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THE MATRIX TETRAMETRIC
CODE: HORMONES,
CYTOKINES, NEUROPEPTIDES,
MELATONIN

The scavenger cell system plays a key
role in the local and systemic inflamma-
tory response, in the recognition and
processing of non-self stimulus and in
biological regulation. These activities re-
quire a changeable extracellular area
and prompt microenvironment informa-
tion adaptation. Matrix remodelling is a
process common to a variety of physio-
logical and pathological conditions (trau-
mas, infections, injuries, atherosclero-
sis, etc.) and it is the main trigger for re-
gulatory responses.
Recent evidence shows that metallo-
proteinases mediate the remodelling
processes, thereby supporting the ca-
pillary-matrix-receptor morphofunctio-
nal unit modulation.
- “Low dilutions” of HCNM (hormones,
cytokines, neuropeptides, melatonin)
contribute to MMPs/TIMPs balancing,
and codify - at the same time - matrix fle-
xibility and order PGs-GAGs net local
memory. Moreover, matrix plasticity re-
fers to a group of learning algorithms in
fuzzy signals.

REGULATION, MATRIXIN, REMODEL-
LING, MATRIX CLOCK.

SUMMARY

INTRODUCTION

The clock of Physiological Regulation is
calibrated according to a never-ending
series of metabolic stimuli, its unbroken
trend being ensured by changing sche-
mes and adaptation responses determi-
ning the continuity and the disconti-
nuity of physiological processes.
The activity of metalloproteases is cali-
brated in the matrix using the latent
forms of proenzyme and/or the action of
endogenous inhibitors (TIMPs) through
hormone, cytokine, neuropeptide and
melatonin-mediated modulation
(HCNM).
- Matrix remodelling and inhibition are
processes contributing to metabolism: a
peculiar characteristic of the first pro-
cess is the plasticity and dynamism of
response to internal and external chan-
ges; while the inhibition process is cha-
racterized by a special harmony bet-
ween the elements of which it is com-
posed. 
The aim of the matrix changes (meta-
bolè) is an alternation between conti-
nuity and change which occurs throu-
ghout the life cycle. 

MATRIX METALLOPROTEASES

The matrix metalloproteases (MMPs) are
an enzyme family involved in the remo-
delling processes of the extracellular ma-

trix (ECM) and are related to both men-
tal and physiological events, such as in-
flammation, cancer invasiveness, growth
and metabolism.
The therapeutic imitation and applica-
tion of the physiological changes of the
matrix proteases is a target for the
physiological modelling of the extracel-
lular space.
After identifying the first collagenase on
a changing tadpole tail, 28 different ma-
trix metalloproteases or matrixins have
been identified in the vertebrata (22).
MMPs are usually classified into 6
groups (21, 25, 35, 37) 
(FIGURE 1): 
1. interstitial collagenases 

(MMP-1, -8 and -13);
2. stromelysins (MMP-3, -10, -11 and

-12);
3. matrilysin (MMP-7 and -26);
4. gelatinase (MMP-2 and -9);
5. membrane MMPs (MMP-14, -15, -

16, -17, -24 and -25);
6. other MMPs that are not included in

the groups mentioned above (MMP-
19, -23 and -28).

The most studied matrixins (page rank
evaluation) are still gelatinases.
From a genetic viewpoint in chromoso-
me 11 (11q21-23), 8 genes of human
MMPs are clustered (MMP-1, -3, -7, -8,
-10, -12, -13, -20) (31); and other genes
are located on chromosomes 1, 8, 12,
14, 16, 20 and 22.
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Matrixins have a primary structure com-
posed of different domains:

A. N-terminal propeptide (approxima-
tely 80 amino acids) contains a
PRCG(V/N)PD preserved sequence.
Cysteine contained in this sequence
(cysteine switch) binds catalytic zinc
to maintain the enzyme in its inac-
tive form (pro-MMPs) (5, 36);

