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Abstract. Microbiota refers to the total microorganisms of the microbial
community, while the term microbiome refers to a group of microbes that
includes bacteria, bacteriophages, fungi, protozoa and viruses. Microbiota is
considered to be an organ with its own functions that can modulate the
expression of genes involved in the defense of mucosal barrier, angiogenesis and
postnatal intestinal maturation. Changes in the composition of gut microbiota,
i.e. dysbiosis, may be associated with nosocomial infections, necrotizing
enterocolitis in premature infants, inflammatory bowel disease (IBD), obesity,
rheumatologic autoimmune diseases and allergies. Dysbiosis increases intestinal
permeability and the microbial translocation through the mucosa, thus resulting
in inflammation and metabolic endotoxemia. Therefore, a large number of
proinflammatory cytokines and oxygen free radicals are generated, all of which
are considered triggers for the development of immuno-inflammatory systemic
diseases. Many clinical studies have examined the link between autoimmune
diseases and dyshiosis using 16S rRNA genetic analysis. Clear evidences of
association with intestinal dysbiosis have been described in patients diagnosed
with IBD, spondylarthropathies, rheumatoid arthritis or systemic lupus
erythematosus. A mathematical model based on group invariance is developed.
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1. Introduction

Bacterial intestinal flora includes about 10** bacteria which represents
10 times more than the number of cells in the human body (Arrieta et al.,
2014; Saavedra and Dattilo, 2012). Since birth, the normal intestinal
microbiota contributes to the development of intestinal function, modulates
the immune system, helps to regulate and maintain intestinal function,
provides protection against infection and tolerance to food intake. We can talk
about a symbiosis of the bacteria-host interaction. Intestinal microbiota
diversity includes more than 1,500 microbial species, dominant bacteria group
being phyla species: Firmicutes and Bacteroidetes. The phyla group also
includes: Proteobacteria, Actinobacteria, Fusobacteria and Verrucomicrobia
(Human Microbiome Project C, 2012).

Microbiota has multiple roles in the development of the intestinal
immune system by: the modulation of intestinal mucous layer and lymphoid
structures, differentiation of immune cells and immune mediators
production, positive stimulatory effect on the innate and adaptive immune
system (Akira, 2006).

Changes in the composition of gut microbiota - dysbiosis - may be
associated with nosocomial infections, necrotizing enterocolitis in premature
babies, IBD, obesity, rheumatologic autoimmune diseases and allergies.
Dysbiosis increases intestinal permeability and the microbial translocation
through the mucosa, thus resulting inflammation and metabolic endotoxemia.
Therefore, a large number of proinflammatory cytokines and free radicals are
generated (Seksik and Langella, 2008).

Dysbiosis influence the intestinal mucosa by interacting with epithelial
cells and by the enteric nervous system, leading to changes in intestinal
motility, sensory function and the perception of pain (Konturek, 2011). Also,
dysbiosis is associated with the development of gastrointestinal and
extraintestinal disorders, as well as with an impaired liver function (Seksik and
Langella, 2008; Mondot et al., 2013).

2. Microbiota and IBD

Genetics and environmental factors and the host immunity forms a triad
that it has been shown to regulate the TCR function (Toll like receptor). When
this relationship is disturbed, it can develop aberrant TCR signals which
contribute to the formation of inflammasomes that will cause intestinal
inflammation (IBD) (Frosali et al., 2015).
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Risk factors for the occurrence of IBD include factors that influence the
composition of intestinal microbiota - maternal exposure, breastfeeding, diet,
antibiotics, infections and factors affecting mucosal immune system - smoking,
NSAIDs, oral contraceptives, vaccination, intestinal permeability, appendectomy,
stress (Danese et al., 2004). A model of colitis on laboratory mice showed that,
after the administration of 4 antibiotics for 4 weeks, the deletion of commensal
gut microbiota can cause severe intestinal mucosal impairment (Rakoff-Nahoum
et al., 2004). Extended use of antibiotics is associated with increased risk of
Crohn's disease (CD), but not with ulcerative colitis (UC) (Ungaro et al., 2014).

