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Cellular photobiomodulation on a cellular function has been shown to be homeostatic. Its function-specific pathway mechanism
would be further discussed in this paper. The signal transduction pathways maintaining a normal function in its functionspecific homeostasis (FSH), resisting the activation of many other irrelative signal transduction pathways, are so sparse that it
can be supposed that there may be normal function-specific signal transduction pathways (NSPs). A low level laser irradiation or
monochromatic light may promote the activation of partially activated NSP and/or its redundant NSP so that it may induce the
second-order phase transition of a function from its dysfunctional one far from its FSH to its normal one in a function-specific
microenvironment and may also induce the first-order functional phase transition of the normal function from low level to high
level.

1. Introduction
Cellular photobiomodulation (PBM) is a modulation of laser
irradiation or monochromatic light (LI) on cells in vitro
or in vivo or ex vivo, which stimulates or inhibits cellular
functions but does not result in irreducible damage. The LI
intensity is in the range of about 10–1000 mW/cm2 [1, 2].
As we have classified [3–5], the LI used in PBM is always a
low intensity LI (LIL), ∼10 mW/cm2 , which includes the LI
used in the so-called ultra-low-level laser therapy [6], but
moderate intensity LI (MIL), 0.10∼1.0 W/cm2 , is of PBM if
the irradiation time is not so long that it irreducibly damages
organelles or cells. The PBM of LIL and MIL are denoted
as LPBM and MPBM, respectively. The MIL with short
irradiation time and LIL are two kinds of well-known low
level LI (LLL).
Many studies have focused on signal transduction pathway mediated cell-autonomous mechanisms of PBM. By
contrast, we proposed that the cellular microenvironment
confers the response of cellular signal transduction pathways

to LLL. Many cellular signal transduction pathways may be
modulated by LLL, but which signal transduction pathway
can be modulated has been left to be resolved. Many studies
suggested that the modulated signal transduction pathway
may depend on the microenvironment in which cells live. It
would be reviewed in this paper.

2. Function-Specific Homeostasis
Negative feedback is common in biological processes and
acts to optimize the activity of a circuit in the presence
of alleles with altered activities [7], which can maintain
a system’s stability to internal and external perturbations.
Function-specific homeostasis (FSH) is a negative-feedback
response of a biosystem to maintain the function-specific
conditions inside the biosystem so that the function is perfectly performed [3, 4, 8, 9]. A function in/far from its FSH is
called a normal/dysfunctional function. A normal function is
better performed than all the dysfunctional functions so that
the normal function is locally the best performed function.
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The phenomena are the well-known “Arndt-Schulz Law” or
the J-shaped curves. Moreover, the normal function can resist
external perturbations so that the peak of Arndt-Schulz Law
or the J-shaped curve can be extended to a plateau so that it
is called Arndt-Schulz Plateau Law or the U-shaped curve.
In 10% fetal bovine serum (FBS), it has been found that
there are the normal glucose (nG) at about 22.5 mM, in
which many cell lines such as C2C12 [10, 11] and C3H10 T1/2
[12] proliferate at its optimal rate, and the low/high glucose
(lG/hG) whose concentration was lower/higher than the one
of nG and in which the cell lines proliferate at a rate lower
than the optimal rate. In other words, the cells in nG and 10%
FBS are in their respective proliferation-specific homeostasis
(PlSH).
A normal function can resist external/internal disturbance under its threshold. Straussman et al. [13] have studied
the effects of twenty-two cytokines, each at five concentrations, on six melanoma cell lines in their respective PlSH,
respectively. They found that only hepatocyte growth factor
(HGF) upgraded the normal proliferation but all the other
twenty-one cytokines cannot affect the normal proliferation.
That is suggested that only HGF was allowed to activate
its signal transduction pathway, but all the other twentyone cytokines were not allowed to activate their pathways,
respectively.
The experimental reproducibility in a PlSH is intrinsic.