B. Catalytic (approximately 170 amino
acids), includes a HEXXHXXGXXH
zinc bond and a protected methio-
nine, thereby forming a structure
known as “Met-turn” (6). 
The catalytic domain of the MMPs
also contains a structural zinc ion
and 2-3 calcium ions for stability
and enzyme activity.  MMPs-2 and
-9, for example, receive three fibro-
nectin type II-like repetitions inte-
racting with collagen and gelatine
(2, 32);

C. Peptide, a signal rich in praline con-
necting catalytic domain and he-
mopexin-like domain; an interaction
with interstitial collagen on the ba-
sis of a molecular model has been
theorized (12);

D. C-terminal hemopexin-like (approxi-
mately 210 amino acids), has an el-
lipsoid disc form, a fourfold beta-he-
lix plate structure; each plate is com-
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posed of four antiparallel beta-
sheets and one alfa-helix (19). This
domain is necessary during collage-
nase to process the three-fold helix
of interstitial collagen (7). The ca-
talytic domain by itself maintains a
proteolytic activity towards the other
substrates (11).

MMPs, synthesized as pre/pro-enzymes,
are mostly secreted as inactive pro-
MMPs and take part in the enzyme de-
gradation of:
a. constituent parts of the extracellular

matrix (ECM) (28, 33);
b. basal membrane (BM).

A primary function of MMPs is connec-
ted with the daily rhythmic change of
collagen structure (interstitial and basal
membrane collagen), whose transition
modelling dynamics turns out to be es-
sential to:
- maintain and form the cellular envi-
ronment (during development and mor-
phogenesis);
- cellular migration and angiogenesis
(38).
A secondary function concerns the mo-
vement of molecules (e.g. IL-1 beta) that
as substrates perform some important
physiological activities although they

are not matrix specific proteins (26, 33).
� transcription control: which is the
main regulation standard of MMPs (16).
Production and release can be rapidly
induced as needed (28). The inductabi-
lity of the majority of their genes comes
from the action performed for example
by:
- cytokines (EGF, TNF-alpha, IL-1 beta,

bFGF, PDGF, IL-6);
- hormones and neuropeptides;
- melatonin;
- chemical agents (e.g. phorbol esters,

actin stress fiberdisrupting drugs);
- physical and oxidative stress;
- cell oncogenic change;
- B ultraviolet radiations.
Moreover, an increased MMPs gene ex-
pression can be under regulated by sup-
pressive factors (e.g. TGF-beta, retinic
acid, heparin, glucocorticoids) (23).

� extracellular activation: the presence of
pro-MMPs is the second level of MMPs re-
gulation. The majority of them is secreted
by the cell and activated within the matrix
by proteases or by non-proteolytic agents
(28), low pH and heat treatments (10, 36).

PHYSIOLOGICAL TISSUE 
INHIBITORS OF MMPs

The tissue inhibitors of metalloproteases
(TIMPs) are a protein family capable of
inhibiting the MMPs activity within the
extracellular space through bonds non-
covalent with their active form (FIGURE

2).
In vertebrata four isoforms of TIMPs ha-
ve so far been identified to: TIMP-1,
TIMP-2, TIMP-3 and TIMP-4 (14, 18).
From the genetic viewpoint, the TIMPs
of mammals are included inside intron
5 of the synapsin gene (14). The most
important physiological function of
TIMPs is connected with the N-terminal
domain sequences; the C-terminal do-
main is involved in interactions with the
catalytic domain of some MMPs and the
hemopexin domain of MMPs-2 and
MMP-9 (8).
The purified and differentiated TIMPs
show:
- basic similarity;Matrix metalloproteases (3, 9, 15, 20).

FIGURE 1
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During the culture phase:
- the cell proliferation decreases in

the presence of IL-1 beta after 21
days;

- the activity of ALPase significantly
decreases after 10 days;

- MMP-1, -2 and -3 considerably in-
crease after 21 days;

- the expression of MMP-13 increases
after one day only;

- the expression of TIMP-1 increases
after 14 days;

- TIMP-2 decreases after one day, but
significantly increases from the third
to the fourteenth day.