One study attempted to investigate the impact of IBD on intestinal
microbiota being analyzed 89 sigmoid mucosal biopsies in healthy individuals
and in patients with CD and UC who achieved remission. On these biopsy
samples 16sDNA and rARN genetic analysis were performed. Results showed
an abundance of Bacteroides in the control group and in patients with UC, an
increase of Firmicutes in both IBD, a reduced activity of Faecalibacteria in
patients with CD, an increase in the prevalence and activity of Papillibacter in
healthy persons; only Prevotella was positively associated with CD (Rehman et
al., 2015).

Dysbiosis in CD is characterized by: a greater number of mucosal
bacteria compared to healthy individuals, alteration of the balance between
beneficial and aggressive bacteria and by the reducing of the phyla diversity
group Firmicutes and Bacteroides (Sartor, 2011). Increased prevalence of
intracellular pathogens in CD may be due to the innate immune system's
inability to control persistent infections caused by intracellular bacteria.

Patients with ileal and colonic CD have a low concentration of
commensal bacteria concerning the Clostridiales group as Faecalibacterium
prausnitzii and Roseburia (Willing et al., 2010), these being regarded as
predictive marker for postoperative ileal CD (Sokol et al., 2008). An increased
number of bacterial species found in CD include Escherichia coli especially B2
and D groups and those with adherent / invasive strains associated with a severe
ileal disease (Kotlowski et al., 2007).

3. Microbiota and Inflammatory Rheumatic Diseases

Except reactive arthritis in which there are clear evidences that bacterial
infections can cause articular manifestations, currently studies show only
hypotheses regarding the role of gut microbiota in immune-mediated arthritis.
However, a study conducted on mice having ankylosing spondylitis (AS) and
positive antigen HLA-B27 and which were maintained in germ-free conditions
highlighted that they didn't developed articular inflammation (Jacques and
Elewaut, 2008).

Recent studies argue that, intestinal dysbiosis in patients with SA
correlates with the presence of the antigen HLA-B27. To detect bacteria
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associated to HLA-B27, 16S rRNA sequencing had been used and elevated
populations of Paraprevotella and Bacteroides vulgatus have been highlighted
(Lin et al., 2014). Altered intestinal bacterial composition characterized by:
increasing populations of Lachnospiraceae, Ruminococcaceae, Rikenellaceae,
Porphyromonadaceae, Bacteroidaceae, alongside the decreasing of
Veillonellaceae and Prevotellaceae constitutes a risk factor for developing SA
(Costello et al., 2015).

A recently published study supports the important role of intestinal
dysbiosis (especially Dialister gender) in spondylarthropathies. There have been
included 27 patients of which 14 showed microscopic intestinal inflammation
and 13 without gut inflammation. lleal and colonic biopsies were performed.
16SrARN sequences were used in order to compare the intestinal microbial
composition. The results showed that the microbiota of patients with
spondylarthropathies was associated with intestinal inflammation and Dialister
gender was positively correlated with the ASDAS score (Ankylosing
Spondylitis Disease Activity Score) (Tito et al., 2016).

Other diseases such as rheumatoid arthritis (RA) or systemic lupus
erythematosus (SLE) may have as pathogenic mechanism intestinal dysbiosis
which contributes to the development of arthritis through activation of
autoreactive T cells in the gut (Maeda et al., 2016). Dysbiosis in RA is
characterized by a depletion of Haemophilus spp. - negatively correlated with the
level of autoantibodies - and an increasing of Lactobacillus salivarius - especially
in cases of very high RA activity (Zhang et al., 2015). Regarding SLE patients,
trials evidenced a significant decrease in Firmicutes and Firmicutes/Bacteroidetes
ratio and a significant increase in Clostridiaceae and Lachnospiraceae groups that
correlated with disease progression (Hevia et al., 2014).