In a recent analysis, Haibe-Kains et al. [14] reported that
the measured drug response data are highly discordant for
the two large-scale pharmacogenomic studies, the Cancer
Genome Project (CGP), and the Cancer Cell Line Encyclopedia (CCLE). CGP and CCLE cells were grown in Roswell
Park Memorial Institute (RPMI) or Dulbecco’s Modified
Eagle’s Medium (DMEM)/F12 medium with 5% and 10%
FBS, respectively. This suggested that each CGP cell line
was far from its respective PlSH and its IC50 (concentration
in micromolar at which the drug inhibited 50% of the
maximum cellular growth) against one antidrug cannot be
reproducible. As reported by the CGP, there was only a
fair correlation between camptothecin IC50 measurements
generated at two sites using matched cell line collections and
identical experimental protocols. On the other hand, each
CCLE cell line may be in its respective PlSH and its IC50
value against one antidrug can be reproducible. This was why
there were more than one IC50 value of each CGP cell line
against one antidrug for each CCLE IC50 value and the vast
majority of drugs and gene-drug associations then yielded
poor concordance for IC50 and AUC (area under the activity
curve measuring dose response).

3. Microenvironments
Cells may have many functions. Which function may be
perfectly performed depends on the microenvironment in
which cells live. Cells in a serum-free medium may become
apoptotic and can be modulated by a LLL [15], but they
cannot proliferate, attach, or migrate, so that the PBM on
their proliferation [16, 17], attachment [16], or migration [16]
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could not be observed. Many studies have focused on cellautonomous mechanisms of drug resistance, but Straussman
et al. [13] found that the tumor microenvironment conferred
innate resistance to therapy. They found that stromal cell
secretion of HGF resulted in activation of the HGF receptor
MET, reactivation of the mitogen-activated protein kinase
(MAPK) and phosphatidylinositol-3-OH kinase- (PI3K-)
AKT signaling pathways, and immediate resistance to RAF
inhibition.
A cell may only perform the function in a functionspecific microenvironment. Eduardo et al. [18] have studied
human dental pulp stem cell (DPSC) proliferation in 5%, 10%,
12.5%, and 15% FBS, respectively, and found that there was no
significant difference of the proliferation in 10% FBS from the
one in 12.5% FBS after 24 h, both of which were significantly
smaller than the one in 15% FBS, but larger than the one in
5% FBS. It indicated that the proliferation in 10% or 12.5%
FBS was in its PlSH, resisting FBS change. For many cell
lines in 10% FBS, only proliferation can be performed and the
medium is called a proliferation-specific microenvironment
(PSM). For many cell lines, proliferation in 10% FBS and
nG is in its PlSH in nG (nPlSH), and the microenvironment
is called a PlSH-specific microenvironment (PlSM). If the
C3H10 T1/2 cells were cultivated in 10% FBS and lG such as 0
or 5 mmol/L glucose or hG such as 100, 200, or 300 mmol/L
glucose for 3 or 6 h and then cultivated in a PlSM for 8
days, the modulated proliferation would become the normal
proliferation [12].
A cell may become apoptotic in a PSM or a
differentiation-specific microenvironment (DSM). A LLL can
inhibit apoptosis by promoting proliferation in a PSM [19] or
promoting differentiation in a DSM [20]. Many groups have
studied the proliferation-mediated apoptosis inhibition, but
only Zhu et al. [20] have studied the differentiation-mediated
apoptosis inhibition. Moreover, the latter inhibition was
more effective than the former inhibition. As a fact, the in
vivo neurons are mostly differentiated. The differentiationmediated apoptosis inhibition of PBM should be widely
studied.

4. Function-Specific Pathways
Signal transduction pathways are always signal-dependent.
However, it may not work when the cells are in their FSH
[13]. Cancer cells in their respective PlSH eliminate various
signaling pathways, especially apoptotic, permitting their
surviving, spreading, and thriving in “foreign” organs [21].
It suggested that the negative feedback of the cellular FSH
not only resists internal/external disturbance but also resists
the activation of many other irrelative signal transduction
pathways. The signal transduction pathways are always found
by destroying the FSH with serum deprivation or starvation
or other stresses. For a cell far from its FSH, many signal
transduction pathways have been partially activated [22].
One can alternatively find one of them so that one signal
may have many alternative signal transduction pathways.
The signal transduction pathways were studied from the
viewpoint of functions in this section.
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4.1. Normal Function-Specific Signal Transduction Pathways.
