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Abstract

Since malignant tumors parallel with their progression can lose their sensitivity against the MHC-I restricted T
lymphocytes because of their escape in tumor antigen presenting, we need immunomodulators which are able to activate
MHC-I unrestricted tumoricidal mechanisms of innate immune system. In contrast to the adaptive system, the innate
immune cells have regularly a basic activity (priming) which can determine their function ability and render possible a
polarity similar to neuroendocrine system. Namely, innate immune cells are committed in two directions. Type-1 cells
involve tumoricidal cascade mechanisms which activate the MHC-I unrestricted killer cells (such as NK-cells) and Type-2
cells activate cell proliferation by production of Growth Factors (GFs), affect chronic inflammation, stimulate the
angiogenesis and inhibit the type-1 system. As shown in this paper the activity of type 1 cells is down regulated parallel with
the tumor progression and available information suggest a regular tumor-induced dominance of type-2 cells.
Immunomodulators must improve this disturbed balance. Type-1 natural cells can be activated only via stimulation of
phagocytic cells by PAMP like structures which have always a natural origin and the chemistry is not able to produce them.
In the tumoricidal activity of MHC-I unrestricted killer cells the expression of NKG2D receptors and the expression of their
stress related ligands (MICA/B, UBPL1-3) have pivotal regulatory role generating the kill signal. The aim of this review paper
to support hypotheses as to whether an increase in expression of KAR on MHC-I unrestricted killer cells by evidence based
plant immunomodulators and parallel stimulating the expression of stress related ligands on tumor cells by GFR inhibitors
or cytostatic drugs (such as Gemcitabin) can result in clinical benefits. Case reports using standardized Rice Bran
Arabinoxylan Concentrate (Biobran/MGN-3) in combination with GFR inhibitors or Gemcitabin show astonishing clinical
responses. Unfortunately, in spite of clinical and immunological evidences this plant immunomodulator is registered only as

food supplements and a further research of these hypotheses is therefore hindered.
Keywords: Immunomodulatory treatment, NK-cells, MHC-I unrestricted killer cells, tumor disease, Growth Factor
Receptor inhibitors, Erlotinib, MEK-inhibitor, Gemcitabin, Viscum Album Agglutinin, rice bran arabinoxylan concentrate,
MGN-3
Quo Vadis Tumor Immunology? Several Exciting Problems of Tumor Defence and
Therapeutic Efforts to Find a Solution
Non-reversible and non-repairable tumor induced escape mechanisms from the effect of the highest
developed T lymphocytes

As it is well known, B and T lymphocytes in adoptive immune system are operating on the top of the

evolution with their very high (109 and 10%) specificity and diversity. It is in contrast for the first defence responsible
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innate immune system which using Pattern Recognition Receptors (PRR) recognize only Pathogenic Associated
Molecular Pattern (PAMP) configurations on surface of microbes and later during its further cascade-like activation
their cells react with stress related molecules on membrane of pathologic altered cells. Innate immune cells have a
rather limited specificity and diversity. Consequently, during the last twenty years it was always an old dream in
tumor immunology to overcome the tumor disease by a regularly activation of adoptive immune system. However, it
is also well known that B lymphocytes and by them produced antibodies in a very small degree take part in tumor
defence supporting only the binding between effector and tumor cells. In contrast to B cells, the highly specific T
lymphocytes (with 1015 different specific receptors) undoubtedly take part in the immune surveillance against tumor
disease in healthy organisms. Unfortunately, later parallel with the progression of tumor disease T cells lose their
efficacy against tumor cells in consequence of escape mechanisms which are not repairable and reversible [1,2].
Among these escape mechanisms the most important one is the loss of MHC-I antigens on tumor cells which are
essential for the presentation of tumor associated antigens for cytotoxic T lymphocytes [3]. As shown in the Figure 1,
it is well known that in all tumor and healthy cells both self and non-self (such as tumor associated) proteins are
regularly broken down in proteasomes with a very high (two million/second) velocity. The generated peptide
fragments are presented for CD8 cytotoxic T lymphocytes using MHC-I antigens as presentation molecules which are
also regularly produced in the endoplasmic reticulum with a high velocity. The products of presented self-proteins are
ignored by T cells because of the negative selection in their development [3]. Tumor cells can be attacked by T cells
only in the case if the (in proteasomes generated) products from tumor associated antigens are presented on cell
membrane by MHC-I antigens. Unfortunately, there are growing evidence that tumor cells parallel with their
progression can lose their capacity to produce sufficient number of MHC-I molecules as a consequence of the escape

mechanisms resulting in their hypo-responsiveness to cytotoxic T cells which is not repairable and reversible [4,5].
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Figure 1: T lymphocyte mediated tumor killing. Virus infected and tumor cells are able to produce non-self-proteins which together with self-
proteins are regularly broken down in proteasomes. Then the generated peptide fragments are with a high velocity presented for the CD8
cytotoxic lymphocytes using HLA-I antigens which are regularly produced in endoplasmic reticulum. Tumor cells parallel with their
progression begin to produce only an insufficient number and quality of these HLA-I presentation molecules and these alterations are not
repairable and reversible. Consequently, the MHC unrestricted immune mechanisms must take over the antitumor functions from the
adoptive immune system [lllustration from Hyde M (ed): Immunology 2013 (4)].
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Growing attention is focusing on the MHC-I unrestricted innate immune mechanisms

