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Abstract

Introduction: Patients with anterior cruciate ligament injury are at high risk of posttraumatic
osteoarthritis and their response to reconstructive surgery and rehabilitation vary. Proteins
identified in the orchestration of the acute inflammatory response may be predictive of patient
outcomes.

Objective: An unbiased, bottom-up proteomics approach was used to discover novel targets for
therapeutics in relation to dysregulation in the orchestration of inflammatory pathways implicated
in persistent joint inflammation subsequent to joint trauma.

Methods: Synovial fluid was aspirated from patients at 1 week and 4 weeks after anterior
cruciate ligament reconstruction (ACLR) and interleukin 6 (IL-6) concentrations were quantified
by enzyme-linked immunosorbent assay. Patients were segregated into IL-6!° and 1L-6"9" groups
based on IL-6 concentrations in synovial fluid at 4-weeks postoperation and proteins in synovial
fluid were analyzed using qualitative, bottom-up proteomics. Abundance ratios were calculated for
IL-6M9" and 1L-6'°% groups as 4 weeks postoperation:1 week postoperation.
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Results: A total of 291 proteins were detected in synovial fluid, 34 of which were significantly
(P < .05) differentially regulated between groups. Proteins associated with the classical and
alternative complement cascade pathways were increased in the 1L-6M3" compared to IL-6!9W
group. Insulin-like growth factor-binding protein 6 (IGFBP-6) was increased by nearly 60-fold in
the IL-6'% group.

Conclusions: Patients segregated by IL-6 concentration in synovial fluid at 4 weeks post-ACLR
demonstrated differential regulation of multiple pathways, providing opportunities to investigate
novel targets, such as IGFBP-6, and to take advantage of therapeutics already approved for clinical
use in other diseases that target inflammatory pathways, including the complement system.
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Introduction

Posttraumatic osteoarthritis (PTOA) is the consequence of mechanical instability or

joint trauma. Patients with anterior cruciate ligament (ACL) injury are at high risk of
developing PTOA, with 50% to 60% of patients having radiographic changes consistent
with osteoarthritis (OA) as early as 5 years, and clinical symptoms of OA within 10 years
following injury. 12 Response to ACL reconstruction, rehabilitation, and treatment with anti-
inflammatories has been met with varied results in the prevention of PTOA. 3 Traditional
indices such as the extent of joint damage or patient pain have not been consistent predictors
of success for the patient. There has been an increasing focus on personalized medicine
approaches to treatment, but biomarkers need to first be identified.

Insights into why some patients recover while others with the same apparent magnitude

of injury do not come from studies in polytrauma patients. Patients were identified as
diverging into 2 subgroups during recovery, which have been variably termed susceptible/
nonresponders and resistant/responders. These 2 groups could be identified based on

their systemic inflammatory response in the acute stages following trauma, and define
those who recover uneventfully (responders), and those who suffer from persistent
inflammation (nonresponders). 38 These outcomes have been tied to temporal coordination
of inflammatory responses, and patients who show early establishment and resolution of
inflammation tend to have better outcomes. 78

Similarly, there is increasing focus on the inflammatory response within the joint following
injury and how the orchestration of this response is related to, and predictive of, patient
outcomes. %10 Increased interleukin 6 (IL-6) within the joint has been detected in the acute
and chronic phases of PTOA after ACL injury or patients with partial meniscectomy and

is associated with progression of OA. 1112 ||_-6 signaling activates JAK proteins leading

to downstream activation of STAT family proteins, YAP-NOTCH pathways, PI3K-Akt
signaling, MAPK cascade, and activation of NF-kB. 1314 Subsequently, 1L-6 signaling
leads to an inflammatory cascade, 1° as well as to further release of I1L-6 in a positive
feedback loop. 16 Continued elevation of IL-6 has also been indicated as a biomarker
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of chronic inflammation in multiple other diseases including rheumatoid arthritis 17 and
several types of cancer. 1819 | -6 could therefore be considered as a biomarker to identify
ACL injury patients with persistent joint inflammation/nonresponders and those responder
patients whose joint inflammation resolves after ACLR.