The activation of one signal transduction pathway can
not only be directly promoted, but also be indirectly promoted by inhibiting the activation of other pathways. For
example, insulin-like growth factor- (IGF-) 1 can restore
dexamethasone- (DEX-) induced heart growth arrest in rats
[23], and DEX can promote the IGF-1 promotion on skeletal
muscle cell proliferation [24] and the IGF binding protein
(IGFBP) 1 production of rat hepatocytes [25] in serum-free
medium. The signal transduction pathway activation of a
cell may also be inhibited by its FSH. The negative feedback
of the cellular FSH can resist the activation of many other
irrelative signal transduction pathways so that some signal
transduction pathways may be left to be fully activated. It
has been found that the best pathways for a dysfunctional
function to become normal or a normal function to become
upgraded are sparse [9]. Straussman et al. [13] found that
the normal proliferation was maintained by full activation of
the platelet-derived growth factor (PDGF) pathway, BRAF,
MAPK kinase (MEK), and extracellular signal-regulated
kinase (ERK), which not only resisted the proliferation effects
of twenty-one cytokines, each at five concentrations, but also
resisted their signal transduction pathway activation. At this
point, it is reasonable to suppose that there may be normal
function-specific signal transduction pathways (NSPs) so that
the FSH can maintain the full activation of the NSPs but
resist the activation of other irrelative signal transduction
pathways. The PDGF pathway is the NSP of the normal
proliferation of the six melanoma cell lines according to [13].
4.2. Redundant Signal Transduction Pathways. One normal
function may have 𝑁 possible NSPs. Genetic redundancy
means that 𝑁 genes are performing the same function and
that inactivation of one of these 𝑁 genes has little or no effect
on the biological phenotype [26]. The 𝑁 genes performing the
same function are called redundant genes with one another
[8]. Each redundant gene may have its NSP in its NSP-specific
microenvironment (NSM). The full activation of each NSP
can maintain its normal function in its NSM. The 𝑁 NSPs of
the same normal function are called redundant NSPs (rNSPs)
with one another. Straussman et al. [13] found that HGF
upgraded its normal proliferation of the six melanoma cell
lines and further found that the proliferation enhancements
were mediated by full activation of HGF pathway, PI3K, AKT
or RAF1, MEK, and ERK and then by the synergistic full
activation of both PDGF pathway and HGF pathway. The
HGF pathway and the PDGF pathway are the two ones among
the 𝑁 NSPs of the normal proliferation of the six melanoma
cell lines.
Whether NSP of a normal function actually maintains the
normal function depends on the microenvironment. For a
dysfunctional function, many signal transduction pathways
have been partially activated [22]. While a dysfunctional
function becomes a normal function, only sparse signal
transduction pathways are left to be fully activated [9], but
other irrelative signal transduction pathways are completely
inhibited. The sparse signal transduction pathways are always
one NSP. Liu et al. [9, 10] have studied the effects of hG at
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90 mM and the LIL at 640 nm on the messenger ribonucleic
acid (mRNA) of 6 genes of C2C12 cells in their nPlSH
and found that hG decreased the proliferation and the
mRNA expression of sirtuin 1 and manganese superoxide
dismutase (MnSOD) but increased the mRNA expression of
IGF-1, forkhead box O family (FOXO) 3a, Bcl-2 interacting
mediator of cell death (Bim), and p27 and that LIL further
increased IGF-1 mRNA expression but decreased Bim mRNA
expression until it was lower than the one of C2C12 cells in nG
and completely recovered the proliferation and the mRNA
expression of the other 4 genes so that the PlSH in hG (hPlSH)
was established. IGF-1 inhibits the mRNA of Bim [27, 28].
Obviously, IGF-1 pathway is the hG activated NSP (hNSP) of
C2C12 myoblasts although the nG activated NSP (nNSP) has
not been found yet. Both nPlSH and hPlSH maintain the same
normal proliferation of C2C12 myoblasts, but nNSP/hNSP
maintains nPlSH/hPlSH in 10% FBS and nG/hG.
