ORIGINAL RESEARCH | DENTISTRY

FTIR SIGNATURES OF PROTEIN CONFORMATIONAL CHANGES IN GINGIVAL CREVICULAR FLUID IN
CHILDREN WITH CARIES AND GINGIVITIS
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The relevance of the study is associated with the search for minimally invasive molecular signatures of the dentogingival complex tissue condition in children. A
pilot study aimed to identify spectral signatures of protein conformational changes in gingival crevicular fluid from children aged 8-14 years with dental caries and
gingival inflammation (gingivitis) based on analysis of the IR spectral Amide Ill band in a pilot cohort. Gingival crevicular fluid samples collected from 20 children
aged 8-14 years with different dental status were analyzed. FTIR spectra were acquired using synchrotron-based Fourier transform infrared spectroscopy in a
Bruker Vertex 80/v spectrometer in the range of 3800-700 cm™" with a focus on the Amide Il region. Spectral deconvolution combined with multivariate analysis
was used to estimate the contribution of protein secondary-structure elements. In the pilot cohort, dental caries was associated with a directed increase in the total
contribution of components related to B-sheet structures. Based on the summed contributions of the main secondary structure elements, the -sheet contribution
exceeded 50% across the four analytical groups, the disordered component ranged approximately from 21 to 31%, and the contributions of B-turns and a-helical
components remained below 10-11%. Inflammatory gingival changes showed a tendency toward a decreased contribution of B-turns and a relative increase in
disordered conformations. Thus, the Amide Il profile may reflect integral physicochemical changes in proteins of gingival crevicular fluid in individuals with caries
and gingivitis. The reported features should be regarded as candidate spectral signatures of a hypothesis-generating nature that require further clinical validation.
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FTIR-MPU3HAKW NMEPECTPONKWN BE/IKOB JECHEBOW XXUAKOCTW Y AETEN NPU KAPUECE U TMHIMMBUTE
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AKTyanbHOCTb MCCNefoBaHNs CBsi3aHa C MOVCKOM MafloMHBa3MBHbIX MOMEKYNSPHBIX MPU3HAKOB COCTOSIHMS TkaHel 3y6o[eCcHeBOro koMmnekca y aeteit. Llens
MUAOTHOIO UCCNEAOBaHNS — BbISBUTL B MUIOTHOWM BbIGOPKE CNEKTPasibHbIE MPU3HAKV NEPECTPONKIN OENKOB AECHEBOW XXOKOCTH Y AeTelt 8—14 neT npu kapuece
1 BOCMaNUTENbHbIX N3MEHEHVISIX AECHbI (TVHMMBMTE) Ha ocHoBe aHanmaa K-cnekTpansHoi nonockl Amug lll. MpoaHanmanpoBaHsl 06pasLibl AECHEBON KUAKOCTY,
nony4deHHble y 20 aetent 8—14 neT ¢ pasnn4HbIM CTOMaTONOMMHECKMM CTaTyCoM. VIK-CnekTpbl perycTprposaii METOAOM CUHXPOTPOHHOM VIK-Dypbe-CrekTpocKonum
Ha criektpomeTpe Bruker Vertex 80/v B ananasoHe 3800-700 cM™ ¢ akLeHToM Ha obnacte Amug lll. Bknag, an1eMeHToB BTOPUHHOM CTPYKTYPbl GENKOB OLeHVBan
C NOMOLLBIO AEKOHBOJMIOLIMN CNEKTPABHOMO NMPOMUAS 1 METOLOB MHOFOMEPHOro aHanmsa. B nunoTHONM BbIGOPKE kaprec acCoLMMPOBANCS C HarnpasieHHbIM
yBEeNMYeHVIEM CYMMapPHOTo BK1a[a KOMMOHEHT, COOTBETCTBYIOLLIMX B-CKNaayaTbiM CTPYKTYpam. o AaHHbIM CyMMapHOW OLEHKV OCHOBHBIX 31EMEHTOB BTOPUHHOW
CTPYKTYPbI, BKNaL, B-CK1aa4aTbiX KOMMOHEHTOB BO BCEX YETbIPEX aHAMTUHECKUX rpynnax npesbian 50%, BKAaA HeynopsaoHEHHbIX KOHOpMAaLWiA COCTaBNSN
npvmepHo 21-31%, a Bknag, B-NOBOPOTOB U a-CrivpaUibHbIX KOMMOHEHT ocTaBasics MeHee 10-11%. Mpun BocnanuTenbHbIX U3MEHEHUSIX AECHbI OTMeYeHa TEHEHLMS
K YMEHbLUEHMIO BKMada B-MOBOPOTOB 1 OTHOCUTENBHOMY YBEMMHEHWIO HEYNOPSA0HEHHbIX KOHhopMaLmii. Takum obpasom, npoduns nonockl Amug, il moxeT
oTpaXkaTb MHTErpasibHble (USNKO-XUMUHECKME N3MEHEHNS OEeNKOB OECHEBOW >XUOKOCTV MPW Kapuvece W rMHrBuTe. BbisiBneHHble 0COOEHHOCTU cnedyet
paccmaTpuBaTh Kak KaHAUAATHbIE CNEKTPasIbHbIE MPY3HAKY, VMEIOLLVIE TUMOTE30-TEHEPUPYHIOLLMIA XapaKkTep 1 TpebytoLLe fanbHENLEN KNMHNHYECKOW MPOBEPKM.
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Gingival crevicular fluid represents a local biological medium of
the gingival sulcus reflecting the dentogingival complex tissue
physicochemical state. The fluid composition is determined
by proteins, peptides, components of inflammatory exudate,
and tissue remodeling products, therefore it is suitable for
spectroscopic analysis. In contrast to targeted biochemical
methods, the Fourier transform infrared (FTIR) spectroscopy
allows one to obtain integral molecular characteristics of low-
volume samples and assess re-distribution of the contributions
of various sample protein component conformations [1-4].