4. Microbiota and IBD Associated with Articular Manifestations

Regarding the association between IBD and rheumatic disorders,
namely AS, it must not forget that these conditions have common genetic
background and are considered distinct phenotypes of an immune-mediated
inflammatory disorder. The strongest genetic association is represented by the
antigen HLA-B27.

Intestinal epithelial cells produce mucins and antimicrobial peptides
such as lysozyme, defensins and lectins that have a critical role in intestinal
homeostasis. Patients with active CD show a marked decrease of DEFA5 and
DEFAG6 a-defensins, leading to an impaired mucosal commensal microbial
flora. Controversially, the studies showed an increased expression of a-defensins
in patients with SA having also subclinical ileal inflammation (Wehkamp et
al., 2005).

Regarding IL-17 / 1L-22 cytokines relevant to IBD and
spondylarthropathies, clear evidences indicate that the interaction between gut
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microbiota and host causes the activation of immune cells with subsequent
production of these types of proinflammatory cytokines (Shaw et al., 2012).

5. Mathematical Model

Inflammation results from the accumulation of multiple alterations in a
single transformed tissue. Even if the probability of transformation is extremely
low for a single tissue, inflammation could arise by chance within a lifetime if
many tissue layers are at risk (see the above-mentioned risk factors). Many
common inflammations exhibit an increase in incidence with age, which can be
described by a simple equation:

p = bt*

Parameters are p (probability of inflammation), b (a constant), t (age of
individual), and k (the number of rate-limiting stages of inflammation). In a
particular case, when the inflammation can be associated to cancer, the equation
fits the epidemiology of colorectal cancer when k is 5 or 6.

This equation does not include many biological parameters, which are
presumably incorporated into its constant b. Intuitively, inflammation incidence
should increase with greater numbers of cells at risk, with greater numbers of
cell divisions, and with higher mutation rates.

In this paper we present a simple algebraic equation that relates small
biological features (adult stem cells and their niches, tissue size, numbers of
rate-limiting driver mutations, and mutation rates) with the epidemiology of
inflammatory diseases.

The probability of inflammation is 10 when the mutation rate (u) is
10°® mutations per gene per division and k is six. It is highly improbable that
inflammation will arise in a single cell after a single division. A more useful
calculation is the probability of inflammation after the many divisions that
occur during a human lifetime, and in just one of the many tissues at risk in the
body. The approach is based on the trick that the probability of “something”
plus the probability of “not something” equals one. The probability of not
accumulating a critical mutation (1-u) in one cell lineage after a certain number
of divisions (d) is:

p=(1-u)

With more divisions, the probability of no mutation decreases. It
follows that the probability of mutation after d divisions is:

p=1-(1-u)°

For multiple (K) genes:
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p=[1-@-u°T

The above equation calculates the probability of a single cell
accumulating all k driver mutations after d divisions. We must note that this
model was developed in the case of isotropic inflammation.

In vivo, biological structures display, by their own nature, an anisotropic
behavior. In this context, the following problem arises: can the above results be
generalized to the anisotropic case?

In order to solve this problem, let us first make the following
substitutions, in accordance with the one-dimensional model we developed:

p=[1-1-u)]

p=X
[1-@-u)d] =y’

It results that the inflammation probability law takes the form:

y2 =X 1)

The plane geometry associated to Eg. (1) can be founded on a parametric
group which must make the form from relation (1) invariant. This group can be

best revealed if the homogenous coordinates (y, x) are used in the form:

where
Xx=[1-1-u)'T -
y=[L-(1-u)d]?
case in which Eg. (1) becomes:
X2 —xX =0 (4)

In this situation, the conic from relation (4) accepts the canonic
parameterization:

Xl_X =X

a_2_3 (5)
t? ot 1

where t is a real parameter, and its invariance group is the three-parameters
group generated by the homographic transformation of the t parameter. If this
transformation is written under a more convenient form,
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t
t=— 4, (6)
l-a,—a,

which highlights the unit transformation for o, =, =, =0, then using Eq.
(5) the following transformation relations for the parameters X, X, result