4.3. Functional Phase Transitions. The normal DPSC proliferation in 10% FBS is maintained by its NSP. Eduardo
et al. [18] found that MIL could not affect the normal DPSC
proliferation in 15% FBS but upgraded the one in 10% FBS,
and the upgraded one in 10% FBS was still significantly
smaller than the one in 15% FBS. This suggested that the one
in 15% FBS may at least be maintained by the synergistic
integration of NSP and one of its rNSPs. Generally, the
full activation of each NSP maintains the first-order normal
function in its NSM, and the synergistic full activation of one
NSP and its 𝑛 − 1 rNSPs maintains the 𝑛th-order normal
function (𝑛 = 2, 3, . . . , 𝑁) in its NSM. The phase transition
from a dysfunctional function to the first-order normal
function is just the second-order functional phase transition,
but the one from the (𝑛 − 1)th-order normal function to the
𝑛th-order normal function is just the first-order functional
phase transition. In our experiments [11], serum-shocked
C2C12 myoblasts were cultivated in nG and FBS at different
concentrations. As FBS concentration increased, the dysfunctional proliferation becomes normal, and then the order of
the normal proliferation becomes higher. Here, FBS induced
a proliferation phase transition from the second-order one
to the first-order one. In the experiments of Straussman
et al. [13], PDGF pathway maintained the first-order normal
proliferation in its PDGF pathway-specific medium, and the
synergistic full activation of both PDGF pathway and HGF
pathway maintained the second-order normal proliferation
in its PDGF pathway-specific medium. Here, HGF induced a
first-order proliferation phase transition of six melanoma cell
lines in its PDGF pathway-specific medium.
4.4. Pathway-Mediated Photobiomodulation. There were
many theories on precise molecular mechanism of PBM.
Among them, the cytochrome c oxidase (COX) theory was
very popular [2, 29]. Cytochrome c and COX represent the
terminal step of the electron transport chain, the proposed
rate-limiting reaction in mammals. Cytochrome c and
COX show unique regulatory features including allosteric
regulation, isoform expression, and regulation through
cell signaling pathways [30]. The COX theory of PBM was
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proposed by Karu and Afanas’eva [31, 32]. It suggested
that COX in mitochondria was the primary photoacceptor
upon LLL exposure of cells, and PBM was mediated by LLL
increased COX activity. According to the COX theory, LLL
can increase nitric oxide (NO) production [2]. However,
many studies [33–35] found that LIL may decrease the NO
production. For example, Montoro et al. [35] found that LIL
may decrease the NO production of FBS-deprived human
dental pulp cells (HDPCs) without lipopolysaccharide
(LPS) and FBS-deprived HDPCs with LPS. Moreover,
Wu et al. [36] demonstrated that the initial reaction after
photon absorption of MIL was photosensitization of COX,
to inhibit enzymatic activity of COX in situ and cause
respiratory chain reactive oxygen species (ROS) burst.
Horvát-Karajz et al. [37] found that the effects of one time
MIL irradiation, MIL induced stresses, were successful or
self-limited at low dose but chronic at high dose according
to our homeostasis theory [3, 4, 8], and cytostatic drugs such
as cytarabine, paclitaxel, and vincristine may change the
successful stress of MIL at low dose into chronic stress. In
this context, LLL cannot increase COX activity if COX was
the primary photoacceptor.
As Wu et al. [36] have demonstrated, MPBM is indeed
mediated by COX-mediated ROS [4, 38]. According to our
homeostasis theory [3, 4, 8], we have suggested that the
membrane receptors of cells or organelles were the primary
photoreceptors of LIL, and LPBM was mediated by receptoractivated signal transduction pathways [4, 9, 38]. Several
signaling pathways have been identified that target COX
including protein kinase A and C, receptor tyrosine kinase,
and inflammatory signaling [30]. In addition, four phosphorylation sites have been mapped on cytochrome c with
potentially large implications due to its multiple functions
including apoptosis, a pathway that is overactive in stressed
cells but inactive in cancer. In other words, LIL-activated
pathways may modulate COX activity so that it can explain
LIL increased COX activity.
The LLL promotion of the normalization of a dysfunctional function may be mediated by the promotion of the
activation of partially activated NSP or/and its rNSP. Miyata
et al. [17] found that MIL promoted the phosphorylation
of ERK 1/2 between 5 and 30 min after MIL irradiation
but did not affect p38 MAPK or c-Jun N-terminal kinase
(JNK) phosphorylation. In our experiments [9, 10], the C2C12
myoblast proliferation in its nPlSM is normal, but the one
in 10% FBS and hG at 90 mmol/L is dysfunctional. We
found that hG increased IGF-1 mRNA expression of C2C12
myoblasts; LIL further increased the IGF-1 mRNA expression
until the IGF-1 pathway is fully activated so that the hPlSH
was established.