If the tumor cells lose their MHC-I antigens then parallel with their hypo-responsiveness to T lymphocytes
there is a growing sensitivity to the MHC-I unrestricted effectors, such as natural killer (NK) cells [4-5]. Since the
MHC-I unrestricted effector cells are kept under a strict control by the regulatory mechanisms of innate immune
system, it is very important to note that in contrast to adaptive system the innate immune cells have regularly a basic
activity (so called priming) which can determine their functions. In addition, similar to neuroendocrine system there
is growing evidence that this priming exhibits a polarity. Namely, the innate immune system is committed in two

directions.
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Figure 2: The innate immune system is committed in two directions. M1 and D1 are type-1 macrophages and dentritic cells which take part in
the regulation the antitumor killer cells. M2 and D2 are type-2 macrophages and dentritic cells which facilitate the generation of Th2 cells and
inhibit the type-1 system. Moderately modificated Illustration from JS. Murray [Immunol Today 1998; 19: 157-63].
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As shown in Figure 2. the type-1 macrophages (M1) and from monocytes originated type-1 dentritic cells (D1)
generate proinflammatory cytokines (only in physiological several pg/ml level), facilitate the production of IL-12,
activate cytotoxic effectors, such as NK, gamma-delta T and type-1 NKT1 cells which are potent inhibitors of tumor
growth in MHC unrestricted manner [6,7]. However, these type-1 innate immune cells are down regulated in tumor
disease (Figures 3A and 3B). Moreover, available information suggests that there is a tumor-induced dominance of
type-2 macrophages (M2) and from the plasmocytoid precursors originated type-2 dendritic (D2) cells which
generate IL-4 and IL-10 facilitating the generation of Th2 cells and inhibiting the type-1 system. It was also shown
that M2 and D2 cells affect chronic inflammation, promote cell proliferation by producing Growth Factors (GFs) and
stimulate the angiogenesis. Parallel with the down regulation of type-1 cells, it was also found that tumor patients can

have up to 40% type-2 peripheral monocytes in contrast to healthy persons who have only 10% [6,7].

How can we investigate the tumor-induced disturbance of MHC-I unrestricted natural immune
mechanisms?

The tumor-induced disturbance of natural immune balance (down regulation of type-1 cells and up
regulation of type-2 cells) is hardly detectable by the experienced clinical practise. The most frequent clinical
symptoms, such as fatigue syndrome, anxiety or loss of appetite can also be caused by many other reasons. Originally,

more than 20 years ago two relatively simply methods were used for investigation of the type-1 natural immune cells:
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the phagocytic activity of neutrophil granulocytes and NK activity in peripheral blood of patients. As shown in Figures

3A and 3B, both parameters were shown to be decreased parallel with progression of the tumor disease, [8-9].

{CPM) T T T
25000 H . X !
H H P
. i i H
i H P
Phagocytic P H H
activity of - i i P
granulocytes =3 i H i
i i '
L4 ' i i
i i i
20 000 i i i
i - i i
i i i
. : i i
H H P
oo ; H ” H
i i H
i i i
i i i
15000 | ' i i
. i : :
i i H
® i . i o i
. i H P
i H i . H
t i - i
H P '
3 i . ; d ;
L4 i i i
10000 i i T i
i i H
' ' i
i i t 8 :
H i H
; . : . i o
i i g oo

i i H

i i - i o

5000+ i i : e
1 i i

i i i e
i i H
i i P
i i i
i H i
; H i
i i i
o i

Control healthy With or without Bone and / or skin | Liver and / or lung
persons Invasion of Lymph- tastasi tasi
nodes (no distant
metastasis ) Distant metastasis
Clinical sitwation of breast cancer patients at time of
testing

Figure 3A: Phagocytic activity of peripheral neutrophil granulocytes in healthy controls as well as in breast cancer patients without
metastases, with bone or skin metastases and with lung or liver metastases. These results can support the tumor-induced down regulation of
type-1 innate immune cells which correlates with the progression of the disease [9].
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Figure 3B: Similar to phagocytic activity a tumor-induced down regulation was also found if the frequency of circulating NK cells in healthy
persons, in breast cancer patients with stage | /Il and with stage IlI/IV of the disease were compared [8].
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How could we improve the tumor-induced down regulation of natural MHC-I unrestricted immune

mechanisms?

As shown in Fig 3A and 3B, parallel with the progression of the disease both the phagocytic activity and NK
level showed a considerable down regulation. It was also remarkable that the degree of reductions of both parameters
showed a close relationship with each other suggesting a cascade mechanism of type-1 cellular system [9]. Today it is
well known that microorganisms after the binding their PAMP molecules to PRR on surface of phagocytic cells can
induce a cascade like activation of type-1 natural immune cells. Therefore, it is not surprising that innumerable
attempts were carried out to use bacteria as immunomodulators. However, the most effective pathogenic bacteria can
cause undesirable side effects and if we try to diminish their toxicity we can damage the structure of their PAMP
molecules. Since PAMP configurations must be rigorously fitted to the configuration of PRR molecules the chemistry
is not able to produce them. In spite of the fact that PAMP molecules can never exist in the host they are widely found
in the nature. Consequently, growing attention is focusing on the PAMP like molecules with plant origin which in
contrast to bacteria have considerably fewer side effects. At the moment, only few amounts of research are available
about PAMP-like plant immunomodulators. Unfortunately, the market is full of alternative but poorly investigated
and not at least evidence based immunomodulators. In this paper only two evidence based plant immunomodulators
will be discussed.

Viscum album agglutinin-I (VAA-I): VAA-I maybe the first PAMP like molecule with plant origin which
were subjected to sufficient scientific research. It can be gently isolated from leaves and stem of mistletoe plant
[10,11]. VAA-I similar to ricin, abrin (lectin from the red seed of abrus precatorius), modeccin and volkensin, belongs
to the type II family of ribosome inactivating proteins (RIP-II) with numerous homologous structures [12,13]. They
were isolated from a variety of phylogenetically independent plant species so that the RIPs obviously belong to an old
evolutionary development.