The purpose of this study was to identify proteins that are dysregulated early in the
inflammatory process that may be targets for therapy in the prevention of PTOA. We
hypothesized that these dysregulated pathways would be associated with expression of 1L-6
and could be identified using an unbiased, bottom-up proteomics approach.

Materials and methods

Patients

Twenty-four patients with primary ACL injury consented to enrollment in an institutional
review board-approved randomized clinical trial assessing the use of hyaluronate injection
vs placebo 1-week postreconstruction (clinicaltrials.gov: NCT03429140). Patients were
enrolled within the first 10 days following ACL injury. Group allotment was determined
with a computerized randomization program, with group assignment being blinded in sealed
envelopes until the patient arrived at their 1-week postoperative appointment. To be included
in the original study, patients had to have an isolated ACL tear with no concurrent posterior
cruciate ligament injury and could not have a grade 3 medial or lateral collateral ligament
injury. Patients were between the ages of 14 and 32 and were skeletally mature with closed
knee growth plates verified via radiograph. They had to have no history of previous surgery
on the ipsilateral or contralateral knee and their ACL injury had to occur during sports
activity. Exclusion criteria included the ACL injury occurring more than 10 days prior

to enrollment, previous ipsilateral or contralateral knee surgery, intra-articular cortisone
injection into either knee within 3 months of injury or a history of any inflammatory
disease. The current study is a secondary analysis involving a subset of 16 patients that had
successful joint aspirations at both the 1-week and 4-week postoperative time points.

Study design

The current study is a secondary analysis of the previously mentioned randomized trial. One
week postoperatively, patients received a knee aspiration, were randomized, and received

an injection of either hyaluronate (Gel-One, Zimmer Biomet) or saline. Subsequent knee
aspiration was then performed 4 weeks postreconstruction. Synovial fluid was centrifuged,
aliquoted, and stored at —80 °C for further analysis. As was previously reported, there were
no postoperative differences in synovial fluid IL-6 concentrations between the hyaluronate
and saline groups, 11 and as such, data from all patients were pooled across groups for the
current analyses.

Biomarker assay

Synovial fluid IL-6 was assessed using a commercially available enzyme-linked
immunosorbent assay (ELISA, Meso Scale Discovery). 11 The assay was run in duplicate,
and any samples outside the limits of detection or quantifications were rerun and intra-assay
coefficients of variance were less than 9.5 for all plates. The IL-6 ELISA was completed
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per manufacturer guidelines. Based on IL-6 concentrations in synovial fluid at 4-weeks
postreconstruction, patients were placed into either an 1L-6 low (IL-6'"%) group or IL-6 high
(1L-6M9") group. A threshold value of synovial IL-6 was 316 pg/mL was used to define
persistent inflammation within the joint, with 6 patients being placed into the IL-6!°" group
and 10 patients placed in the 1L-6M3" group.

Bottom-up proteomics

The aim of this secondary analysis was to use an unbiased approach to identify proteins

and pathways involved in persistent inflammation as potential targets for therapeutic
intervention. Therefore, the proteomic study was designed to identify proteins that were
differentially regulated between 1L-6'°" and 1L-6M3" groups. Absolute protein quantification
was not performed, and abundance ratios were used to compare groups.

In-gel trypsin digestion of sodium dodecy! sulfate gel bands

Fifty micrograms of proteins for each sample were loaded and separated on 10% BisTris
sodium dodecyl sulfate gel under 2-(N-morpholino)ethanesulfonic acid buffer. A gel band
covering 15 to 45 kD for each sample was excised, cut into ~1 mm cubes and subjected to
in-gel digestion followed by extraction of the tryptic peptide as reported previously. 20 The
excised gel pieces were washed consecutively in 200 pL distilled water, 100 mM ammonium
bicarbonate (Ambic)/acetonitrile (1:1) and acetonitrile. The gel pieces were reduced with 70
uL of 10 mM DTT in 100 mM Ambic for 1 hour at 56°C and alkylated with 100 uL of 55
mM lodoacetamide in 100 mM Ambic at room temperature in the dark for 60 minutes. After
wash steps as described above, the gel slices were dried and rehydrated with 50 L trypsin
in 50 mM Ambic, 10% acetonitrile (ACN) (20 ng/uL) at 37°C for 16 hours. The digested
peptides were extracted twice with 70 pl of 50% acetonitrile, 5% formic acid and once with
70 pl of 90% acetonitrile, 5% FA. Extracts from each sample were combined, filtered by a
0.22-ym spinning unit, and lyophilized.