The issue is especially relevant for pediatric dentistry.
However, the data on local molecular markers of gingival
crevicular fluid in children is still limited. Current reviews show
that inflammatory gingival changes are often found in children
and adolescents, and the tissue state is further affected by
age, dentition stage, pubertal changes, plaque levels, and
orthodontic load [5-7]. In this regard, gingival crevicular fluid
is of interest as a minimally invasive test substrate that can be
re-collected and correlated with a certain dentogingival complex
region [1, 5-6]. In theory, microbial factors, local proteolysis,
oxidative stress, and inflammatory remodeling processes that
change the composition and conformational state of proteins in
gingival crevicular fluid can have an effect on such spectral shifts.

The region of the Amide Ill band that is sensitive to the
contribution of a-helical, B-sheet, B-turn, and disordered
structures is of special interest for analysis of the protein
component. Compared with the Amide | and Amide Il regions,
its interpretation is less complicated by the influence of water
and hydrogen-bonded background, which is especially
important when assessing low volumes of hydrogen-containing
biological media, including gingival crevicular fluid [4, 8-10].
At the same time, to correctly interpret the protein system
spectra in this region it is necessary to consider the IR band
overlap, select the pre-processing scheme and deconvolution
parameters [4, 8-10]. That is why, in complex biological media,
it is reasonable to consider not single peaks as direct markers,
but the integrated spectral profile as a reflection of the directed
protein component changes [4, 8].

Such studies are further limited by small sample size, so
it is required to use multivariate analysis methods adjusted to
spectral data and the limited number of observations. Previously
it was shown that multivariate analysis of the gingival crevicular
fluid IR spectra allowed one to identify the underlying patterns
associated with the patient’s clinical status and individual
characteristics [11]. This makes the combination of the Amide
[l band deconvolution with multivariate statistical analysis a
promising approach to assessment of the directional changes in
the secondary structure of proteins in gingival crevicular fluid [11].

We proceeded from the working hypothesis that in children
with caries and gingival inflammation the gingival crevicular
fluid Amide Il band profile would change directionally through
redistribution of the spectral-associated components related
to various secondary protein structure elements. The study
aimed to identify such directional changes in the Amide Il band
spectral profile and assess the possibility of considering those
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as candidate spectral signatures of changes in the gingival
crevicular fluid protein component.

METHODS
Research design and characteristics of the sample

A total of 20 children aged 8-14 years, from whom gingival
crevicular fluid was collected after the dental examination,
were included in the study. Inclusion criteria: age 8-14 years;
availability of the legal representative’s informed consent;
possibility of standard dental examination and gingival crevicular
fluid collection; no antimicrobial or other therapy capable of
significantly affecting the test biological medium composition
at the time of examination. Exclusion criteria: other age and
non-compliance with the inclusion criteria. It was a pilot single-
center study. Since some patients had a combination of clinical
factors, the study was focused primarily on identifying the
spectral shift directional nature, not on the rigorous assessment
of the independent contribution of each factor.