The B-chain (34kD) of VAA-I with two PAMP-like structure exhibiting receptors can selectively be bound to
terminally alfa-2-6-sialylated gangliosides on phagocytes which can correspond to an appropriate part of PRR.
Indeed, using double blind cross over studies it was obvious that VAA-I can activate both the phagocytic activity (after
5h) and NK-functions (after 24h) in peripheral blood of healthy volunteers with a bell-shaped curve of efficacy
indicating that VAA-I may be a possible candidate to improve the tumor induced disturbance of natural immune
system [14]. Its most effective doses were between 0.5 ng/kg and 1.0 ng/kg observed. Unfortunately, more than
twenty years ago from economic reasons was this lectin research stopped and now for clinical use only in term of
lectin content standardized mistletoe extracts are available in several countries. (The manufacturer is Hiscia AG, CH-
4144 Arlesheim, Switzerland).

Arabinoxylan concentrate from rice bran (BioBran/MGN-3): The most investigated and evidence
based plant immunomodulator is an arabinoxylan concentrate from rice bran (RBAC) which is manufactured and
supplied in a standardized form as BioBran/MGN-3 by Daiwa Pharmaceutical Co, Ltd, Tokyo, Japan. It is composed
of denaturated hemicellulose, which is obtained by rice bran hemicellulose reacting with multiple carbohydrate
hydrolyzing enzyme from shiitake mushrooms. BioBran/MGN-3 preparations are standardized for its main chemical
component: arabinoxylan with a xylose (in its main chain) and with an arabinose polymer (in its side chains). This
plant immunomodulator strongly differ from other plant preparations since the enzymatic fermentation can break
down each sort of glycolytic bond except the binding between arabinose and xylose. It results in an arabinoxylan

configuration with similar form which exists in the plant retaining its PAMP like properties.
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Indeed, this gently by hydrolyzing enzyme isolated RBAC has a similar immunomodulatory effect as VAA-I
lectin with PAMP like properties. A great number of publications reports that given in doses between 15 and 45 mg/kg
RBAC can activate the type-1 natural effectors, such as phagocytic and NK activities [15-26] and exhibit clinical
benefit [27-29]. A double blind randomized clinical trial with liver cancer patients showed that BioBran/MGN-3 given
daily with a low dose for 12 months parallel with chemotherapy was able to induce a six-fold increase in the two years
survival [27]. In spite of the fact that RBAC is the best evidence based and standardized plant immunomodulator
without any side effect, all over the world it is registered as food supplement and not used in oncologic centers.

Consequently, its clinical research is regularly hindered.

Ethics Committee mostly refuses the permission for controlled clinical trials with food supplement

and only case reports are mainly allowed

The cautious behavior of Ethics Committee and Oncologic Centers with evidence based food supplements is
very regrettable since a possible manipulation of the polarity in innate immune system could open new perspectives
in the tumor research. Case reports suggest always more hypotheses which can’t be further investigated in clinical
trials. Since the polarity of neuroendocrine system with the polarity of natural immune system exhibits a close

relationship, a great number of preliminary clinical observations become always more exciting.

In the next part of the paper several hypotheses will be presented and discussed which are based on case reports.

Beneficial Clinical Effect with Combinations of Growth Factor Receptor (GFR) Signaling
Pathway Inhibitors and Evidence Based Immunomodulators (RBAC): A Hypotheses Based

on Case Reports

The central role of NKG2D and its ligands in the regulation of MHC unrestricted Killer mechanisms.
Stimulatory effects of GFR inhibitors

The most important and mostly investigated MHC unrestricted killer cells are the NK-cells which have a
great number of various receptors on their cell membrane. Among these NK receptors there is a for tumor defence
pivotal killing activator receptor (KAR), namely the NKG2D (heterodimer glycoprotein consisting of CDg4
homogenous and G2 heterogeneous parts). Their so-called stress-related ligands, such as MHC class-I Chain related A
and B (MICA/B) and UL-16 Binding Proteins (ULBP 1-3) are widely expressed on various tumor cells. As it was
mentioned above, the loss of MHC-I antigens can decrease the sensitivity of tumor cells against T lymphocytes, but it
can increase their sensitivity against NK and other MHC-I unrestricted killer cells (such as type-1 NKT, gamma/delta
T and probably several alpha/beta T cells too). Therefore, the regulation of both NKG2D and its stress-related ligands
has a crucial importance. As it was mentioned, the dominance of M2 and D2 cells in tumor patients can lead to an
enhanced production of growth factors which can contribute not only to the down regulation of the type-1 natural
immune cells but they can also diminish the expression of the NKG2D ligands. Indeed, it was shown that Epidermis
Growth Factors can inhibit the NK cytotoxicity against cancer cells by down regulating the expression of ULBP 1-2 or
MICA and MICB on the tumor cell membrane [30-31]. Therefore, as shown in figure 4, the expression of NKG2D on
killer cells and the expression of stress related molecules on the tumor cells can play an important role in the

regulation of MHC-I unrestricted natural effector mechanisms.
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Figure 4: Possible mechanisms to increase the MHC-I unrestricted killer functions.

Case report of a patient with lung adenocarcinoma who were treated with a combination of Erlotinib

(GFR-tyrosin-kinase inhibitor) and evidence based immunomodulators (RBAC)

As it was mentioned, the stimulatory effect of GFR signalling pathway inhibitors on the expression of stress-
related molecules resulting in an enhanced sensitivity of tumor cells to NK cytotoxicity. Therefore, their combination
with evidence based immunomodulators, which can increase the NKG2D expression and the cytotoxicity of NK cells
against these by GFR inhibitor sensitized tumor cells, is very promising. Indeed, following case report may support
this synergistic effect. A 75 years old patient with inoperable lung adenocarcinoma showed during a chemotherapy
with four cycles Carboplatin and Paclitaxel a very rapid progression. The patient was in a terminal state. Therefore,
the chemotherapy was stopped and Erlotinb (daily 75mg Tarceva) was started in a combination with standardized
(RBAC and VAA-I extract) immunomodulator treatment. As shown in Figure 5, seven months later a nearly complete

remission was established by CT and the duration of this remission was longer than three years.