Protein identification by nano liquid chromatography-mass spectrophotometry (LC-
MS/MS) analysis

The in-gel tryptic digests were reconstituted in 25 pL of 0.5% FA containing 125 fmol
tryptic digest of yeast enolase for nano LC-ESI-MS/MS analysis, which was carried out
using an Orbitrap Fusion Tribrid (Thermo-Fisher Scientific) mass spectrometer equipped
with a nanospray Flex lon Source, and coupled with a Dionex UltiMate3000RSLCnano
system (Thermo-Fisher Scientific). 21:22 The gel extracted peptide samples (10 pL) were
injected onto a PepMap C-18 RP nano trapping column (5 pm, 100 um i.d x 20 mm) at 20
uL/min flow rate for rapid sample loading and then separated on a PepMap C-18 RP nano
column (2 um, 75 um x 25 cm) at 35°C. The tryptic peptides were eluted in a 120-minute
gradient of 5% to 35% ACN in 0.1% formic acid at 300 nL/min, followed by a 7-minute
ramping to 90% ACN-0.1% FA and an 8-minute hold at 90% ACN-0.1% FA. The column
was re-equilibrated with 0.1% FA for 25 minutes prior to the next run. The Orbitrap Fusion
is operated in positive ion mode with spray voltage set at 1.6 kV and source temperature at
275°C. External calibration for Fourier transform, ion trap and quadrupole mass analyzers
was performed. In data-dependent acquisition (DDA) analysis, the instrument was operated
using Fourier transform mass analyzer in MS scan to select precursor ions followed by 3
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second “Top Speed” data-dependent collision-induced dissociation ion trap MS/MS scans
at 1.6 m/z quadrupole isolation for precursor peptides with multiple charged ions above a
threshold ion count of 10,000 and normalized collision energy of 30%. MS survey scans

at a resolving power of 120,000 (fwhm at m/z 200), for the mass range of m/z 375 to

1575. Dynamic exclusion parameters were set at 40 seconds of exclusion duration with

10 ppm exclusion mass width. All data were acquired under Xcalibur 4.3 operation software
(Thermo-Fisher Scientific).

Data analysis

The DDA raw files for collision-induced dissociation MS/MS were subjected to database
searches using Proteome Discoverer (PD) 2.4 software (Thermo-Fisher Scientific) with

the Sequest HT algorithm processing workflow for precursor-based quantification. The PD
2.4 processing workflow containing an additional node of Minora Feature Detector for
precursor ion-based quantification was used for protein identification and protein relatively
quantitation analysis between samples. The database search was conducted against a Homo
sapiens database containing 81,785 sequences downloaded from the National Center for
Biotechnology Information. Two-missed trypsin cleavage sites were allowed. The peptide
precursor tolerance was set to 10 ppm and fragment ion tolerance was set to 0.6 Da.
Variable modification of methionine oxidation, deamidation of asparagines/glutamine, and
fixed modification of cysteine carbamidomethylation were set for the database search.
Identified peptides were further filtered for maximum 1% false discovery rate using the
Percolator algorithm in PD 2.4 along with additional peptide confidence set to high and
peptide mass accuracy < 5 ppm. The final protein identifiers contained protein groups that
were filtered with at least 2 peptides per protein. Relative quantitation of identified proteins
between the paired samples for each of the 16 individuals was determined by the Label
Free Quantitation workflow in PD 2.4. The precursor abundance intensity for each peptide
identified by MS/MS in each sample was automatically determined and their unique plus
razor peptides for each protein in each sample were summed, normalized against yeast
enolase protein, and used for calculating the protein abundance by PD 2.4 software. Protein
ratios were calculated based on pairwise ratio for the 2 data points of samples. Results were
further analyzed using Protein Analysis Through Evolutionary Relationships (PANTHER),
23 search Tool for the Retrieval of Interacting Genes/Proteins (STRING) software, 24 and
DAVID (Database for Annotation, Visualization and Integrated Discovery) 25 functional
annotation clustering.