5. Photobiomodulation
There are many cellular functions. Generally, a cellular
microenvironment only allows one function to be performed.
If the allowed function is dysfunctional, LPBM may promote
the activation of its partially activated NSP until it is fully
activated so that the dysfunctional function becomes normal.
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If the allowed function is normal, for example, it is the
(𝑛 − 1)th-order normal function (𝑛 = 2, 3, . . . , 𝑁) if the
normal function has 𝑁 possible NSPs, which is maintained
by the synergistic full activation of one NSP and its 𝑛 − 2
rNSPs in its NSM; LPBM may promote the activation of its
partially activated (𝑛 − 1)th rNSP until it is fully activated
so that the (𝑛 − 1)th-order normal function is upgraded
to be the 𝑛th-order normal function. The former and latter
PBM are called direct and indirect PBM (dPBM and iPBM),
respectively. The dPBM induces the second-order functional
phase transition from a dysfunctional function to the firstorder normal function, but the iPBM induces a first-order
functional phase transition from the (𝑛 − 1)th-order normal
function to the 𝑛th-order normal function (𝑛 = 2, 3, . . . , 𝑁)
if the normal function has 𝑁 possible NSPs.
5.1. Direct Photobiomodulation. There have been many studies of dPBM on proliferation of cells, but few ones on
the other cellular functions. There may be differentiationspecific homeostasis (DiSH). Zhu et al. [20] have found that
the differentiation-mediated apoptosis inhibition of dPBM
was mediated by brain-derived neurotrophic factor (BDNF).
Saygun et al. [39] have found that the dPBM promotion of
the osteoblast differentiation of human mesenchymal stem
cells (MSCs) was mediated by basic fibroblast growth factor
(bFGF).
Amyloid 𝛽 (A𝛽) [19, 40] or 6-hydroxy dopamine [41] may
decrease the proliferation rate by inducing apoptosis, and LIL
[19, 40] or the insect antibacterial peptide [41], CopA3 (a Dtype disulfide dimer peptide, LLCIALRKK), may inhibit the
apoptosis by promoting proliferation. In Meng et al.’s paper
[40], the neuron proliferation resisted LIL. It indicated that
the neuron proliferation may be a normal proliferation. For
the human neuroblastoma cell line SH-SY5Y in its PlSH,
A𝛽 decreased the proliferation rate, but LIL promoted the
dysfunctional proliferation until it became normal [40] so
that the PlSH in A𝛽 (aPlSH) was established. BDNF can
stimulate neuronal proliferation [42]. Meng et al. [40] found
that LIL increased BDNF level. LIL increased BDNF level of
neurons and then promoted dysfunctional proliferation until
the aPlSH was established.
Huang et al. [43] exposed primary cultured murine
cortical neurons to oxidative stressors: hydrogen peroxide,
cobalt chloride, and rotenone in the presence or the absence
of LIL at 810 nm. They found that the LIL increased both
MMP and ROS in nonoxidative neurons and increased MMP
but reduced high ROS levels and protected cultured cortical
neurons from death in oxidative cells. Huang et al. [34]
further studied the effects of LIL at 810 nm on glutamate,
N-methyl-D-aspartate (NMDA), or kainate induced excitotoxicity of primary murine cultured cortical neurons. They
found that the measurements can be divided into two groups:
those in which the effect of the LIL is similar in direction
(both increased) regardless of whether the neurons are
nonexcitotoxic or excitotoxic (these are viability, adenosine
triphosphate (ATP), and mitochondrial membrane potential
(MMP)) and those measurements in which the direction of
the LIL effect is opposite, raised for nonexcitotoxic neurons
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and decreased for excitoxic neurons (these are intracellular
Ca2+ , ROS, and NO). Their explanation based on the COX
theory was very complicated [34, 43], but the one based on
NSPs is very simple. Either oxidative/excitoxic or nonoxidative/nonexcitoxic neurons are dysfunctional so that their
viability, ATP, and MMP have been promoted by LIL, but
their mediated NSPs may be different from each other so that
their intracellular Ca2+ , ROS, and NO have been oppositely
modulated by LIL although the NSPs may be redundant with
each other.