Figure 5: CT investigations of lungs in the patient with inoperable adenocarcinoma which is localized on the boundary of middle and lower
right lobes which were accompanied with an extensive atelectasy (A) prior the chemotherapy; (B) after four cycles Carboplatin (110 mg/m?)
and Paclitaxel (90 mg/m?); (C): seven months after a combinative treatment with Erlotinib (75 mg daily) and standardized plant
immunomodulators giving 0.75 ng/kg VAA-I in extract and 45 mg/kg RBAC.

Erlotinib belongs to the first agents to target tyrosine kinase of the EGFR. Clinical trials of patients with
advanced non-small-cell lung cancer (NSCLC) who had or had previously been treated with chemotherapy the
response rate to EGFR tyrosine kinase inhibitor between 8% and 15% was found [32,33]. Interestingly, in a very large

study, in that the median survivals of 1466 patients were compared after chemotherapy (75 mg/m2 Docetxel every 3
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weeks) versus EGFR inhibitor (250 mg/daily Gefitinib), no significant differences were found [34]. Therefore, this
beneficial combination of EGFR inhibitors with standardized and evidence based plant immunomodulators is very

promising.

Case report of a patient with carcinoma in biliary duct who were treated with a combination of
another GFR signaling pathway (MEK/BRAF) inhibitors and of evidence based immunomodulators
(RBAC)

Similar to the combination with Erlotinib but maybe it is a more exciting case report in that MEK /BRAF
inhibitors were combined with evidence based immunomodulator (BRCA). As it well known, MEK (Mitogen activated
Extracellular signal regulation Kinase) inhibitors can down regulate the MAPK (Mitogen Activated Protein Kinase)
cascade (RAS / RAF/ MEK / ERK) which plays an important role in the enhanced cell cycle progression and cell
migration in tumor patients. In case of BRAF mutations between MEK and BRAF inhibitors exists a synergistic effect.
Moreover, similar to erlotinib MEK inhibitor can also up regulate the expression of stress-related molecules
(MICA/B, ULBP1-3, see Figure 4). Yang L et al. [35] reported that “the most significant effect of MEK/Erk signaling
inhibitors is the recovery of tumor induced decrease of NKG2D ligands (MICA/B and ULBP1-3).” However, in spite of
their immune sensitivity enhancing effect, MEK inhibitors alone (without immunomodulator) can induce only a
transient clinical remission and a complete remission is rarely observed. Outgrowth of MEK inhibitor resistant clones
within progressed tumors appears to be inevitable [36]. (Manufacturers are now considering their further
production). Therefore, the astonishing results of following case report, in that MEK inhibitor was combined with

high doses of evidence based immunomodulator (RBAC), are very surprising.

CCHEMOTHERAW MEK + BRAF INHIBITOR + RICE BRAN ARABINOXYLAN

S

*

+ —— s "

+ 2016 Mareh  Junc Aug  Sept Okt Mov

Figure 6: MR investigations of a patient with biliary duct cancer represents a complete remission after a treatment with 1 x 2mg Trametinib
and 2 x 150mg dabrafenib combined with 45 mg rice brai arabinoxylan concentrate. Parallel the CEA tumor marker showed also a rapid
normalization. (A) Prior to therapy with MEK inhibitor and RBAC 45mg/kg; (B) 7 months later;(C) Rapid decrease of CEA after a combination
of MEK inhibitor with RBAC

A 58-year-old patient with inoperable low differentiated adenocarcinoma in biliary duct after 30 GY
irradiation and two cycles chemotherapy (Gemcitabine and Cisplatin) a very rapid progression of lung, liver and brain
metastases were established by CT and MR investigations. The patient was nearly in terminal state. The
chemotherapy was stopped and a treatment with MEK and BRAF inhibitors was started in a combination with daily
45 mg/kg RBAC and after 4 weeks a rapid improvement of her disease was observed. Eight months later nearly
complete remissions of all metastases were established by CT and MR. Figure 6 demonstrates complete remission of a
brain metastasis in cerebellum and the rapid improvement of her tumor marker.

The astonishing results of these two case reports can suggest the hypothesis that enhancing effect on NKG2D
expression by evidence based immunomodulator (RBAC) parallel with an enhancing effect on expression of stress

related ligands by Growth Factor receptor signaling pathway inhibitors may result in a synergistic clinical benefit.
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Further clinical investigations are necessary to prove this hypothesis but for this aim we need an acceptance for

evidence based immunomodulators.

Combination of Cytostatic Therapy with Evidence Based Immunomodulator (RBAC) May

Also Open New Perspectives in Tumor Research: A Hypotheses based on Case Reports

Effect of cytostatic therapy (such as Gemcitabin) on the stress related NKG2D ligands (MICA/B,
ULBP1-3) on tumor cells

Clinical observations can often suggest a clinical benefit if conventional cytostatic treatment is
combined with evidence based and standardized immunomodulator. For example, Bang et al have found in a
double-blind clinical trial in that liver cancer patients were treated with and without BRCA parallel
conventional chemotherapy that the two years survival was six-fold higher in BRCA group [27]. Consequently,
the question arose as to whether several cytostatic drugs can also enhance the expression of NKG2D ligands
resulting in enhanced sensitivity to MHC-I unrestricted killer mechanisms. At present not too, much data about
it are available. On this occasion the interesting results of Morisaki et al. [37] must be mentioned. These
authors investigated the effect of Gemcitabin on MICA/B expression in culture of T24 urothelial cancer cells.
0.1 ug/ml concentration of Gemcitabin was able to induce a more than twice increase in expression of MICA/B
on cancer cells. Interestingly higher doses (for example 1 ug/ml) were less effective. Other authors have also
established these results [38,39]. It was also shown that the NK sensitivity of T24 urothelial cancer cells with

and without IL-2 was also elevated [37]. Clinical case reports can support these in vitro results.