Protein selection

Albumin and redundant proteins were not included in further analysis. Proteins of interest
were identified as being significantly different between the 2 groups using a t-test with P
<.05. Protein selection was further refined to include those having an absolute difference

of abundance ratio between IL-6'"" and 1L-6M9" groups of greater than 0.8, and proteins
with an absolute difference of abundance ratio of less than 0.8 but were differentially up- or
down-regulated between I1L-6!°% and IL-6M9" groups.
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Results
LC-MS/MS analysis of synovial fluid post-ACLR

To identify novel targets in synovial fluid that may contribute to persistence of articular
inflammation following ACL injury, LC-MS/MS was used in an unbiased approach.

Pilot studies revealed heavy contamination of albumin at >50 kDa and potential albumin
degradation product at <15 kDa, especially in patients within the IL-6M9" group. Therefore,
only proteins within the 15 to 45 kDa range were analyzed.

A total of 291 proteins were confidently identified in synovial fluid samples. The complete
list can be found in Table S1. Pathway analysis by PANTHER revealed that the proteins
detected were associated with 19 protein classes (Fig. 1). The majority (59%) fell under

3 classifications: metabolite interconversion enzymes (20%), protein modifying enzymes
(21%), protein-binding activity modulators (18%). Metabolite interconversion enzymes
included proteins related to mitochondrial function and glycolysis. Protein modifying
enzymes included proteases and proteins related to the complement system. Protein-binding
activity modulators also included proteins of the complement system, as well as protease
inhibitors. Extracellular matrix proteins (9%) were in fourth highest abundance.

Proteins in synovial fluid differentially regulated in persistent inflammation

From the full list of 291 proteins that were identified, 34 were identified as proteins of
interest (Fig. 2). A repeat PANTHER analysis on the proteins of interest reduced the number
of protein classes to 11 from 19 (Fig. 3). The predominant classes remained protein-binding
activity enzymes (26.9%) and protein-modifying enzymes (16.4%).

Of the 34 proteins of interest, 27 (80%) were differentially up-regulated in the 1L-6"gh
group (Table 1) and 20% were downregulated (Table 2). Analysis of predicted protein-
protein interactions by STRING showed that these proteins are highly related, with a

total of 44 edges, which are protein-protein associations (Fig. 4; protein-protein interaction
enrichment P < 1.0e~16). Proteins from all activation pathways of the complement system
were detected and were represented in 7/8 Kyoto Encyclopedia of Genes and Genetics
database pathways identified (Table 3). The complement cascade pathway accounted for
25.9% of the proteins upregulated in the IL-6M9" group with a Benjamini-corrected Pvalue
of 1.1e77.

Proteins in synovial fluid upregulated in inflammation resolution

Only 7 of the 34 proteins of interest were upregulated in the IL-6!°% group (Table 4), with no
proteins being significantly downregulated in this group at 4 weeks compared to the IL-6"9"
group. Insulin-like growth factor binding protein 6 (IGFBP-6), which primarily binds to and
blocks the actions of insulin-like growth factor-11 (IGF-I1), but also has IGF-independent
actions, was the most highly upregulated protein in the IL-6!°% group. The abundance

of IGFBP-6 was increased by nearly 60-fold in IL-6!°" patients, and was decreased in
IL-6M9N patients, suggesting it may be involved in resolution of inflammation. Types V/

and VI collagen were upregulated and were highly related in the STRING analysis (Fig. 5;
protein-protein interaction enrichment 2 < 5¢~5) and were the only proteins present in all 4
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Kyoto Encyclopedia of Genes and Genetics pathways identified by DAVID analysis (Table
5; Benjamini-corrected P < .05).
Discussion

The results of this study reveal that multiple protein classes are differentially regulated
between patients with high vs low concentrations of 1L-6 in the synovial fluid at 4 weeks
post-ACLR surgery. Those with high synovial fluid IL-6 are presumed to have persistent
inflammation, and patients with low IL-6 are presumed to demonstrate early resolution

of inflammation. Patients in the 1L-6M9" group had an increase in abundance of proteins
associated with the complement system, which offer therapeutic targets early in PTOA in the
prevention of persistent inflammation following injury.

