity, and toxicity to reduce
the undesirable effects and achieve better therapeutic efficacy
[Table 1].

RIPs effects on leukemia and lymphoma

Trichosanthin significantly inhibits the proliferation of various

leukemia and lymphoma cell lines. Cucurmosin and TCS down-
regulate P210Bcr-Abl and inhibit tyrosine kinase, resulting in
cell growth suppression. 3 Saporin and rgel have been widely
used to construct immunotoxins, which have been reported to
be useful in cancer treatment. HB22.7-saporin was cytotoxic
against a panel of non-Hodgkin’s lymphoma (NHL) cell lines
and was shown to significantly prevent tumor development in a
xenograft model of NHL. (461

RIPs effects on other cancers

Recently, MAP30 has been demonstrated in cell culture and
mice for antitumor activity. In HepG2 cells, for example, time
and dosage-dependent cell viability with S Phase, arrest were
inhibited by MAP30. Furthermore, MAP30-induced apoptosis
and necrosis led to a decrease of tumor volume in HepG2-
bearing mice. Cucurmosin caused the arrest and apoptosis of
GO0/G1 in HepG2 cells, also translating these effects to powerful
anti-tumor activity in vivo. In HepG2 cells, abrus agglutinin
activates the cascade while suppressing act phosphorylation and
NF-B expression. [

Engineering of RIPs for Improving Anti-
Cancer Activity

RIPs ITs show high anti-cancer activity mainly for hematological
malignancies that are easier to access than solid tumors. The
clusters of differentiation present on the surface of hematological
cells are considered the most appropriate target to design better
ITs. The antigens CD7, CD2, Cd19, and CD22, present on the
surface of human lymphoma and leukemia were linked with
Sap-So6 to make its. 7 The selective cytotoxicity of saporin
ITs increased 100-fold more than the use of Saporin alone. It
was reported that anti-CD30-Saporin decreased 60% of tumor
mass when it was used for the treatment of refractory Hodgkin
lymphoma patients. Previous studies show that anticonjugation
methods can theoretically influence immunoconjugate activity in
vivo. Different critical strategies were implemented to maximize
active toxin releases in the target cell. 1 The choice of reduced
disulfide cross-linker between RIP mode and antibodies is one
of most RIP-based immune conjugate synthesis approaches
for tumor cells, which are typically characterized by a hypoxic

Table 1: Different indigenous sources of RIPs.

Sr No. RIPs type
Ricinus communis
Type | RIPs
Ricinus agglutinin
Ricin type 2 RIP
Type1 and type 2 RIP
Ricin a type 2 RIP
TCS a type 1 RIP
Heterodimeric type Il RIPs
Curcin, a broad cytotoxic type 1 RIP
Sporins a type 1 RIPs

Foetidissimin Il
Type 1 RIP B. Texanin
Mayahuelin type 1 RIP

Abrin type 2 RIP

Type 1 RIPs like dianthins

>N r DN ©ON O WN =

Type 1 Ribosome-Inactivating Protein (RIP) saporin-S6

Source Reference
Castor oll 4
Maize and barley 5
Castor beans 6
Sambucus species 7,8
Annona squamosa 9,10
Ricinus communis 9
Sambucus ebulus 8
Rhizome 11
Seeds of Jatropa curcas L 12
Seeds of Triticum aestivum L 12
Saponatria officinalis L. Seeds 13,14
Cucurbita foetidissima
Cucurbita texana 14
Roots of Cucurbita foetidissima 15
Fruits of Cucurbita texana 16
Barley and Jatropha curcas 16
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condition, induced by increased reductive enzyme activity.
Redox target cell status should therefore be able to induce RIP-
based immune conjugate decrease after cell internalization with
the resulting discharge of type 2 catalytic active A chain or type
1 RIP chain. 31 An alternative approach for RIPs without free
gum sulphide (e.g. gelonine, PAP, saporin) and also used for
whole type 2 RIPs, was based on the application of a specific
linker binding reactive functional groups that generate new
sulphydrylic acids on the proteins, such as primal amines,

carbonyls, carbohydrates, and carbonyl acids. Preparation of a
separate derivative of both toxins and antibodies was required
for this strategy; newly inserted groups on two molecules can
react to a stable conjugate population via disulfide bridges. (%
SPDP (N-Succinamidyl-3-(2-Pyridyldithio) Propionate); SATA
(S-(N-Succinimidyl) Thioacetate); SMPT ((N-Succinimidyloxy
carbonyl)-1-Methyl-1-(2-Pyridyldithio) Toluene) are some of
the most common heterobifunctional cross-linking agents in the
immunotoxins conjugation of S-S disulfide [Figures 1-5].

Figure 1: Compared to ricin, the structure of stenodactylin. A) The A-B-stenodactyl and ricin amino acid sequence alignment. The B-strands
(blue), a-helices (red), and the disulfide-binding cysteines are shown (in yellow). The helixes are tagged A to | and the B-sheet strands are
tagged A to h in the A chain. Also indicated are the domains and subdomains in the B chain. Similar resides, conserved replacements,
and semi-conserved replacements are reported. The various structural motifs in the chains A and B. A) Stenodactylin's three-dimensional
compared to ricin structure. The a helices (red) are represented, the a chains (cyan) and the spindles (grey). The helices are A to | marketed
and the B sheet strands are A to H marked. In the B chain are shown structural areas and subdomains. Arrows indicate the disulfide bond
position between chains A and B.
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Figure 2: The mechanism of cell apoptosis induced by RIPs.
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sc Fv
enzymatic chain RIP

receptor ligand protease inhibitor

Figure 3: Putative conjugates based on RIP. A) Immuno-RIPS received antibody (left) or mini body fusion RIPs such as scFv (right). B) Fuse-
RIPs (left), cell ligand (center), and protease inhibitors have been derived from alternative bioconjugates (right).
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Figure 4: Formation of monoclonal antibody through conjugation of antibody with RIPs. And for target action, it is conjugated with nanoparticles.
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nanoparticles, even for diagnostic purposes.
Conclusion

Through the review of previous studies, it is concluded that
RIPs are cytotoxic plant proteins with higher anti-cancer, anti-
HIV, and anti-viral properties. Based on the structure, there
are three main types of RIPs. Moreover, it has limitations like
other therapeutic agents, for example, immunogenicity, non-
specificity, fast degradation, etc. In the same plant, single-chained
type 1 RIPs can coexist with double-chained type 2 RIPs. Small
RIPs, such as alpha-momorcharin, beta-momorcharin, gamma
momorcharin, and charantin in bitter gourd (charantia) seeds,
alpha- and beta-kirilowins, may coexist with larger RIPs in the
same plant. Today’s pharmacology is focused not only on the
discovery of “nano-compounds”, but also on the development
of the second line of bio-based chemotherapeutic conjugates,
through utilizing both recombinant protein engineering and
protein technology. For this reason, the pharmaceutical and
pharmacology businesses are examining a variety of options,
including specific cellular targets and novel drug delivery
techniques. Because of their topology and toxicity, RIPs proved
to be good prototypes in both scenarios. A nanotechnology-
based delivery system might be helpful for the development
of anti-cancer drugs. Several drugs have been nanocarriers and
they are highly effective for therapeutic use. There are many
indigenous sources of RIPs, mainly plants. It is easy to isolate
RIPs from plants and is more productive and cost-effective.
However, it needed to further investigate the potential of RIPs
as cancer therapeutics.
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