Two case reports in that the combination of Gemcitabin with evidence based immunomodulators
(RBCA and VAA-]) results in astonishing clinical responses

A 55 years old breast cancer patient after the chirurgic operations progressive skin metastases are set in on
the chest which were resistant against various cytostatic treatments. However, as shown in Figure 7, these skin
metastases showed a rapid remission after a treatment with a combination of Gemcitabin and evidence based
standardized plant immunomodulators. Parallel with the clinical remission the tumor markers (CEA and CA15-3) are

also normalized after six months.
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Figure 7: Histological documented skin metastases of a breast cancer patient showed a very rapid remission after a treatment with
Gemcitabin and standardized plant immunomodulators. Tumor markers were also normalized after six months. (A) Prior to the therapy; (B)
After six months; (C) CEA; (D) CA-15-3

In another case report with combination of Gemcitabin and immunomodulator similar astonishing results
were observed. A now 48 years old patient with metastatized and in years 2012 and 2014 chirurgical operated
bilateral ovarian carcinoma after 16 cycles Taxol and Carboplatin therapy had a local recurrence on the right side

which was chirurgic not removed. The chemotherapy with Taxol and Carboplatin was stopped and in January 2016
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Gemcitabin in reduced doses was started. Parallel standardized and evidence based plant immunomodulators were
also given. As shown in Figure 8, after 14 months a complete remission was established by CT investigation. After 28
treatments the Gemcitabin therapy was stopped and one year later 2 x 400mg several months later 2 x 300mg PARP
(Poly-ADP-Ribose-Polymerase) inhibitor was started. Parallel the patient is treated with immunomodulators and

until Sept 2018 she is tumor free.

Figure 8: Complete remission of local recurrence of a 2012 and 2014 chirurgic operated ovarian carcinoma patient. After 16 cycles the Taxol
and Carboplatin treatment were stopped and in January 2016 a combination of Gemcitabine (given in reduced doses) and plant
immunomodulators (lectin and arabinoxylan) was started. (A) Prior to the treatment; (B) 14 months later

Is the combination of low dose chemotherapy with evidence based immunomodulators also
promising?

The effect of lower doses of chemotherapy on the immunoregulation is poorly understood. Preliminary data
[40] suggest higher maximum tolerated doses can stronger stimulate the type-2 cells regulating T cells and the

suppressor macrophages. This hypothesis seems to be supported with following case report.

A 49-year-old patient had ductal mammary carcinoma [T2 N1 (3/17) Mx], a tumorectomy in January 2010,
and subsequently a hormone treatment (Femara) and chemotherapy (six cycles epirubicin and docetaxel) were
carried out. In April 2011 multiple hepatic metastases were detected in PET/CT. In December 2011 seven liver
metastases were removed by surgery. Six weeks later a considerable progression of hepatic metastases was
established in PET/CT. Because of the bad liver functions only a mono-chemotherapy with 60-70% reduced doses
(2000 mg later 1500 mg Xeloda/day) was given for 21 day per month. In the same time an immunomodulatory
treatment with leetin-standardized immunomodulators (RBAC and VAA-I) was started. In April 2012 a considerable
remission of the hepatic metastases (only three small metastases) were detected in CT (Figure 9). From January 2012
until July 2012 the tumor markers decreased: carcinoembryonic antigen (CEA) from 36.1 to 2.95 ng/ml and the tissue
polypeptide antigen (TPA) from 232 to 56.3 U/l (Figure 9). A rapid improvement of liver functions was also
observed. In August 2012 a nearly complete remission of the hepatic metastases could be established. (The metastases

were not measurable in CT). The quality of life was thereafter excellent, the patient has been able to work 100%.
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Figure 9: Liver metastases of a breast cancer patient who were treated a with 60 and 70% reduced Xeloda doses in a combination with
evidence based plant immunomodulators. (A) After seven months the liver metastases were not measurable in CT (B) Tumor markers (CEA)
are also normalized.

Conclusions

Taken together the above described data and results we can conclude that NKG2D receptor on NK and on
other MHC-I unrestricted killer cells and their stess-related ligands on tumor cells are pivotal regulator molecules in
the tumor defence.

Our case reports may also support the hypothesis that an activation of killing activator receptors (NKG2D)
by evidence based and standardized plant immunomodulators and a parallel stimulation of expression of their ligands
(MICA/B and ULBP1-3) with GFR inhibitors or with lower doses of Gemcitabin or of other cytostatic drug can open
innovative approach in the tumor therapy.

Rice Bran Arabinoxylan Concentrate (RBAC) which is manufactured with the name of BioBran or MGN-3 is
one of the best evidence based and standardized immunomodulator. Unfortunately, because of plant origin
BioBran/MGN-3 is registered only as food supplement in the whole world and ignored in oncological centers. Since at
present we don’t have better evidence based immunomodulators, the further research of above mentioned hypotheses

is hindered. What can we do?
References

1. Ferrone S, Marincola FM (1995) Loss of HLA class I antigens by melanoma cells: molecular mechanisms,
functional significance and clinical relevance. Immunol Today 16: 487-494.