Two pathways of the complement system, classical and alternative, have been recognized
as components of the inflammatory response in PTOA and contribute to the release

of leukocyte chemoattractants. 26 While the complement system also contributes to the
clearance of dead and dying cells, aiding in repair of damaged tissue, its persistence
within the joint contributes to hypertrophy of chondrocytes and their transdifferentiation
into osteoblasts, contributing to joint destruction. 27 Complement components also play a
role in mediating catabolic enzymes, including MMPs and ADAMTSs, and inflammatory
cytokines such as CCL2, CCL5, and CSF1.27 This highlights the complement system as
a pathway of inflammatory dysregulation, as multiple complement inhibitors, including
eculizumab, and C1 esterase inhibitors, have already been approved by the Food and Drug
Administration for diseases such as paroxysmal nocturnal hemoglobinuria, neuromyelitis
optica, and angioedema. 28

Furthermore, collectin 11, a soluble C-type lectin, binds to L-fucose in the surface of

cells in the presence of cell stress to initiate activation of complement, leading to tissue
injury. 29 In contrast, collectin-11 also plays a role in the suppression of antigen-presenting
cell activation and function, and reduced clinical arthritis scores, disease incidence, and
histopathology scores in a collagen-induced mouse. Although collectin-11 is clearly linked
to complement cascade activation, further exploration of its role in the induction and
progression of PTOA is needed before exploring it as a therapeutic target.

Members of the serpin superfamily, which includes heparin cofactor 2 (serpin D 1) and
protein Z-dependent protease (serpin A 10) are highly associated with the complement
system in other disease systems, including cancer. Heparin cofactor 2 and complement
C4B, which are increased in the synovial fluid 1L-6M9" nonresponders within this study, are
increased in the serum of patients with nasopharyngeal carcinoma who do not respond to
radiotherapy. 39 This may indicate heparin cofactor 2 and C4B as biomarkers in synovial
fluid of patients who may be predisposed to persistent inflammation after ACLR. Protein Z-
dependent protease and complement C3 were identified as factors associated with colorectal
cancer metastasis to the liver, again indicating members of the serpin superfamily as
potential inflammatory biomarkers in PTOA development.
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The alternate approach to restoring balance within the joint, rather than blocking aberrant
inflammatory responses, would be to increase anti-inflammatory responses. Within the
IL-6'°" group, IGFBP-6 was increased by nearly 60-fold, whereas it was decreased by
0.28-fold in the 1L-6"9" group. IGFBP-6 is an acute-phase protein 3! that binds to IGF-11
over IFG-I, and inhibits its effector functions associated with differentiation, proliferation,
and survival of a variety of cell types. 32 IGF-independent functions of IGFBP-6 include
induction of migration of monocyte and T cells, 33:34 both of which have subtypes that
participate in wound healing and immunoregulation. IGFBP-6 is also highly expressed in
fibroblasts and plays a role in the maintenance of collective tissue. 3° These data warrant
further investigation of the role of IGFBP-6 in tissue injury response within the joint as a
potential therapeutic target in the mitigation of PTOA following ACLR.

There are several limitations to this study. First, this study involved samples from 16 patients
and the small sample size could affect both the internal validity and generalizability of

the study’s findings. Future work with larger sample sizes and more broad inclusion and
exclusion criteria are needed to validate the current results. Second, there is no validated
synovial IL-6 concentration that has been found to be predictive of progressive cartilage
degradation after ACLR. The 316 pg/mL threshold was based on previous literature, 11 but
future work is necessary to determine if a true threshold value can be determined. While
bottom-up proteomics provides an unbiased approach for the discovery of therapeutic targets
in PTOA, contamination of synovial fluid with albumin, keratins and fibrinogens suppressed
detection of lower abundance proteins, 38 including interleukins, such as IL-6, which

are key to the orchestration of inflammation resolution. 37 Bottom-up proteomics also
provides qualitative data rather than quantitative, and so comparisons between groups are
limited. An alternative approach would be a targeted, multiplex ELISA with computational
modeling and analysis. 8 Analysis of synovial fluid provides identification of proteins, but
not their source. Pairing proteomic analysis with flow cytometry analysis or single cell RNA
sequencing of cells present within the synovial fluid would provide a more comprehensive
view on cellular targets for therapeutics in the mitigation of persistent inflammation leading
to PTOA following traumatic joint injury.