2
X + 20X, + o

X, =
a§X1—2a3(1—0(2)X2+(1—0(2)2 )

o = X +(1-a, —ao;) %, + o (1-a,)
T i —20,(1-a,) % +(1-a, )
from which a continuous two variables with three parameters group can be

observed. The Lie algebra (Duistermaat and Kolk, 2000) is given by the
operators:

o 0
=2y—+—
b yax oy
0 0
L =2Xx—+y— 8
2 . yay (8)

0 0
L, = 2xy&+(2y2 —x)@

with the commutation relations:

L L|=L
|L2,L3|: L, 9
L. L[ =-2L,

where inhomogeneous coordinates were taken into account in order to simplify
the writing.

As it should be, the conics in relation (4) appear in this situation as the
EQ. (8) group’s invariant varieties with two parameters, and this is why they are
invariant only with regard to the first two operators from relation (8). The issue
at hand is not to find the two-parameters invariant varieties families, but to find
the three-axial that holds three parameters: the main inflammations, i.e. the
eigenvalues of the inflammations tensor. Now the inflammations evolution
group remains to be solved, which must be isomorphic to the group from Eq.
(8). In order to highlight it we must note that the main inflammations are the
solution to the secular equation of the respective matrix, which can be written as:
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y*+3a,y*+3a,y+a,=0 (10)

where 3a,,3a,,a, are the orthogonal invariants of the inflammations matrix. If

the inflammation state varies from Y, Y,,Y, to ¥;,Y,, Y then an algebra

theorem (Burnside, 1960) shows that between the secular equations, which have
the respective values as roots, a linear relation takes place, generated by the
homographic transformation

,_ay+b
cy+d

(11)

which gives a three-parameters group but in three variables. By writing the
roots of the curve from relation (10) in the Barbilian form (Barbilian, 1967;
Kelly, 1954),

Y= h+¢&hk
1+¢gk

(12)

where gf’ =1 h, h are quantities conjugated one to the other, and k is a one-
module complex factor, the transformation from Eg. (11) induces upon the
quantities h,h,k the real transformations

h = ah+b
ch+d

— ah+b
ch +d

k.=ch +d K
ch+d

(13)

which form a three variables with three parameters group (Burnside, 1960), i.e.
the Barbilian group.

This group is simple transitive, with the infinitesimal generators given
by the operators:

o 8
=— 4 —
A oh oh
o — 0
=h—+h— 14
% oh oh (14)
& —, 0 _. 0
—h>—+h?—~=+(h=h)k—
A =i i (h-h)k o
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which reveals for the associated Lie algebra a structure that is identical with the
one from Eq. (9). Therefore, the two groups are isomorphic, the operators (8)
and (14) being generated by the one and the same algebra (4). Moreover, the
group (14), being simple transitive, is definitely measurable, its elementary
measure being given by the differential three-form:

dh Adh Adk

15
(h—h)k (49)

As such, in the field variables space (h, h, k) a probabilities theory can
be apriori constructed using the elementary probability

4P = dh A dh /2\ dk
(h-h)k

As usual, the quadratic root of this function is defined up to an arbitrary
unimodular factor, and it can be assimilated to the wave function analogue.
Then, it will satisfy a Schrddinger type equation, equation which defines
geodesics in a fractal space-time.

The issue now at hand is to find the invariant varieties families of the
group (8) with three parameters, having group (14) associated as a parameters
group. In our opinion these functions can provide for an answer to the problem
of the correlation between the one-dimensional and three-dimensional behaviors
of the inflammation.

These varieties families will be solutions of the Stoka (Stoka, 1968)
equations:

of of of of
+—+—+—==0

2xi+yq+h—+ﬁ—_:0 (16)

This system admits solutions of the form:

f (a k;)=const. (17)
where:
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B Jx—y? (h—ﬁ)
“= x—(h—ﬁ)y+hﬁ

i x—2yh +h’
" x—2yh+h?

