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Introduction
The mechanistic process that may link diabetes mellitus to cancer 

is not completely understood yet. A great number of studies support 
a relationship between diabetes and increased risk of cancer in that 
endogenous or exogenous increased insulin level appears to play an 
important role [1-6].

The investigations to find an association between insulin and 
cancer risk are mostly carried out at patients with type-2 Non-Insulin-
Dependent-Diabetes-Mellitus (NIDDM). The patients with type-
1 Insulin-Dependent-Diabetes-Mellitus (IDDM) with progressive 
destroyed beta cells have often a non-physiological insulin replacement 
which does not match insulin needs and done to avoid hyperglycemia 
and its consequences [7,8]. As it well known, patients with NIDDM 
have an insulin resistance in spite of normal or over-production of 
insulin by the beta cells with often not reduced islet mass.  In addition, 
no abnormalities are apparent either in the structure of insulin receptor 
or in the for signalization-responsible tyrosine-kinase. In vivo studies 
have it also demonstrated that in NIDDM the number of insulin 
receptors show no or only a very modest decrease. However, the insulin-
mediated stimulation of tyrosine-kinase and autophosphorylation is 
impaired resulting in the insulin resistance (i.e. decreased sensitivity 
to insulin action by the receptors). It is also clear that the major locus 

of insulin resistance is distal to the receptor for which a very complex 
regulation is responsible. This lower responsiveness of insulin-receptors 
can explain the increased insulin level observed often in patients with 
NIDDM which are often discussed to play a role in a possible increased 
cancer risk. For example, in a meta-analysis with a great number of 
diabetes patients a comparison between insulin-use-group with non-
insulin-group revealed a statistically significant association between 
insulin therapy and cancer [9]. The question, as to whether insulin can 
decrease the tumor defense mechanisms, was until now poorly investigated. 

Since insulin and its precursors have been shown to have some 
homology to the Insulin-like Growth Factors (IGFs), an association 
between insulin and carcinogenesis appears to be plausible. Indeed, 
IGF-1 receptors, which can bind IGF-1 and IGF-2 with high affinity, are 
also able to bind Insulin with 100-fold less affinity resulting in only a 
very weak mitogenic effect [10]. Since the relationship between cancer-

Abstract
Background: There are conflicting data about the relationship between diabetes mellitus and cancer risk in that growing evidence suggest a possible role of endogenous 
elevated insulin level which is often found in Non-Insulin-Dependent-Diabetes-Mellitus or an exogenous hyperinsulinemia observed often in Insulin-Dependent-
Diabetes-Mellitus. In the last years higher attention focused on the role of immunoregulation both in the insulin production by β-cell of Langerhans-islets and in the 
insulin sensitivity (resistance) of insulin receptors. Interestingly, cytokines from type-2 innate immune cells, such as M2 macrophages or D2 dendritic cells exhibit a 
protective effect on both types of diabetes. However, the effect of insulin on the balance between type-1 and type-2 natural immune mechanisms, which is important 
for the tumor defense, was poorly investigated.

Material and methods: Streptozotocin (STX)-treated Wister rats was treated per oral with a non-optimal single dose of an evidence based and standardized plant 
immunomodulator, namely Rice Bran Arabinoxylan Concentrate (RBAC) which has been shown to activate type-1 innate immune cells (such as M1, D1 and NK 
cells). 24h after a single dose of RBAC (45mg/kg) four parameters of NK cells were determined with flow cytometry using stained CD161-APC and CD314-PE 
monoclonal antibodies and by hematological examinations. The results were compared with negative controls (without STX or RBAC treatment). 

Results: Since STX caused a significantly reduced lymphocyte production in bone marrow, only the RBAC-induced relative increases in number of NKR-P1+ and 
LGL cells among the all lymphocyte population parallel with the frequency and intensity of the most important Killing Activator Receptor, namely NKG2D among 
the total NK cell population were determined. In the STX-untreated group RBAC induced only not significant increases compared with negative control values. 
However, in STX-treated groups all four NK parameters revealed RBAC-induced significant increases (p<0.05) compared to the negative controls.  

Conclusion: These results suggest the hypothesis that insulin deficit can increase the immunomodulator-induced activation of type-1 innate immune cells indicating 
that insulin takes part on regulation of the natural immune balance inhibiting the type-1 innate antitumor defense.
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risk and insulin is not yet understood arises the question about the 
impact of insulin on immunoregulation. This is becoming increasingly 
relevant since in the last decade a polarization of innate immune 
system was discovered which appears to be strongly associated with the 
polarity of neuroendocrine system. Namely, the innate immune system 
is committed in two directions. 