2. Seliger B, Maeurer MJ, Ferrone S (2000) Antigen-processing machinery breakdown and tumor growth.
Immunol Today 21: 455-464.

3. Doan T, Melvold R, Viselli S, Waltenbaugh C (2008) Presentation by MHC class 1. Harvey RA, Champe PC,
editors In: Immunology. Lippincott Williams and Wilkins, Philadelphia, USA pp: 123-126.

4. Male D, Brostoff J, Roth DB, Roitt I (2013) Immunity to Cancer. Hyde M, Vosburgh A, editors In:
Immunology. International Edition, Elsevier, Netherlands pp:355-365.

5. Venza M, Visalli M, Catalano T, Beninati C, Teti D, et al. (2017) Epidrugs in the Immunotherapy of
Cutaneous and Uveal Melanoma. Anticancer Agents Med Chem 17: 190-205.

6. Mantovani A (2007) Inflammation and cancer; the macrophage connection. Medicina (Buenos Aires) 67: 32-34.

7. Sanchez-Torres C, Garcia-Romo GS, Cornejo-Cortés MA, Rivas-Carvalho A, Sanchez-Schmitz G (2001)
CD16+ and CD16- human blood monocyte subsets differentiate in vitro to dentritic cells with different
abilities to stimulate CD4+ T cells. Int Immunol 13: 1571-1581.

8. Hajto T, Lanzrein C (1983) Frequency of LGL in peripheral blood of healthy persons and breast cancer

patients. Cancer Immunol Immunother 16: 65-66.

Page 11 of 13 Volume 2, Issue 3, Article ID: 100014



http://www.ncbi.nlm.nih.gov/pubmed/7576053
http://www.ncbi.nlm.nih.gov/pubmed/7576053
http://www.ncbi.nlm.nih.gov/pubmed/10953098
http://www.ncbi.nlm.nih.gov/pubmed/10953098
http://www.ncbi.nlm.nih.gov/pubmed/27109020
http://www.ncbi.nlm.nih.gov/pubmed/27109020
http://www.medicinabuenosaires.com/revistas/vol67-07/supl_2/v67_sup2_p32_34_.pdf
https://www.ncbi.nlm.nih.gov/pubmed/11717198
https://www.ncbi.nlm.nih.gov/pubmed/11717198
https://www.ncbi.nlm.nih.gov/pubmed/11717198
https://www.ncbi.nlm.nih.gov/pubmed/6556952
https://www.ncbi.nlm.nih.gov/pubmed/6556952

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

Advances in Clinical and Translational Research

Hajto T, Hostanska K (1986) An investigation of the ability of Viscum Album Agglutinin- activated
granulocytes to regulate natural killer cells in vivo. Clin Tri J 23: 345-358.

Hajto T, Fodor K, Aponyi I, Pallai Zs, Balogh P, et al. (2007) Unexpected different binding of mistletoe
lectins from plant extracts to immobilized lactose and N-acetylgalactosamine. Anal Chem Insights 2: 43-50.
Hajt6 T, Fodor K, Perjési P, Németh P (2011) Difficulties and perspectives of immunomodulatory therapy
with mistletoe lectins and standardized mistletoe extracts in evidence-based medicine. Evid Based
Complement Alternat Med 2011: 298972.

Dietrich JB, Ribereau-Gayon G, Jung ML, Franz H, Beck JP, et al. (1992) Identity of the N-terminal
sequences of the three A chains of mistletoe (Viscum album L.) lectins: homology with ricin-like plant toxins
and single-chain ribosome-inhibiting proteins. Anticancer Drugs 3: 507-511.

Stirpe F, Barbieri L, Batelli MG, Soria M, Lappi DA (1992) Ribosome-inactivating proteins from plants:
present status and future prospects. Biotechnology (N Y) 10: 405-412.

Hajto T, Hostanska K, Fischer J, Lentzen H (1996) Investigations of cellular parameters to establish the
response of a biomodulator: galactoside-specific lectin from Viscum album plant extract. Phytomedicine 3:
129-137.

Cholujova D, Jakubikova J, Czako B, Martisova M, Hunakova L, et al. (2013) MGN-3 arabinoxylan rice bran
modulates innate immunity in multiple myeloma patients. Cancer Immunol Immunother 62: 437-445.
Cholujova D, Jakubikova J, Sedlak J (2009) BioBran-augmented maturation of human monocyte-derived
dendritic cells. Neoplasma 56: 89-95.

Tan BL, Norhaizan ME2 (2017) Scientific Evidence of Rice By-Products for Cancer Prevention:
Chemopreventive Properties of Waste Products from Rice Milling on Carcinogenesis In Vitro and In Vivo.
Biomed Res Int 2017: 9017902.

Pérez-Martinez A, Valentin J, Fernidndez L, Hernandez-Jiménez E, Lopez-Collazo E, et al. (2015)
Arabinoxylan rice bran (MGN-3/Biobran) enhances natural killer cell-mediated cytotoxicity against
neuroblastoma in vitro and in vivo. Cytotherapy 17: 601-612.

Badr El-Din NK, Ali DA1, Alaa El-Dein M1, Ghoneum M2 (2016) Enhancing the Apoptotic Effect of a Low
Dose of Paclitaxel on Tumor Cells in Mice by Arabinoxylan Rice Bran (MGN-3/Biobran). Nutr Cancer 68:
1010-1020.

Badr El-Din NK, Abdel Fattah SM, Pan D, Tolentino L, Ghoneum M (2016) Chemopreventive activity of
MGN-3/Biobran against chemical induction of glandular stomachcarcinogenesis in rats and its apoptotic
effect in gastric cancer cells. Integr Cancer Ther 15: NP26-NP34.

