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Abstract
Objective: the aim of this study was to test two buffer solutions in order to attain a reliable and reproducible 
analysis of inflammatory cytokines (IL-1β, IL-6, TNF-α, OPG, OPN and OC), in gingival crevicular fluid (GCF) 
by flow cytometry.
Material and Methods: GCF samples from healthy volunteers were collected with perio-paper strips and diluted 
either in phosphate buffered saline (PBS) or Tris-HCl buffer, with and without protease inhibitors (PI). Cytokine 
immunoassays were carried out by flow cytometry (Luminex Xmap 200) generating standard curves.
Results: standards curves generated with the use of phosphate-buffered saline (PBS) demonstrated best adjust-
ment for cytokines IL-1ß, IL-6 and TNF- α levels, when using Tris-HCl (p<0.05). 
Conclusions: The use of PBS buffer with the addition of PI provided reliable measurements of inflammatory bi-
omarkers in GCF samples of healthy volunteers. 
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Introduction
The analysis of immunological biomarkers in GCF 
has been mostly used for research purposes, although 
it has also been considered appropriate for a periodon-
tal disease diagnosis and the evaluation of the patient’s 
response to therapy (1). Among biomarkers, cytokines 

involved in the cellular inflammatory response (2) have 
been recognized as potentially useful diagnostic or 
prognostic biomarkers of periodontal destruction (3). 
In the quantification of these cytokines in GCF, differ-
ent analytical methods have been used providing very 
heterogeneous results (4). Different factors have been 
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attributed to justify  this heterogeneity including: the 
sampling method, the contamination of the sample with 
oral fluids, the buffer solution used to sample dilution 
and maintenance condition, degradation of GCF pro-
teases, and the different cytokine identification me-
thods (4,5). Although most studies have used the filter 
paper strips to collect GCF, this technique requires the 
selection of the appropriate sites, the careful placement 
of the perio-paper strips, the avoidance of any fluid 
contamination and the suitable  calibration of the fluid 
volume measuring device (Periotron®) (6,7). Moreover, 
since the amount of fluid collected is usually very small, 
mostly in sites without a clear inflammatory status (1-2 
µL), the assay sensitivity used for the cytokine detection 
may be compromised (8). It is, therefore, important, to 
find out the proper buffer to dilute the samples (usually 
in volumes of 100-150 ml) that does not interfere with 
the cytokine detection. Buffer solutions, due to their 
chemical properties, may interact with the biochemical 
components present in samples, or they may interfere 
with non-protein substances, thus altering the results, 
mainly with the use of immunoassay techniques (9). 
Some important considerations when choosing a buffer 
solution are the pH, the salts and detergents. The pH of 
buffers; can affect protease activity solubility can be in-
creased with a moderate amount of salts; and the use of 
any charged detergents will interfere with the analysis. 
PBS buffer may help to minimize these variations and 
give protein uniformity, maintaining a constant pH and 
presenting  the osmolality levels and ion concentrations 
of the solution which usually match those of the hu-
man body (isotonic) (10). On the other hand, Tris-HCl, 
because of its nature, possibly causes  important vari-
ability and interactions between proteins and different 
amine groups resulting in high background and false 
signals. Proteins from GCF samples need to be extract-
ed efficiently and without degradation to make the best 
use of a limited resource. However, protein extraction 
inevitably compromises preservation. In order to avoid 
proteolytic degradation, protease inhibitors are added 
to ensure protein preservation (5), although they regu-
late different enzymatic reactions, such as proteolysis 
of proteins, proteolysis of phosphatases converted into  
proteolytic substrates, which may have catalytic re-
sponses and probably result in high degradation of sam-
ples. In research, enzyme-linked immunosorbent assay 
(ELISA) and the ELISpot® have been the most com-
monly used analytical methods, based on  the analysis 
of each cytokine individually. This demands  arduous 
work and requires enough fluid volume in the sample 
to provide aliquots for each analyte (11). Recently, the 
introduction of bioassays allowing the simultaneous 
assessment of multiple analytes, such as by multiplex-
ing, have solved many of these drawbacks, although 
research findings require the appropriate validation 

and standardization, especially when used with clinical 
samples (12). The FDA guidelines state the importance 
of the adequate validation of the tests assessing biomar-
kers used in a patient’s diagnosis in order to ensure their 
possible clinical benefit (13,14). The Luminex Xmap200 
(flow cytometer technique) is a new diagnostic method, 
which has been used in laboratory assessment of cy-
tokines and hormones (15), allowing  up to 20  cytokine 
targets to be measured from one  single sample. 
The aim of this study is to validate the reliability of a 
7-analyte multiplex assay (Luminex Xmap200) by com-
paring two different common buffers used for diluting 
GCF samples, with or without the addition of protease 
inhibitors.  