As shown in Figure 1, the type-1 macrophages (M1) and from 
monocytes originated type-1 dendritic cells (D1) generate proinflammatory 
cytokines such as interleukin (IL)-1 (only at short time), facilitate the 
production of IL-12, activate cytotoxic effectors, such as natural killer 
(NK), gamma-delta T and type-1 NKT1 cells which are potent inhibitors of 
tumor growth in MHC unrestricted manner [11-13]. However, these type-
1 innate immune cells are down regulated in tumor disease [13]. Moreover, 
available information suggests that there is a tumor-induced dominance 
of type-2 macrophages (M2) and of the 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 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% [11,12]. In the tumor 
immunological research there are always more data which support this 
polarity. For example, in the patients with pancreas cancer, which has 
mostly a very unfavorable prognosis, the dominance of type-2 mechanisms 
appear to play a considerable role. It has been repeatedly shown that the 
peripheral level and cytotoxic activity of NK cells are positively correlated 
with their survival [14,15]. New evidences indicate that pancreas carcinoma 
cells release metabolites favoring the expansion and accumulation of 
monocytic-myeloid derived suppressor cells resulting in an increased level 
of both circulating and tumor infiltrating type-2 innate immune cells and 
this disturbed balance is associated with its shorter overall survival [16]. 

A relationship between the immunoregulation and insulin sensitivity 
is also established [17-19]. As it will be discussed later the type-1 innate 

system appears to decrease and typ-2 system seems to increase the 
sensitivity of insulin receptors. Therefore, the present study is connected 
with surprising observations of previous experiment in rats [20] in that a 
microinjection of Interleukin (IL)-1β into the nucleus accumbens, which 
belongs to the limbic structures in the medial mediodorsal prefrontal 
cortex, resulted in an elevated glucose level established by the acute 
glucose tolerance test (GTT). Since IL-1β plays a key role in the activation 
of type-1 innate immune cascade mechanism (see Figure 1), present 
study directed to investigate the association between insulin and type-
1 natural immune defense. Wistar rats were treated with Streptozotocin 
(STZ) which is known to selectively destroy β-cells of the Langerhans-
islet inducing a type-1 diabetes. After establishment of destroying 
effect of STZ on β-cells using GTT, the effect of an evidence based and 
standardized plant immunomodulator, namely Rice Bran Arabinoxylan 
Concentrate (RBAC) on type-1 natural immunity was investigated. For 
this reason, the relative increases in peripheral NK cell frequency and 
their activating receptors were determined with and without previous 
STZ treatment. Our results support an inhibitory effect of insulin on the 
NK responses indicating a possible role of insulin in the regulation of 
natural immune defense which in the insulin-induced increase of cancer 
risk can also play an important role. 

Material and methods
Animals

Thirty adult, male Wistar rats weighing 300-380 g were used in our 
present series of experiment. Animals were housed individually in a 
room with a 12-12h light-dark cycle. Constant room temperature (21 
+/-2°C) and humidity (60+/-5%) were assured. Tap water and ordinary 
laboratory chow were ad libitum available. Rats were kept and cared for 
in accordance with institutional, national and international regulations 
with a permission of Animal Welfare Committee University Pécs (Nr.: 
BAI/35/616-5/2018). 

Streptozotocin (STZ)

STZ was kindly provided by Department of Pharmaceutical 
Chemistry in University Pécs. As it well known, STZ can selectively 
destroy beta cells of the Langerhans-islet, so it is widely used to induce 
experimental typ-1 diabetes mellitus in animals [21-23]. Nine days 
before the blood test, 65mg/kg STZ was injected into the tail vein. After 
a week the animals were investigated with glucose tolerance test in 
order to exclude the non-diabetic animals. 

Flow cytometry

Ten days after intravenous STZ administration, the animals were 
killed according to a government decree (40/2013/II.14 – in Annex 4) 
that followed 2-3 ml of blood to be down. For Flow Cytometric assay 
approximately 100 µl of blood in EDTA tubes was diluted with PBS 
containing 1% BSA, 0.02M EDTA, 0.02% sodium azide (PBS-BEA) 
and centrifuged at room temperature. The cells were resuspended in 
PBS-BEA and stained with appropriate monoclonal antibodies (mAbs) 
according to the standard staining procedure. The mAbs for flow 
cytometry were purchased from Merck KGaA (Darmstadt). For CD3 
determination CD3-FITC clone, for NKR-P1 CD161-APC clone and 
for NKG2D examination CD314-PE clone were used. 