Esmaeelinejad and Bayat [44] have studied LPBM on
human skin fibroblasts in lG and 10% FBS and found that
LIL promoted the activation of interleukin-6 (IL-6)/bFGF
mediated pathway. Jee et al. [45] found that IL-6 induced
bFGF-dependent angiogenesis in basal cell carcinoma cell
line via JAK/STAT3 and PI3K/Akt pathways.
5.2. Indirect Photobiomodulation. The most studied normal
functions of cells are normal proliferation. LLL can upgrade
the normal proliferation by promoting the activation of its
partially activated rNSP.
In our experiments [9, 10], the LIL at 640 nm was found
to induce the first-order phase transition from the first-order
normal proliferation of C2C12 myoblasts in a PlSM to the
second-order normal proliferation and then to the higherorder normal proliferation. For the first phase transition, the
NSP and the first rNSP were found to be the nNSP and hNSP,
respectively. The normal proliferation was maintained by the
full activation of nNSP. LLL promoted hNSP activation. The
synergistic action of nNSP and hNSP inhibited FOXO3a so
that the normal proliferation was upgraded. FOXO3a inhibits
breast cancer cell proliferation. The second phase transition
from the second-order normal proliferation to the higherorder normal proliferation has been left to be solved.
For the iPBM on the normal proliferation of NIH3T3
fibroblasts in a PlSM in 10% FBS [9, 46], the rNSP is the
PDGF-C pathway. Komine et al. [46] have studied LPBM
on mRNA expression of PDGF-A, PDGF-B, PDGF-C, transforming growth factor-beta (TGF-beta), bFGF, PDGF-alpha
receptor, and TGF-beta receptor and found that LPBM only
increased PDGF-C mRNA expression but could not affect the
mRNA expression of other genes.
For the iPBM on the normal proliferation of a human
osteoblast-like cell line (Saos-2 cell line) in a PlSM in 10%
FBS [47], the rNSP is one differentiation-mediated pathway.
Bloise et al. [47] found that multiple doses of LIL increased
extracellular matrix constituents such as alkaline phosphatase
(ALP), decorin, fibronectin, and type-III collagen but did not
affect extracellular matrix constituents such as osteocalcin,
osteopontin, osteonectin, and type-I collagen. Moreover,
multiple doses of LIL decreased the bone sialoprotein mRNA
expression. On the other hand, the proliferation enhancement of titanium bioglass-coated scaffolds for Saos-2 human
osteoblasts enhanced the deposition of extracellular matrix
components such as ALP, decorin, fibronectin, osteocalcin,
osteonectin, osteopontin, and type-I and -III collagens [48].
For the iPBM of the MIL at 532 nm on the normal
proliferation of the human-derived glioblastoma cells (A-172)
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in a PlSM in 10% FBS [49] and the MIL at 660 or 780 nm on
the normal proliferation of oral dysplastic cells in a PlSM in
10% FBS [50], the rNSP is AKT-mediated pathway. The 𝛾secretase inhibitor (GSI) inhibits AKT activity and then A172 proliferation. Fukuzaki et al. [49] found that the MIL at
532 nm can promote GSI inhibited proliferation far from its
PlSH. For the MIL at 660 or 780 nm on oral dysplastic cells
[50], the heat shock protein 90 level increased at 12 h but
completely recovered at 48 and 72 h.
For the iPBM on the normal proliferation of mouse bone
marrow MSCs (D1 cells) in a PlSM [51], the rNSP is IGF1/bone morphogenetic protein-2 (BMP-2)/ALP mediated
pathway. IGF-1 can upregulate BMP-2 [52] and then ALP
[53] expression. ALP is essential for proliferation [54]. Wu
et al. [51] have studied LPBM on the mRNA expression of
IGF-1, ALP, BMP-2, osteocalcin, runt-related transcription
factor 2, and receptor-activated nuclear factor kappa B
ligand/osteoprotegerin on days 3 and 5 from the first LIL
irradiation on and found that LPBM increased the mRNA
expression of IGF-1 on days 3 and 5 and ALP on day 5 but
could not affect the mRNA expression of other proteins. The
iPBM promoted the proliferation from day 5 on. They directly
found the mediation of IGF-1 and BMP-2 on LPBM although
they cannot found LPBM effects on BIM-2 mRNA expression
on days 3 and 5.