Material and Methods
- Subjects
11 healthy volunteers were selected from the Faculty of 
Dentistry of the Complutense University of  Madrid, 
Spain. Subjects were informed about the objectives of 
this study and they agreed to take part in it by providing 
written informed consent prior to the sampling collec-
tion process. 
- Sampling
Three GCF samples were collected from each subject 
from the disto-buccal site of tooth 11 and the mesio-
buccal site of teeth 21 and 22. These samples were ran-
domly assigned to the three following dilution buffer 
assignments: Tris, Tris+PI and PBS+PI. Another 5 sam-
ples of a healthy volunteer were collected from disto-
buccal (teeth 12 and 42) and mesio-buccal (teeth 21, 
31 and 32) sites to make up the fourth group, the PBS 
group. Upper and lower anterior teeth were selected in 
order to avoid sample contamination with oral fluids 
such as saliva or blood.
Perio® paper strips (Oral Flow Inc., #593520) were used 
to collect GCF samples using the following technique :  
once the sites were isolated with cotton rolls and gently 
air-dried, the Perio® paper strips were inserted in the 
gingival sulcus for 30 seconds. The paper strips were 
then inserted in the Periotron 8000® device (Harco, 
Tustin, CA, USA), previously calibrated to each indi-
vidual sample to obtain the fluid volume. Following 
the randomization pattern described before, the strips 
were placed in the vials containing the studied buffer 
solutions (Tris, Tris+PI, PBS+PI and PBS) and were 
centrifuged at 12,500 rpm for 5 minutes  at 4°C. The 
supernatants obtained were stored frozen at -80°C until 
assayed. 
- Immunoassay procedure 
Before starting the bioassay, the samples were thawed 
on ice and once ready for use,  they were spun for 10 
seconds and centrifuged  at 1500 rpm for 15 seconds. 
Cytokine profiles were obtained using the X map200 
device and processed through the commercial human 
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Luminex® kits (Millipore, Watford, UK) following the 
manufacturer’s protocol . In summary, the wells of a 
1.2 μm filter bottom 96-well microtiter plates were pre-
wetted with assay buffer, then 25μL of the sample and 
25 µL of the selected buffer (PBS or Tris-HCl with or 
without PI) were added to appropriate background, 
standards and control wells according to the bioassay 
standard curve. Plates were then incubated in 25 μL of 
pre-mixed microbeads overnight on an orbital shaker at 
4°C, washed twice with wash buffer and then, 25 μL of 
biotinylated detector antibody was added to each well, 
and incubated for 1 h at room temperature. Without 
further washing, 25 µL of streptavidin–phycoerythrin 
solution was added to each well, and the plates were 
incubated for 30 minutes at room temperature on a plate 
shaker, protected from direct light. Before the analysis, 
microbeads were washed twice in wash buffer and sus-
pended in 100 μL/well of Luminex sheath fluid.
- Standard curve preparation 
To prepare the antibody-immobilized beads, the bead 
diluent (provided in the Millipore kit) was pre-warmed 
to room temperature, sonicated and shaken for 1 minute. 
This bead diluent together with 150 μL of analyte beads 
were added to the Bead Mixing Vial until obtaining 
3.0 mL of diluted beads. Serial dilutions of standards 
in deionized water were performed (0- Background). 
The levels (pg/mL) of the obtained standard curve are 
shown in table 1. Before use, quality controls for each 
cytokine were reconstituted with 250 µL of deionized 
water, transferred to polypropylene tubes and allowed 
to settle for 5-10 min. 

Standard IL-1 /IL-6 
(pg/mL) 

OPG 
(pg/mL) 

OC 
(pg/mL) 

OPN 
(pg/mL) 

TNF-  
(pg/mL) 

1 0.49 2.08 17 61 0.4 
2 2.00 8.30 68 244 1.5 
3 7.80 33.20 273 977 5.9 
4 31 132.81 1094 3906 23 
5 125 531.25 4375 15625 94 
6 500 2125 17500 62500 375 
7 2000 8500 70000 250000 1500 

Table 1.  Standard curves of biomarkers for Luminex Xmap 200.