Hematological investigation

Total leukocyte numbers were counted and from Giemsa-stained 
blood smears the differential leukocyte counts and LGL frequency 
among lymphocytes were determined by morphological examinations. 

Figure 1. Innate immune system omitted in two directions. M1 and D1 are type-1 
macrophages and dendritic cells which take part on the regulation of anti-tumor natural 
killer (NK and NKT1) cells serving as a relatively rapid defense. NK cells together with 
Th1 cells play a key role in the regulation of type-1 immune system. The alternative type-2 
phagocytic cells (M2 and D2), when exposed to Th2 cytokines such as IL-4 and IL-10, 
represent a regulatory phenotype producing cytokines, such as IL-10 and Transforming 
Growth Factor (TGF)-beta which inhibit the type-1 system
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Rice bran arabinoxylan concentrate (RBAC)

RBAC belongs to the most investigated and most evidence-based 
plant immunomudulator. It 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. RBAC preparations 
are standardized for its main chemical component: arabinoxylan with 
a xylose (in its main chain) and with arabinose polymers (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.  Indeed, this gently by 
hydrolyzing enzyme isolated RBAC has a similar immunomodulatory 
effect as bacterial PAMP molecules. 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 [24-
26] and exhibit clinical benefit [27-38]. 

Statistical analysis

All results are expressed as means +/-SEM. Since STZ caused a 
considerably decrease in absolute number of peripheral lymphocytes, 
the changes in various parameters of NK cells were analyzed using only 
relative evaluations among of total lymphocyte or NK population. At 
first the Window and Graphpad Instat software package were used for 
the statistical analysis of experimental data. One-way and repeated 
measures analysis of variance (ANOVA) was employed. For the relative 
values a Student’s t and U test according to Wilcoxon, Mann and 
Whitney using the Statgraphics stastistical package for IBM-compatible 
computer was also employed.  

Results 
Present trial was complicated by the fact that STZ at doses that 

can induce a type-1 diabetes, caused a significant (between 53% and 
75%) reduction in the absolute number of peripheral lymphocytes. 
Concentrations of other blood cell, however, remained normal. Since 

previous trials reported about a complete bone marrow reconstitution 
29-33 days after STZ treatment, we also tried to extend the interval 
between blood tests and 65 mg/kg STZ application. However, after 60 
days the STZ-induced decrease in the number of lymphocytes did not 
disappear. Therefore, for NK cell investigations we decided to analyze 
only the relative alterations.

For our in vivo trial three groups, containing six animals in each 
group, were selected: 1.) negative controls; 2.) rats were treated with 
45 mg/kg RBAC 24h prior to blood test but without STZ pretreatment; 
3.) 24h before the blood test the animals were also treated with 45 mg/
kg RBAC but after 65 mg/kg STX injection which was given nine days 
previously into the tail vein. Because of STZ-induced lymphopenia we 
wanted to analyze only the RBAC-induced relative increases compared 
to the negative control with and without previous STZ treatment. Our 
work hypothesis was the following: how can act a STZ-induced insulin 
deficit on the immunomodulator (RBAC)-induced NK responses. 
To see the differences between the second and third groups better, a 
single RBAC dose was only given. On base of previous (unpublished) 
investigations this single dose of RBAC within 24h is yet not able to 
induce an optimal NK response. 

Figure 2 shows using CD161-APC clone the flow cytometric 
determinations of relative values of NKR-P1 positive cells among the 
lymphocytes which is the most important marker for rat NK cells.  
The BRAC-induced increases were related to the negative control. As 
shown, RBAC without STZ treatment revealed a not significant 13.5% 
(+/- 6) increase. However, this enhancement was 35.7% (+/-11) and 
significant (p<0.05) in the STZ-treated group indicating an enhancing 
effect of insulin deficit on NK frequency. 

As shown in figure 3, hematological investigations supported 
these results with NKR-P1 frequency. As it is well known, NK cells are 
derived from bone marrow and morphologically have the appearance 
of large granular lymphocytes. They count for 5-15% of all lymphocytes 
in the circulation. LGL frequency among all lymphocytes in peripheral 
blood was 11,4% (+/-0.87) in negative control group. RBAC without 
STZ revealed only a not significant increase to 16.25% (+/-2.7) but 
RBAC with STZ treatment induced a significant elevation of LGL level 
with 30.75% (+/-6.5; p<0.05). 