This data suggests that IL-1 beta stimu-
lates the cartilage turnover, mainly
through a MMP-13 increase (1);

3. in patients affected by congestive
cardiac disorders, a positive con-
nection has been theorized between
noradrenaline and MMP-2, i.e., a
potential biochemical link between
catecholamines and MMPs;

4. melatonin under regulates the ex-
pression and secretion of pro-MMP-
9 in a dose-dependent way (in in-
domethacin-induced gastric ulcer)
by stopping glutathione depletion
and lipid peroxidation in cytosol
(17);

monocytes through the positive and/or
negative modulating action of MMP-9,
a metalloprotease involved in the extra-
cellular matrix remodelling (28).
An active role connected with the in-
crease and the expression of MMP-9
has been ascribed to IL-1 beta, TNF-al-
pha and MIP-1-alpha (39).
IFN-gamma has been identified as a
cytokine responsible for MMP-9 inhibi-
tion (22, 27).
Basic research confirms the expressive,
conative and phatic nature of HCNM -
inside the matrix - as a linear extension
of an order (tetrametric) which arranges
the circadian frame of MMPs-TIMPs
from a chrono-biological viewpoint, as
well as outlining the capillary vessel-re-
ceptor dynamics.
The type of BO, as summarized above,
influences considerable matrix changes:
1. 17beta-estradiol stimulates the ex-

pression of mRNA, the production
of collagen type I and inhibits MMP-
1; at a low concentration it could be
involved in dermal remodelling and
the inhibition of the matrix degra-
dation (29);

2. Interleukin 1-beta plays a key role in
cartilage turnover by regulating
MMPs and TIMPs.
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- specific structural properties;
- biochemical characteristics and gene-
ral action guidelines indicating specific
functions for each one of them (4).
The TIMPs can be associated with mem-
brane proteins, e.g. TIMP-3 (24).
The expression of the matrix TIMPs is
carefully regulated during tissue deve-
lopment and remodelling (8); under
physiological conditions this expression
regulates the metabolic dynamism of
the extracellular matrix (13, 18).
The loss of MMPs-TIMPs balancing is
connected with changes in the matrix
turnover, such as in arthritis, cancer, car-
diovascular pathologies, nephritis, neu-
rological disorders, tissue ulceration
and fibrosis (28, 38).

BASE OPERATORS

Within the sphere of interactive com-
plexity hormones, cytokines (TABLE 1),
neuropeptides and melatonin (HCNM)
give rhythm to the morphofunctional
(mfu) capillary vessel-matrix-receptor as
Base Operators (BO), i.e., mediators de-
termining complex chains of events.
The BO are classified according to ra-
dius and mechanism of action. They in-
duce complex reactions connected with
molecular specificity and affinity, rever-
sibility of binding and synchronization
or balancing of matrixins.
The BO move within the matrix in the
same way as local chemical mediators
do which activate and disappear - very
rapidly and by capture - stimulating me-
tabolic changes.
In the Matrix across the information
conveyed by HCNM shows:
- expressive property when oriented to-
wards the sender, i.e., the cell receptor
(binding);
-conative property, when the qualitative
and quantitative cipher of the signal
changes the receiver's behaviour (up-
down regulation);
-phatic property, when the change (me-
tabolè) of the matrix territory maintains
and/or discontinues the communication
(remodelling). 
“The phatic expression” of cytokines
has been described in human and rat
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5. a positive connection has been sug-
gested between the plasmatic level
of noradrenaline and MMP-2 and a
negative connection between the le-
vel of plasmatic cortisol and MMP-
2 itself. This data hints at a further
evaluation of those diseases relating
to the activation of the hypothala-
mus-hypophysis-suprarenal glands
axis (HPA) and sympathetic adreno-
medullary axis (SAM).