Ghoneum M, Agrawal S (2014) Mgn-3/biobran enhances generation of cytotoxic CD8+ T cells via
upregulation of dec-205 expression on dendritic cells. Int J Immunopathol Pharmacol 27: 523-530.
Ghoneum M, Badr El-Din NK, Ali DA, El-Dein MA (2014) Modified arabinoxylan from rice bran, MGN-
3/biobran, sensitizes metastatic breast cancer cells to paclitaxel in vitro. Anticancer Res 34: 81-87.

Ghoneum M, Badr El-Din NK, Abdel Fattah SM, Tolentino L (2013) Arabinoxylan rice bran (MGN-
3/Biobran) provides protection against whole-body y-irradiation in mice via restoration of hematopoietic
tissues. J Radiat Res 54: 419-429.

Ghoneum M, Agrawal S (2011) Activation of human monocyte-derived dendritic cells in vitro by the
biological response modifier arabinoxylan rice bran (MGN-3/Biobran). Int J Immunopathol Pharmacol 24:

941-948.

Page 12 of 13 Volume 2, Issue 3, Article ID: 100014


https://www.ncbi.nlm.nih.gov/pubmed/19662176
https://www.ncbi.nlm.nih.gov/pubmed/19662176
http://www.ncbi.nlm.nih.gov/pubmed/19939951
http://www.ncbi.nlm.nih.gov/pubmed/19939951
http://www.ncbi.nlm.nih.gov/pubmed/19939951
https://www.ncbi.nlm.nih.gov/pubmed/1450445
https://www.ncbi.nlm.nih.gov/pubmed/1450445
https://www.ncbi.nlm.nih.gov/pubmed/1450445
https://www.ncbi.nlm.nih.gov/pubmed/1368484
https://www.ncbi.nlm.nih.gov/pubmed/1368484
https://www.ncbi.nlm.nih.gov/pubmed/23194960
https://www.ncbi.nlm.nih.gov/pubmed/23194960
https://www.ncbi.nlm.nih.gov/pubmed/23194960
https://www.ncbi.nlm.nih.gov/pubmed/22941038
https://www.ncbi.nlm.nih.gov/pubmed/22941038
http://www.ncbi.nlm.nih.gov/pubmed/19239320
http://www.ncbi.nlm.nih.gov/pubmed/19239320
http://www.ncbi.nlm.nih.gov/pubmed/28210630
http://www.ncbi.nlm.nih.gov/pubmed/28210630
http://www.ncbi.nlm.nih.gov/pubmed/28210630
https://www.ncbi.nlm.nih.gov/pubmed/25541298
https://www.ncbi.nlm.nih.gov/pubmed/25541298
https://www.ncbi.nlm.nih.gov/pubmed/25541298
http://www.ncbi.nlm.nih.gov/pubmed/27367621
http://www.ncbi.nlm.nih.gov/pubmed/27367621
http://www.ncbi.nlm.nih.gov/pubmed/27367621
https://www.ncbi.nlm.nih.gov/pubmed/27151588
https://www.ncbi.nlm.nih.gov/pubmed/27151588
https://www.ncbi.nlm.nih.gov/pubmed/27151588
http://www.ncbi.nlm.nih.gov/pubmed/25572732
http://www.ncbi.nlm.nih.gov/pubmed/25572732
https://www.ncbi.nlm.nih.gov/pubmed/24403447
https://www.ncbi.nlm.nih.gov/pubmed/24403447
https://www.ncbi.nlm.nih.gov/pubmed/23287771
https://www.ncbi.nlm.nih.gov/pubmed/23287771
https://www.ncbi.nlm.nih.gov/pubmed/23287771
https://www.ncbi.nlm.nih.gov/pubmed/22230400
https://www.ncbi.nlm.nih.gov/pubmed/22230400
https://www.ncbi.nlm.nih.gov/pubmed/22230400

25.

26.

27.

28.

29.

30.

31.

32.

33-

34.

35-

36.

37

38.

39-

40.

Advances in Clinical and Translational Research

Noaman E, Badr El-Din NK, Bibars MA, Abou Mossallam AA, Ghoneum M (2008) Antioxidant potential by
arabinoxylan rice bran, MGN-3/biobran, represents a mechanism for its oncostatic effect against murine
solid Ehrlich carcinoma. Cancer Lett 268: 348-359.

Gollapudi S, Ghoneum M (2008) MGN-3/Biobran, modified arabinoxylan from ricebran, sensitizes human
breast cancer cells to chemotherapeutic agent, daunorubicin. Cancer Detect Prev 32: 1-6.

Bang MH, Riep TV, Thinh NT, Song LH, Dung TT, et al (2010) Arabinoxylan rice bran (MGN-3) enhances
the effect of interventional therapies for the treatment of hepatocellular carcinoma: A three-year rabdomized
clinical trial. Anicancer Res 30: 5145-5151.

Itoh Y, Mizuno M, Ikeda M, Nakahara R, Kubota S, et al. (2015) A Randomized, Double-Blind Pilot Trial of
Hydrolyzed Rice Bran versus Placebo for Radioprotective Effect on Acute Gastroenteritis Secondary to
Chemoradiotherapy in Patients with Cervical Cancer. Evid Based Complement Alternat Med 2015: 974390.
McDermott C, Richards SC, Thomas PW, Montgomery J, Lewith G (2006) A placebo controlled, double-
blind, randomized controlled trial of a natural killer cell stimulant (BioBran MGN-3) in chronic fatigue
syndrome. QJM 99: 461-468.

Bae JH, Kim SJ, Kim MJ, Oh SO, Chung JS, et al. (2012) Susceptibility to natural killer cell-mediated lysis of
colon cancer cells is enhanced by treatment with epidermal growth factor receptor inhibitors through UL16-
binding protein-1 induction. Cancer Sci 103: 7-16.