The dental caries status was assessed clinically; groups
with no clinical signs of caries, early caries lesions, and
multiple caries lesions were allocated. The gingival state
was characterized based on the presence and severity of
inflaonmatory changes as no clinically significant changes, mild
or moderate inflammation. Comorbid medical conditions were
taken into account based on the medical history and medical
records. Four analytical groups were allocated for in-depth
comparison of spectral profiles and their deconvolution (Table).

Gingival crevicular fluid sampling

The protein component of gingival crevicular fluid, the complex
multicomponent biological medium locally associated with
the dentogingival interface tissues, was a research object.
Sampling was performed at the Department of Pediatric
Dentistry and Orthodontics of the Burdenko Voronezh State
Medical University (Voronezh, Russia). Gingival crevicular fluid
was collected in the morning without prior stimulation using
microcapillaries. Such a sampling regime minimized the effects
of circadian oscillation and ensured comparability of spectrum
acquisition conditions [12]. After collection samples were
placed in sterile containers and stored at a temperature of
1-2 °C prior to spectroscopic analysis within the same pre-
analytical regime.

Fourier transform infrared spectroscopy

IR spectra were acquired by synchrotron-based Fourier
transform infrared spectroscopy using the Bruker Vertex
80/v vacuum spectrometer (Bruker Optik GmbH, Ettlingen,
Germany) in the range of 3800-700 cm~'. The Amide Il band
was considered as the main range, since it allowed one to
analyze conformational features of the protein component
with the less methodological dependence on the water

Table. Description of four analytical groups of gingival crevicular fluid samples included in deconvolution of Amide Ill spectral profiles

Internal .COde of the Sex Age subgroup Dental caries stage Gingival inflammation Comorbid condition
analytical group
FYNNN F Younger (Y) No caries (N) No gingival inflammation (N) No comorbidity (N)
FAENN F Adolescent (A) Early caries (E) No gingival inflammation (N) No comorbidity (N)
FAEMO F Adolescent (A) Early caries (E) Moderate inflammation (M) Oncological disease (O)
MAMLG M Adolescent (A) Multiple caries (M) Mild gingival inflammation (L) Gastrointestinal disease (F)

Note: The analytical group internal code consists of five symbols: 15t — sex, 2 — age subgroup, 3 — caries status, 4" — gingival state, 5" — comorbid condition.
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Fig. 1. Deconvolution of the gingival crevicular fluid Amide Ill band spectral profile in children aged 8-14 years with various clinical statuses. Internal codes of the
samples are provided in Table 1. Components |-V in the spectral profile are correlated to B-sheet structures, VI-VII — to disordered conformations, VIII-IX — to
B-turns, X-XIl — to a-helical components

background compared to the Amide | and Amide Il regions  the zero filling coefficient of 2. The contents of each sample
[4, 8-10]. Standard acquisition parameters were used in the = were divided into ten portions, for each of which a distinct
initial experimental cycle: spectral resolution 4 cm™, 3-term IR spectrum was acquired; the spectral profile was further
Blackman-Harris apodization, Mertz phase correction, and  characterized based on the average data.
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Fig. 2. Relative contribution of the main secondary structure elements of gingival crevicular fluid proteins in the integral profile of the Amide Ill band

Spectrum pre-processing and deconvolution

Primary processing of IR spectra included smoothing of the
curves using a Savitzky—-Golay filter with a polynomial order
of 2 and window length of 25 points. Baseline correction
was performed by the asymmetric least squares method in
the range of 4000-500 cm~' with the threshold value of 0.01
and asymmetry factor of about 0.001. The pre-processing
parameters were selected in such a way as to reduce smoothing
and baseline correction artifacts preserving sensitivity to the
Amide Ill band shape alteration.