(18)
ks

It can be observed that the last of these integrals is a one-module
complex one. In principle, f can be any function which is continuous and
derivable in its variables. It is not yet known what kind of interpretation can a
general solution such as Eqg. (17) have, but some specific integrals values from
relation (18) can still be interpreted. Thus, if the one-dimensional inflammation
is monotonous, then Eqg. (18) must fulfill the condition y2 = X, fact which

leads to the specific value x =0. In this case, the second relation (18) gives:

k, = ku (19)
y—h
from which we can write Y as:
_ hk —hk, (20)
k—K,

The result we obtained in this case is important mainly because it shows
that Yy can be identified in a specific case with one of the main inflammations.

Indeed, if k, = (—1,—&,—&?) then the situation from Eq. (12) is again reached.

Therefore, we can state that in both these specific cases the inflammation in the
one-dimensional case can be considered as one of the internal inflammations
eigenvalues. However, we can draw more from Eq. (20). If this equation is
written for k, = -1,

y- h+hk
1+k

(21)

and h,h,k are explicitly written with regard to the main inflammation, and
also the system of Egs. (12) is solved with regard to h, h,k, then the following
relations can be found:
he_ YoYs +EYsYs +&°ViY,
Yt ey, + & Y3
(Nt E Y, +ey,
Yy +eY, +E7Y;

(22)
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These can be related with the above-mentioned parameters by:

k =—e%

h =4 +-=(sin3& —icos3¢) %)

N

where

tan§=2yl_y2_y3

\/g(yz - y3)

1
=2 vy @

u=%{2(yz—yg)z};

The quantity from Eq. (24) is the known Lode-Nadai parameter of the
tensions tensor.
If we use Eq. (23) in relation (21), we obtain the following:

y=A+usiné (25)

relation which, in the case of the absence of anisotropic inflammation, is
reduced to:

y=wusing (26)

From this it results that the one-dimensional inflammation can be
identified with the quantity x# from Eq. (24) only if the inflammations which

are orthogonal to the direction of disease expansion are very close to each other.
Indeed, in this case, from relation (24) it results that tan& — oo, and, thus,

siné —»1.
6. Conclusions

The main conclusions of the present paper are presented in the following:

i) The gut microbiota plays an important role in the development of
immuno-inflammatory diseases, namely in intestinal and articular disorders.
Nevertheless, the specifically pathogenic mechanism remain a challenge for the
practitioner physician. The analysis of gut microbiota opens new perspectives in
research and for understanding of these systemic diseases.

ii) Starting from an isotropic model, an anisotropic theoretical model is
developed for inflammatory disease evolution.
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We note that the same model can also be applied, because of its
theoretical implications, in engineering and materials science, in various
domains, such as the ones described in (Agape et al., 2016; Agape et al., 2017
Gaiginschi et al., 2011; Gaiginschi et al., 2014a; Gaiginschi et al., 2014b;
Gaiginschi et al., 2017; Vornicu et al., 2017).
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ANIZOTROPIA TN BOLILE
INFLAMATORII SISTEMICE — UN MODEL TEORETIC

(Rezumat)

Microbiota este considerata un organ cu functii specifice, ce poate modula
expresia genelor implicate in protejarea barierei mucoase, angiogeneza sau maturarea
intestinala postnatala. Modificari ale compozitiei microbiotei intestinale, numite intr-un
cuvand disbioza, pot fi asociate cu infectiile nosocomiale, boala intestinala inflamatorie,
obezitate, alergii etc. Disbioza mareste permeabilitatea instestinala si creste rata de
migcare microbiand la nivelul mucoasei, avand ca rezultat endotoxemie inflamatorie si
metabolica. Toate aceste cauze pot genera boli imuno-inflamatorii sistemice. Plecand de
la aceste premise, in prezenta lucrare se construieste un model matematic bazat pe
invariantd grupald, care permite extensia de la multiplicarea omogena si izotropa la cea
neomogena si anizotropd, in cazul evolutiei bolilor inflamatorii, cum de regulda se
intampla in structurile biologice.