Conclusions

In summary, patients segregated based on IL-6 concentrations in synovial fluid 4 weeks
post-ACLR demonstrated differential regulation of multiple inflammatory pathways. These
findings highlight the need for well-powered, longitudinal studies to determine if patient-
specific therapies that target the correct molecule at the right time may be able to alter PTOA
progression prior to the inevitability of joint destruction.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Protein Analysis Through Evolutionary Relationships analysis

proteins present in the synovial fluid following anterior cruciate ligament injury. Proteins
of high abundance in synovial fluid are largely involved in protein modification through
enzymatic or protein-binding functions.
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Heat map of protein abundance fold change of the 34 different abundance proteins of interest
that are increased in abundance in the IL-6M9" 378 group (A), decreased in abundance in

the IL-6M9M group (B), and increased in abundance in the IL-6'V 379 group (C). IL-6,

interleukin 6.
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Protein Analysis Through Evolutionary Relationships analysis of proteins of interest reduces
number protein classes to 11. The dominant protein classes following reduction remain

as metabolite interconversion enzymes, protein modifying enzymes, and protein-binding
activity modulators. The percent of proteins that are related to defense/immunity more than

doubled following protein list refinement.
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Analysis of protein-protein interactions by Search Tool for the Retrieval of Interacting
Genes/Proteins in the IL-6"9" patients. Proteins in the complement system were highly
clustered (red nodes) and shared a high number of protein-protein interactions. 1L-6,

interleukin 6.
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Analysis of protein-protein interactions by Search Tool for the Retrieval of Interacting
Genes/Proteins in the IL-6!° patients. Extracellular matrix proteins were clustered (red
nodes) and shared a high number of protein-protein interactions. 1L-6, interleukin 6.
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Table 1

Proteins upregulated in IL-6M9" patients compared to IL-6'°% patients.

Protein name Abbreviation |L-6'°%fold change IL-6Md" fold change ttest
Mean SD Mean sD P value

Platelet glycoprotein Ib alpha chain precursor GPIb (CD42) 25.47 46 83.34 40.82 .0294
Cysteine-rich secretory protein 3 isoform 3 CRISP3 12.78 35.25 75.18 49.63 .0397
Transferrin receptor protein 1 isoform 1 TFRC 0.94 0.92 75 49.99 .0297
Protein Z-dependent protease inhibitor isoform X1 SERPINA10 0.42 0.82 67.14 50.91 .0237
Biotinidase isoform 1 precursor BTD 14.32 37.77 66.96 51.18 .0335
Collagen alpha-1(V) chain isoform 1 preproprotein COL5A1 16.6 29.73 61.92 51.15 .0438
Pregnancy zone protein isoform X1 pzp 1.35 0.84 50.79 53.91 .0373
Collectinr-11 isoform f precursor CL-11 1.17 0.85 50.23 54.52 .0393
Extracellular matrix protein 1 isoform 3 precursor ECM1 0.86 1.07 34.04 51.1 .046

Haptoglobin isoform 1 preproprotein HP 1.67 0.76 7.3 6.54 .0443
Hemopexin precursor HPX 2.73 2.18 6.67 5.39 .0495
Complement C5 isoform 2 C5 0.82 0.61 2.16 1.87 .0414
Complement C1r subcomponent-like protein isoform1  C1R 0.69 0.81 2.02 0.99 .022

Complement C3 preproprotein C3 0.8 0.56 1.6 0.72 .0496
Complement C4-B preproprotein C4B 0.81 0.62 1.58 0.41 .0299
Heparin cofactor 2 precursor SPERPIND1  0.85 0.36 1.57 0.8 .0392
Complement component C8 beta chain isoform 1 C8B 0.89 0.7 1.55 0.44 .0371
Complement C2 isoform 1 preproprotein Cc2 0.77 0.66 1.39 0.72 .0434
Complement component C9 preproprotein C9 0.7 0.49 1.33 0.6 .0282

ttest, P<.05.