- Statistical Analysis
The analysis included assessment of the buffer effect 
(i.e. differences in mean levels of IL-1β, IL-6, TNF-α, 
OPG, OPN and OC between PBS and Tris-HCl) and 
differences in the mean levels of same biomarkers (pg/
mL) with the same buffers with or without PI. These 
comparisons were analyzed using the Mann-Whitney-
Wilcoxon test (non-parametric test applied to two inde-
pendent samples) and Dunn’s Multiple Comparison test 
as post-hoc analysis.

Results 
Curve adjustment. Table 2 shows the R2 cytokines curve 
fitting for the different buffers analyzed (PBS and Tris-
HCl with and without PI). All standard curves of bi-
omarkers attained higher values of R2 when using PBS 
compared to Tris-HCl. When using Tris-HCl, curve 
adjustment was often low, except for IL-6 and TNF-α, 
(R2= 0. 9178 and 0.9351 respectively), adjustment curve 
of the other cytokines did not  reach up to R2=0.9 value. 
All data showed that the use of PBS with PI rendered the 
best adjustment for IL-6; OPG; OC and TNF-α.  
Cytokines Analysis. Cytokines IL-1ß, IL-6 and TNF-α 
were more often detected when perio -paper strips were 
diluted with PBS and PI, compared to those diluted with 
Tris-HCl buffer (P= 0.0099; P= 0.0371 and P= 0.0284, 
respectively). 
In the group treated with PBS buffer, significantly high-
er levels of IL-6 (P< 0.05) were observed when PI was 
added. For the rest of the cytokines (IL1-ß, OC, OPG 
and TNF-α), there were also higher levels when add-
ing PI, but differences were not statistically significant 
(p>0.05). 

 Tris-HCl PBS 

Cytokines Without PI With PI Without PI With PI 

IL-1  0.8424 0.9955 0.9982 0.9979 

IL-6 0.9178 0.9856 0.9992 0.9996 

OPG 0.8811 0.9797 0.9972 0.9976 

OC 0.8673 0.9924 0.9407 0.9674 

OPN 0.8814 0.9981 0.9999 0.9993 

TNF-  0.9351 0.9971 0.9936 0.9942 

Table 2. Results obtained of R2 in calibration curves of cytokines 
using Tris-HCl and PBS with and without PI.

Discussion
This study shows how positive it is to combine PBS 
buffer with PI and flow cytometry (Luminex®) tech-
niques to obtain a standard curve and detection/quan-
tification of GCF cytokines. We have tried to achieve 
high accuracy, and our range (biomarkers into GCF) 
spans low orders of magnitude, so one way to set up 
the standard curve was comparing two different buffers 
adding or not PI into the buffer. During the optimiza-
tion process, several experimental parameters of impor-
tance for the method were detected. The affinity and 
specificity of the antibody–receptor interactions can be 
significantly altered because proteins present unwant-
ed interactions depending on buffer chemical proper-
ties. Simultaneously, low signal strength provides poor 
quantitative information, which can be compared when 
using (or not) protease inhibitors into the buffer. To im-
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prove this, PI were added to control unwanted catalytic 
responses and thus improving the results of the assay. 
When using Tris-HCL buffer, very low or non-detect-
able positive signals from IL-1β, OPG, OC and OPN 
were observed. Analysis of IL-6 and TNF-α rendered 
variable results with high background and false sig-
nals. This result may be due to buffer solubility. On the 
whole, buffer solubility should be compatible with the 
soluble protein of interest, coupling receptor chains in 
unwanted protein-protein interactions and protein-non 
protein interactions could lead to false signals. As it has 
been proved, obtaining an optimum curve adjustment 
by using PBS with PI added (IL-1β, OPG, OPN, IL-6 
and TNF-α) also showed high sensitivity leading to bet-
ter cytokine sample detection. PBS buffer improved the 
antigen-antibody binding, which was achieved via re-
actions involving amino groups on the protein and the 
carboxyl functional groups on the bead surface. Adding 
PI to PBS rendered the best results detecting specifi-
cally IL-1ß, IL-6 and TNF-α versus using PBS without 
PI. This is probably due to the control of unwanted cata-
lytic responses, improving the amount of proteins and 
coupling reactions protein, obtaining best coupling con-
ditions showing low background and obtaining reliable 
simultaneous detection of cytokines. In conclusion, this 
study has shown that GCF analysis is strongly influ-
enced by the composition of the buffer solution. Using 
PBS as a buffer with PI added not only increases sen-
sitivity compared to Tris-HCl buffer, but also provides 
optimal conditions of protein conjugation. PBS buffer 
and PI can be used to investigate a broad range of cy-
tokines in inflammatory processes.
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