He S, Yin T, Li D, Gao X, Wan Y, et al. (2013) Enhanced interaction between natural killer cells and lung
cancer cells: involvement in gefitinib-mediated immunoregulation. J Transl Med 11: 186.

Fukuoka M, Yano S, Giaccone G, Tamura T, Nakagawa K, et al (2003) Multiinstitutional randomized phase
11 trial of gefitinib for previously treated patients with advanced non-small-cell lung cancer. J Clin Oncol 21:
2237-2246.

Shepherd FA, Rodrigues Pereira J, Ciuleanu T, Tan EH, Hirsh V, et al. (2005) Erlotinib in previously treated
non-small-cell lung cancer. N Engl J Med 353: 123-132.

Kim ES, Hirsh V, Mok T, Socinski MA, Gervais R, et al (2008) Gefinitib versus docetaxel in previously
treated non-small-cell lung cancer INTEREST): a randomized phase III trial. Lancet 372: 1809-1818.

Yang L, Shen M, Xu LJ, Yang X, Tsai Y, et al. (2017) Enhancing NK cell-mediated cytotoxicity to cisplatin-
resistant lung cancer cells via MEK/Erk signaling inhibition. Sci Rep 7: 7958.

Smith MP, Wellbrock C (2016) Molecular Pathways: Maintaining MAPK Inhibitor Sensitivity by Targeting
Nonmutational Tolerance. Clin Cancer Res 22: 5966-5970.

Morisaki T, Hirano T, Koya N, Kiyota A, Tanaka H, et al (2014) NKG2D-directed cytokine-activated killer
lymphocyte therapy combined with gemcitabine for patients with chemoresistant metastatic solid tumors.
Anticancer Res 34: 4529-4538.

Okita R, Wolf D, Yasuda K, Maeda A, Yukawa T, et al. (2015) Contrasting Effects of the Cytotoxic Anticancer
Drug Gemcitabine and the EGFR Tyrosine Kinase Inhibitor Gefitinib on NK Cell-Mediated Cytotoxicity via
Regulation of NKG2D Ligand in Non-Small-Cell Lung Cancer Cells. PLoS One 10: e0139809.

Xie X, Zhou Y, Wang X, Guo J, Li J, et al (2017) Enhanced antitumor activity of gemcitabine by
polysaccharide-induced NK cell acivation. Carbohydrate Polym 173: 360-371.

Shaked Y, Pham E, Hariharan S, Magidey K, Beyar-Katz O, et al. (2016) Evidence Implicating
Immunological Host Effects in the Efficacy of Metronomic Low-Dose Chemotherapy. Cancer Res 76: 5983-
5993.

Page 13 of 13 Volume 2, Issue 3, Article ID: 100014


http://www.ncbi.nlm.nih.gov/pubmed/18554778
http://www.ncbi.nlm.nih.gov/pubmed/18554778
http://www.ncbi.nlm.nih.gov/pubmed/18554778
https://www.ncbi.nlm.nih.gov/pubmed/18406070
https://www.ncbi.nlm.nih.gov/pubmed/18406070
https://www.ncbi.nlm.nih.gov/pubmed/21187503
https://www.ncbi.nlm.nih.gov/pubmed/21187503
https://www.ncbi.nlm.nih.gov/pubmed/21187503
http://www.ncbi.nlm.nih.gov/pubmed/26693248
http://www.ncbi.nlm.nih.gov/pubmed/26693248
http://www.ncbi.nlm.nih.gov/pubmed/26693248
https://www.ncbi.nlm.nih.gov/pubmed/16809351
https://www.ncbi.nlm.nih.gov/pubmed/16809351
https://www.ncbi.nlm.nih.gov/pubmed/16809351
http://www.ncbi.nlm.nih.gov/pubmed/21951556
http://www.ncbi.nlm.nih.gov/pubmed/21951556
http://www.ncbi.nlm.nih.gov/pubmed/21951556
http://www.ncbi.nlm.nih.gov/pubmed/23937717
http://www.ncbi.nlm.nih.gov/pubmed/23937717
https://www.ncbi.nlm.nih.gov/pubmed/12748244
https://www.ncbi.nlm.nih.gov/pubmed/12748244
https://www.ncbi.nlm.nih.gov/pubmed/12748244
http://www.ncbi.nlm.nih.gov/pubmed/16014882
http://www.ncbi.nlm.nih.gov/pubmed/16014882
https://www.ncbi.nlm.nih.gov/pubmed/19027483
https://www.ncbi.nlm.nih.gov/pubmed/19027483
http://www.ncbi.nlm.nih.gov/pubmed/28801607
http://www.ncbi.nlm.nih.gov/pubmed/28801607
http://www.ncbi.nlm.nih.gov/pubmed/27797970
http://www.ncbi.nlm.nih.gov/pubmed/27797970
https://www.ncbi.nlm.nih.gov/pubmed/25075096
https://www.ncbi.nlm.nih.gov/pubmed/25075096
https://www.ncbi.nlm.nih.gov/pubmed/25075096
http://www.ncbi.nlm.nih.gov/pubmed/26439264
http://www.ncbi.nlm.nih.gov/pubmed/26439264
http://www.ncbi.nlm.nih.gov/pubmed/26439264
https://www.ncbi.nlm.nih.gov/pubmed/28732877
https://www.ncbi.nlm.nih.gov/pubmed/28732877
http://www.ncbi.nlm.nih.gov/pubmed/27569209
http://www.ncbi.nlm.nih.gov/pubmed/27569209
http://www.ncbi.nlm.nih.gov/pubmed/27569209