To quantitatively describe the Amide Il band profile,
deconvolution with isolation of the components correlated to
a-helical, B-sheet, B-turn, and disordered conformations was
performed. Gaussian functions were used for approximation.
Preliminary search for balance centers and bandwidth at half-height
was carried out using the 2nd and 4th derivatives of the smoothed
spectra. Further modeling was accomplished in Fityk v.1.3.1
(developed by M. Wojdyr, Poland) using the Levenberg-Marquardt
algorithm. To ensure comparability of results, the same number
of components was maintained in all samples. Box constraints were
used in the modeling: + 2 cm™" for maxima positions, 7-10 cm™" for
FWHM values. The best fit between theoretical and experimental
curves based on the x* test was used as an approximation
termination criterion. The resulting components were considered
as spectral-associated contributions, not direct absolute measures
of the content of appropriate secondary structures [4, 8-10].
Components I-XII were correlated with the protein secondary
structure elements based on the earlier published data on
interpretation of the Amide Ill band and ranges of maxima of the
corresponding IR bands [4, 8-10]. The selected box constraints
were set within the ranges ensuring stability of approximation and
consistence with the ranges of maxima positions and bandwidths
for the Amide lll band reported in the literature [4, 8-10]. The
same number of components, the same box constraints, and
the same approximation scheme for all samples were used to
improve reproducibility and comparability of deconvolution results.
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Multivariate and statistical analysis

After pre-processing the spectral data set was analyzed by
the principal components method to assess relative positions
of samples in the multidimensional space and interpret the
correlations between spectral variability and clinical factors.
Spectral intensities in the Amide Ill band region were used
as quantitative variables, and characteristics of patients
were considered as categorical traits used in the phase of
interpretation. The FactoMineR software package for R was
used for analysis, and the factoextra package was used for
visualization. At this stage it was determined, which clinical
factors were most strongly associated with the main directions
of spectral variability, and the proximity of samples in the
principal component space was assessed. In the phase of
interpretation we also assessed how the levels of categorical
clinical traits correlated with the sample positions and the
main directions of spectral variability identified by the method
of principal components. Categorical clinical traits were not
included in the model as covariates; these were used for clinical
interpretation of sample distribution in the principal component
space, which was consistent with the pilot design of the studly.
In the next phase, after identifying the key factors of
variability, samples were selected for further deconvolution of
spectral profiles, and the exploratory pairwise comparison was
performed. For that the BSDA package and the tsum.test with
Bonferroni correction for multiple comparisons were used. The
analysis was conducted with the significance level of 0.05.

RESULTS

Amide lll band spectral profile

In the Amide Il band region, the gingival crevicular fluid
samples were characterized by the complex multi-component

contour formed by the overlapping bands belonging to
different conformations (Fig. 1). That is why the integral
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intensity was only partially informative, while re-distribution of
the contributions of distinct spectral components within the
common profile turned out to be a more meaningful parameter.
The components correlated to B-sheet structures and
disordered conformations were the main contributors to the
integral intensity; the contribution of a-helical components was
less pronounced [8-10]. Based on the summed contributions
of the main secondary structure elements (Fig. 2), the B-sheet
component contribution exceeded 50% across the four
analytical groups, the contribution of disordered conformations
was approximately 21-31%, while the contributions of B-turns
and a-helical components remained below 10-11%. The key
clinical characteristics of the test groups are provided in Table, and
a typical deconvolution profile is presented in Fig. 1. In Fig. 2,
bars represent the average values of total contributions and
vertical distances represent the measurement variability. The
multivariate analysis data were used to select four analytical
groups; the revealed spectral heterogeneity of samples was
generally consistent with the directional nature of shifts
determined during further deconvolution of the Amide Il band.
Partial delineation of analytical groups was observed in the first
principal component space, which was generally consistent
with the subsequent differences in total contributions of -sheet
components and -turns.

Internal codes of the samples are provided in Table.
Components I-V in the spectral profile are correlated to B-sheet
structures, VI-VIl to disordered conformations, VIII-IX to
B-turns, X=Xl to a-helical components. Such distribution was
also given in the explanatory block of Fig. 1 to make the graphic
material interpretation easier.

Spectral shifts associated with caries

In the pilot cohort, the directed increase in the relative
contribution of the components associated with B-sheet
structures in samples from children with caries was the most
stable feature. The total contribution of 3-sheet components
reached approximately 59-61% in the groups with caries
vs. approximately 53% in the group without any clinically
significant dental alterations (Fig. 2). This shift had the same
direction across different combinations of associated clinical
features, although its magnitude varied from comparison to
comparison. In this studly, it is correct to consider such a result
not as a diagnostic criterion, but a candidate spectral signature
of changes in the gingival crevicular fluid protein component
[11, 13-14].