To summarize, the BO act as privileged
signals that:
- influence the action of the capillary

vessel-matrix-receptor morphofunc-
tional unit;

- arrange the molecular language
needed for communication between
the blood and lymphatic vessel do-
main and the different cell organi-
zations and between these and other
systems;

- move as binding agents in a mole-
cular range which is approximately
between 10-9-and 10-12 and thereby
suitable to receptorial binding in
terms of affinity;

- induce movement in the MMPs-
TIMPs clock (direction of the matrix
metabolism) by regulating the con-
tinuous remodelling process.

Low concentration and remodelling are
two important characteristics from the
matrix therapeutic modulation point of
view.
The hypomole concentration of the me-
dicines acting on HCNM outlines a gui-
deline suitable to the editing of vegeta-
tive switch-over - according to a meta-
bolic interpretation and a method of ac-
cess to Physiological Regulation when
combined with a chrono-biological re-
modelling.
The agreement and/or disagreement
between Thyroxin 12X, Pyrogenium 6X,
Cortisonacetat 18X, L lacticum Ac 3X
and HCNM at a low concentration (mo-
lecules moving according to hypomole
recurrence), arranges the ante meridian
pharmacological use of: IL-6, TNF-al-
pha, PRL, catecholamines and the post
meridian use of IL-10, INF-gamma, me-
latonin. It also develops a therapeutic
approach based on:
- serial wrist calibrated on t 1–2 of FSH:

3h; IL-2: 2,5 h; cortisol and LH: 1 h;
or
- scanned by a parallel clock; like in

the balancing between Th1 (IL-12,
INF-gamma, DHEA, PRL), and Th2
(IL-4, cortisol, estradiol, catechola-
mines).

CONCLUSION

The metabolic regulation clock is capa-
ble of making inconsistency and order,
spontaneity and procedures, variety
and unity coexist.  In the perceptive fra-
me of anatomical calling, the matrix ti-
me stops as it were interrupted (cache
copy) in the network of corridors, co-
lonnades, arches and windows of PGs-
GAGs.  
The architectural framework can be re-
fined by the biological information
steps. 
The photographic vision of the matrix
hyperboloid outlines the extracellular
space as a closed district where the
transit and not the dynamism of the bio-
logical signal occurs: the monogram sli-
des on glycoproteins like on a water-
proof structure.
In an environment in which everything
is in constant movement, also the bio-
logical information, that is transported
by hormones, cytokines, neuropeptides
and melatonin, are submitted to the law
of adaptation to the present state that is
different the subsequent moment.
The flitting of information passes
through the matrix area, and thereby
frames the discontinuity of the form and
its remodelling - suggesting the meta-
bolic intermittence as a physiological
characteristic of the extracellular space. 
The discontinuity creates connections
and rebuilding, fills the gaps, and also
induces frantic changes that are simul-
taneously stimulating and precarious.
Even though the matrix is clashing,
roundish and pointed, maybe even ec-
centric, it appears excessive.
The amount of information that crosses
the matrix - according to a typical
rhythm of matrixins - harmonizes the
geometrical network of endothelia with

cell receptors… but leads back to ano-
ther empty space, where the ceiling ne-
ver arrives, walls are curved, and the
glycoprotein brick flooring is diagonal.
The modernity of medical research re-
veals the extracellular space as a land of
dialogue, of continuity between the re-
modelling of the matrix form and the in-
formation syntax… after all… as a pla-
ce where therapeutic topics, arrange-
ment and time can be drawn from.
And we think of H. H. Reckeweg (30,
34), who rose above the limitations of
contemporary thinking of his time by
envisioning the grace of a holistic me-
dicine that was not only appealing to
modern research, but also gave tradi-
tional thought and theory new inspira-
tion and nourishment. �
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Figg. 1 and 2 have been revised from a graphic
viewpoint and taken from the web sites as follows:
- www.emdbiosciences.com
- www.theses.ulaval.ca/2004/21981/21981001.png

•  Defines a series of 
     MMPs-TIMPs connections

•  Between the mfu factors 
     and the macrophage system

•  Co-ordination of 
     regulating balance     

•  Modelling

•  Inhibition

TNF-alpha and IL-6 upregulate MMP-9
INF-gamma inhibits MMP-9
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