J Cartil Jt Preserv. Author manuscript; available in PMC 2024 February 09.

Page 17



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Keller et al.

Proteins downregulated in IL-6"9" patients compared to IL-6'% patients.

Table 2

Protein name Abbreviation |L-6'"%fold change IL-6"9" fold change t-test
Mean SD Mean SD P value
Transforming growth factor beta-1 proprotein isoform X1~ TGF-g1 0.81 0.67 0.1 0.23 .0359
Chondroadherin isoform X1 CHAD 0.71 0.29 0.13 0.13 .0015
Fibroblast growth factor-binding protein 2 FGFBP2 1.15 0.74 0.17 0.19 .0026
Endothelial protein C receptor precursor PROCR 0.77 0.42 0.18 0.38 .0126
Ferritin light chain isoform X1 FLT 0.77 0.69 0.22 0.22 .0194
Proteoglycan 4 isoform X1 PRG4 0.84 0.38 0.27 0.21 .0019
ttest, P<.05.
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Page 19

KEGG pathways upregulated in 1L-6M9" patients at 4 weeks after anterior cruciate ligament reconstruction.

KEGG pathway Total proteins,% Count Proteins P value Benjamini
Complement and coagulation 259 7 C2, C3, C4B, C5, C8B, C9, SERPIND1  .0000000023  0.00000011
cascades

Systemic lupus erythematosus 22.2 6 C2, C3, C4B, C5, C8B, C9 .0000045 0.00011
Staphylococcus aureus infection 14.8 4 C2,C3,C4B, C5 .00016 0.0025
Pertussis 14.8 4 C2,C3, C4B, C5 .00042 0.005
Amoebiasis 14.8 4 COL5A1, C8B, C9, TGFB1 .0011 0.011
Prion disease 11.1 3 C5, C8B, C9 .0021 0.017
Phagosome 14.8 4 COMP, COLECL11, C3, TFRC .0031 0.021
ECM-receptor interaction 11.1 3 COMP, COL5A1, GP1BA .013 0.078

Abbreviation: KEGG, Kyoto Encyclopedia of Genes and Genetics.
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Table 4

Proteins upregulated in IL-6'°V patients compared to IL-6M9" patients.

Protein name Abbreviation |L-6'"%fold change IL-6"9" fold change t-test
Mean SD Mean SD P value
Insulin-like growth factor-binding protein 6 precursor  IGFBP-6 58.58 51.67 0.28 0.27 .0243
Collagen alpha-1(V1) chain precursor COL6A1 41.17 50.63 1.67 1.64 .0358
Ubiquitin-60S ribosomal protein L40 isoform X1 UBA52 37.61 51.67 0.01 0 .0393
Fibulin-1 isoform D precursor FBLN1 34.08 49.45 0.43 0.49 .0337
Angiogenin precursor ANG 33.62 42.37 0.35 0.59 .0304
Collagen alpha-2(V) chain preproprotein COL5A2 14.80 30.15 2.65 1.96 .0388
Collagen alpha-3(V1) chain isoform 1 precursor COLG6A3 3.15 1.95 1.61 1.23 0.0366

ttest, P<.05.

J Cartil Jt Preserv. Author manuscript; available in PMC 2024 February 09.

Page 20



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Keller et al.

Table 5

Page 21

KEGG pathways upregulated in I1L-6'° patients at 4 weeks after anterior cruciate ligament reconstruction.

KEGG pathway Total proteins, % Count Proteins Pvalue Benjamini
ECM-receptor interaction 42.9 3 COL5A2, COL6A1, COLBA3 .00047 0.0017
Protein digestions and absorption ~ 42.9 3 COL5A2, COL6A1, COL6A3 .00048 0.0017
Focal adhesion 42.9 3 COL5A2, COL6A1, COL6A3 .0026 0.0061
PI3K-Akt signaling 429 3 COL5A2, COL6A1, COL6A3 .0073 0.013

Abbreviation: KEGG, Kyoto Encyclopedia of Genes and Genetics.
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