Figure 2. Using CD161-APC clone flow cytometric determinations of RBAC-induced 
relative percentage increases of NKR-P1 positive NK cells among the lymphocytes without 
and with previous STZ treatment

Figure 3. NK cells are derived from bone marrow and morphologically have the appearance 
of large granular lymphocytes. Percentage of LGL frequency among all lymphocytes in 
peripheral blood was determined in the three groups of rats
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NK cells express a range of activator and inhibitory receptors. 
Interestingly, many of the inhibitory receptors expressed by NK cells 
also have an activating counterpart. In the background of activating 
and inhibitory receptor functions there is a very complex regulatory 
network. The most important Killing Activator Receptor (KAR) is the 
NKG2D molecule which is a member of C-type receptor family. NKG2D 
is a key activator expressed by all circulating NK cells. Therefore, in 
present study the RBAC-induced relative increases in frequency of 
NKG2D + - NKR-P1+ cells were also determined using CD161-APC 
and CD314-PE monoclonal antibodies. As shown in figure 4 the 
RBAC-induced increases related to negative controls among NK cell 
population were 10 (+/-6) % without STZ (NS) and 17.4 (+/-7) % with 
STZ treatment (p<0.05). Similar results were observed if the NKG2D 
intensity was determined on the NK cells. As shown in figure 5, the 
RBAC-induced relative increase compared with the negative controls 
was in NK cell population 12.5% (+/-7) without STZ (NS) and 24.1% 
(+/-10) after STZ treatment indicating that insulin deficit can has an 
enhancing effect on RBAC-induced NK response. 

Discussion 
Present results support the hypothesis that the polarity of innate 

immune system can be associated with the polarity of neuroendocrine 
system and a disturbed balance in their regulations can also play a role 
in an increased cancer risk of several patients with diabetes mellitus. 
As it was mentioned above, insulin also belongs to the growth factors 
and therefore it appears to be plausible that there is a close relationship 
between Insulin and the balance between type-1 and type-2 innate 
immune cells. As shown in figure 1 and mentioned previously, 
tumor patients parallel with their progression have always stronger 
predominance of type-2 innate cells. Cytokines of type-2 immune 
system, such as IL-4 or TGFβ can enhance the insulin sensitivity and 
are involved of increase in mass, proliferation and differentiation of β 
cell [17,18,39].  M2 cells secrete miRNA-containing exosomes which 
improve glucose tolerance and insulin sensitivity in obese mice [40]. In 
contrast, the type-1 macrophages (M1) and dendritic cells (D1) can take 
part on the downregulation of sensitivity of insulin receptors resulting in 
an insulin resistance on the targets [41]. These experiences are consistent 
with old clinical observations that an acute inflammation, that activates 

M1 and D1 as well as NK-cells, raises blood glucose level, decreases 
insulin production by β-cells and reduces the sensitivity of insulin 
receptors. Therefore, it is not surprising, that the type-1 cytokines, such 
as IL-1β given into the nucleus accumbens, which belongs to the limbic 
structures in the medial mediodorsal prefrontal cortex, resulted in an 
elevated glucose level established by the acute glucose tolerance test 
[20]. It seems logical that type-1 natural immune defense suppresses 
the type-2 system which serves to protect insulin production and effect. 
This insulin-protective effect of type-2 cytokines (such as IL-4 and IL-
10) in STZ-induced mice diabetes model was also established [42].  

However, we know almost nothing about the effect of insulin on 
the balance between type-1 and type-2 innate immune mechanisms. 
Considering that insulin production and efficacy are protected by type-
2 immune cells, it seems plausible that insulin, like type-2 system itself, 
is also involved in inhibiting of type-1 immune defense. Present results 
support this hypothesis since the responses of NK cells after a single 
application of an evidence-based and standardized immunomodulator 
(RBAC) was significant greater in STZ-treated mice. These results 
indicate that Insulin, belonging to the growth factors, is working 
together with the type-2 immune cells (such as M2 and D2). The NK-
cell activating effect by insulin deficit may help to better understand 
our previous clinical report in that the inhibition of growth factor 
receptors by MEK inhibitor revealed astonishing clinical results (rapid 
complete remissions of brain metastases) if it was combined with M1, 
D1 and NK-activating RBAC [43]. Since combination of protein kinase 
signalling pathway inhibitors and natural effector activators could open 
new perspectives in the tumor therapy, on base of present results it can 
be so concluded that we must better learn to manipulate the regulatory 
network both in neuroendocrine and in natural immune system.
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Figure 4. Using CD161-APC and CD314-PE monoclonal antibodies, RBAC-induced 
relative increases in NKG2 positivity among NKR-P1 cells are shown

Figure 5. Using CD314-PE the NKG2D intensity was determined on the NKR-P1 cells and 
compared with negative control
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