As for its direction, this observation is consistent with the
literature data on the Fourier transform infrared spectroscopy
of the Amide Il band region in adults, where B-sheet
components were also described as the most stable shift
associated with dental caries [11, 13—14]. However, the same
direction does not mean equivalent conclusions: the adult
and pediatric cohorts are different in age, clinical context,
and the set of confounding factors. Therefore, it is about
the preliminary cross-study consistency, not the full-fledged
external replication.

Spectral shifts associated with the periodontal tissue
inflammatory changes

Individuals with inflammatory gingival changes showed a
tendency toward a decreased contribution of $-turns and a
relative increase in disordered conformations. In the research
set, the share of B-turns remained low and did not exceed
approximately 10%, while the contribution of disordered

conformations was within the range of about 21-24% for groups
with inflamsmatory gingival changes. From the physicochemical
point of view, such a shift can reflect changes in the protein
component composition, enhanced proteolytic activity, and the
increased share of the structurally less organized protein states
in the local inflammatory remodeling medium [2-3, 15].

International data on the gingival crevicular fluid
composition analysis by molecular identification methods
support this common logic: when there is periodontal
disease, samples may have different molecular profiles,
and changes in cytokines, metalloproteinases, and matrix
proteins turn out to be significant [2-3, 15-16]. In this
study, the spectral shifts identified should be interpreted as
an integral signal of the inflammatory remodeling medium,
not as the characteristics of distinct target proteins or
protein panels.

Comorbid medical conditions

The decrease in the contribution of a-helical components was
reported in some children with comorbid medical conditions.
Biologically, such a shift is possible, since the “a-helix/B-
sheet structure” type ratio in protein samples was described
for various diseases and stress conditions [4, 17-18].
However, considering small sample size and the combination
of clinical factors, such a result should be interpreted as
an observational trend, not a proven independent effect of
the comorbid condition. In the context of children’s gingival
crevicular fluid, the Fourier transform infrared analysis should
be considered as an integral molecular profiling method, not a
substitute for target protein panels [4, 17-18]. The distribution
of contributions of the main secondary protein structure
elements is presented in Fig. 2.

DISCUSSION

The data obtained suggest that the Amide Il band profile
in gingival crevicular fluid should be considered primarily as
integral spectral characteristics of a complex protein mixture,
not a direct quantitative measure of the contents of distinct
secondary structures. That is why interpretation of the results
should take into account the limitations associated with the
band overlap, pre-processing scheme, and the deconvolution
model used [4, 8-10].

The directional increase in the contribution of B-sheet
components in individuals with caries is consistent with
the ones earlier reported in papers about IR spectroscopy of
oral biological media, it expands these results to the pediatric
cohort [11, 13-14]. Such a trend can reflect changes in the
ratio of more organized to less organized protein states in the
context of the local caries process. In turn, the trend towards
lower contribution of B-turns and relative increase in disordered
conformations associated with inflammatory gingival changes is
biologically credible and consistent with modern views of the
gingival crevicular fluid molecular profile rearrangement in the
inflammatory remodeling medium [1-3, 15-16].

Thus, in this study, multivariate analysis and deconvolution
of the spectral Amide Ill band had mutually reinforcing functions:
PCA was used to detect the general spectral heterogeneity and
select analytical groups, while deconvolution made it possible
to interpret such variability through rearrangement of the Amide
[ll band component contributions. Such alignment of two
approaches increases evidentiality of the identified directional
shifts, but due to pilot design does not replace their further
clinical testing.

BULLETIN OF RSMU | 4, 2026 | VESTNIK.RSMU.PRESS | DOI: 10.24075/BRSMU.2026.042



Limitations of the study

Interpretation of the detected shifts is limited by the clinical
heterogeneity of observations and the fact that deconvolution
results depend on the spectrum pre-processing algorithms
[4, 8]. Furthermore, in the cohort of children, the gingival
crevicular fluid composition is potentially affected by age,
dentition stage, orthodontic load, and pubertal changes
[6-7]. Features of the pre-analytical phase, including material
volume and time between sampling and spectrum acquisition,
could be other sources of variability. Finally, in this pilot
study, comorbid medical conditions were not analyzed as an
independent factor. That is why the features identified should
be considered as hypothesis-generating and requiring further
validation using the expanded clinically stratified material.
One more limitation is that in this pilot study the dental caries
status and the gingival inflammation severity were described
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