The iPBM may be observed during the first irradiation
[55] or just after the first irradiation [10] or some days after the
first irradiation [46, 47, 51, 56]. In other words, the iPBM may
not be observed during the first irradiation [57] or just after
the first irradiation [58]. The duration may be wavelengthdependent. Szymanska et al. [59] observed the iPBM of LIL
at 635 nm but not 830 nm on the normal proliferation of
vascular endothelial cells in 20% FBS at day 4.
Cellular factors may promote iPBM. Mvula et al. [60]
have studied the LPBM on adipose-derived stem cells
(ADSCs) in a PlSM. Either epidermal growth factor (EGF) or
one time LIL irradiation alone cannot affect ADSC proliferation, but their integration upgraded the normal proliferation
at 48 h after the irradiation. For the iPBM on ADSCs in
a PlSM [61], the rNSP is beta1-integrin mediated pathway.
There is indeed an integration of IGF-1 and beta1-integrin
[62].
One time irradiation may be self-limited. Bloise et al. [47]
observed the iPBM of multiple doses of LIL on the normal
proliferation of the Saos-2 cell line in a PlSM, but they found
that the effects of single dose were self-limited.

6. Discussions
As it has been pointed out in this paper, which function
of a cell may be perfectly performed depends on the
microenvironment in which cells live. The dependence may
be thermodynamic. A PSM allowed proliferation may be
a direct proliferation through its NSP or a differentiationmediated proliferation through its rNSP for dPBM or their
synergistic integration for iPBM. For an iPBM in a PlSM,
the differentiation was first promoted [51], but the normal
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proliferation was finally upgraded. A DSM allowed differentiation may also be a direct differentiation through its NSP
or a proliferation-mediated differentiation through its rNSP.
MSCs were collected from adult human bone marrow, isolated, and precultured in complete medium and cultured in
osteogenic medium in three-dimensional collagen scaffolds
and simultaneously irradiated with LIL. Leonida et al. [63]
found that the LIL promoted both proliferation and differentiation at day 7 but only promoted differentiation at day
14. Obviously, the proliferation at day 7 was differentiationmediated, but the differentiation at day 14 was proliferationmediated.
One signal transduction pathway may directly mediate
normal differentiation in a DSM as an NSP in a dPBM and
may also indirectly mediate enhanced normal proliferation
through differentiation in a PlSM as an rNSP of the NSP
of the normal proliferation in an iPBM. It was found that
the promotion of LIL at 685 nm on both the osteoblast
differentiation of human MSCs in osteogenic medium which
included 10% FBS and 100 nM DEX in its dPBM [39] and
proliferation of human gingival fibroblasts in a PlSM in 10%
FBS in its iPBM [64] was mediated by bFGF/IGF-1/IGFBP3
mediated pathway. Pons and Torres-Aleman [65] found that
bFGF strongly modulates IGF-1, its receptors, and its binding
proteins in the two major cell types of the hypothalamus.
DEX can inhibit proliferation. It might inhibit one NSP,
but one of its rNSPs can be fully activated to maintain
normal proliferation. Wu et al. [66] found that LPBM can
promote DEX inhibited proliferation of human periodontal ligament cells through differentiation-mediated pathway
which included BMP-2 and ALP. The pathway might include
IGF-1 according to Wu et al. [51] as it has been discussed in
Section 5.2.

7. Conclusions
One normal function may have 𝑁 possible NSPs which are
redundant with one another. The first-order normal function
is maintained by the full activation of each NSP in its NSM,
but its enhancement, for example, the 𝑛th-order normal
function (𝑛 = 2, 3, . . . , 𝑁), is maintained by the synergistic
full activation of the NSP and its 𝑛 − 1 rNSPs in its NSM. A
LLL may promote the activation of partially activated NSP
or/and its rNSP so that a dPBM may induce the second-order
functional phase transition from a dysfunctional function
to the first-order normal function in a function-specific
microenvironment, and an iPBM may also induce the firstorder functional phase transition from the (𝑛 − 1)th-order
normal function to the 𝑛th-order normal function in its
NSM.
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