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Overview

Histological Applications of articular

@ Staining Human _ cartilage repair
In vitro

Articular Cartilage L
Cell pellets Hydrogels nghllght

More Than 47 Million « 32.5M U.S. adults OA (2023)

Americans Have Arthritis

There are more than 100 different types of arthrifis.
Here's a look at the most commen types in the U.S.

500 um e

* No reasonable cure; typical option:
total knee replacement.

Sjogren’s
Syndrome
4 Million

Objectives:

Axial
Spondyloarthritis
2.2 Millkon®

Sequence RNA of tri-layer articular
cartilage:

Rheumataid
Arthritis
1.3 Millien — -~ Ostecarthritis

* Normal articular cartilage

30.8 Million In vivo
Juvenile (nHAC)
'Eﬁ." L « Osteoarthritis articular cartilage
(OA)
2urso0 g ¢ Mesenchymal Stromal Cells
FREELTRENE T, (MSCs)

* MSC-derived (MSCs-Bioreactor)

Figure 1. A) Osteoarthritis statistic (U.S.) [1], B) Articular cartilage staining & hydrogel application [2] °
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[1] ref:
[2] Histological staining ref: [] M. Rikkers, J. V. Korpershoek, R. Levato, J. Malda, and L. A. Vonk, “The clinical potential of articular cartilage-derived progenitor cells: a systematic review,” npj Regen Med, vol. 7, no. 1, pp. 1–20, Jan. 2022, doi: 10.1038/s41536-021-00203-6.

(240-300 words/per slide for 2 minutes) (416 words)
Due to Over 32.5M U.S. adults were affected by OA (2023) and based on previous literature no appropriate treatment for osteoarthritis disease. There's no cure for OA, but medications, physical therapy, and sometimes surgery can help reduce pain and maintain joint movement. In tissue engineering, they aims to regenerate articular cartilage under microenvironment by using scaffold and biomechanical force and supplement to replicate environment like articular cartilage.  Our project focus on to evaluate gene expression on human articular cartilage. So, we aim to generate transcriptome (genetics) profile and 
compare to MSC (MSC is cell type of cell that can differentiate into multiple cell types, including bone, cartilage so, we select MSC because MSC is Multipotent which can be differentiate into into multiple cell types, including bone cells, cartilage cells, muscle cells), and OA (which is Progressive degeneration of articular cartilage leads to joint pain and dysfunction so, we also study on OA for compare chemical and physical of cell in OA and normal articular cartilage), and MSC derived which MSC embedded in hydrogel and culture under bioreactor to directory into chondrogenesis (the biological process of developing cartilage tissue we aims to produce MSC which embedded in hydrogel and apply biomechanical force and growth factor to direct MSC into chondrocytes which is main cell type in articular cartilage tissue). Our project will working on
Histological staining for normal AC, OA, MSC, MSC derived to evaluate tissue and cell morphology (to compare study of the shape, size, and structure of cells within a tissue how different type of tissue structure different)
Also working on cell culture for (expanding MSC cell for collect and analyze for compare genetic expression at least 3 Million cells)
Hydrogel scaffold for embedded MSC into construct to replicate microenvironment like articular cartilage 
And the most important part in this project is to generate RNA sequencing of different of different tissue samples for example (1) normal AC (2) OA (3) MSC (4) MSC derived which produce by bioreactor which apply biomechanical force and growth factor supplement
Our objective is to generate genetic profile of different type of tissue samples for (1) normal AC (2) OA (3) MSC (4) MSC derived, we aim to compare chemical and physical of heterogenous cell in different layers and different tissue for example how different genetic expression profile in normal AC different from OA and MSC. And we also evaluate MSC in hydrogel which produce from bioreactor will similar and different from normal AC and OA?
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Motivation and Problem Statement

Objectives:
* Analyze articular & osteoarthritic cartilage
* Compare cell populations/properties

Cartilage Functions:

* Low-friction movement

* Shock absorption (protects subchondral bone)
e Load transmission (stabilizes joints)

Figure 2. Graphic of human articular cartilage to microscale [3]
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Slide 4
(240-300 words/per slide for 2 minutes) ( 312 words)
 
So and So shows the full-scale cartilage section in the knee down to the microscale cellular structure where chondrocyte cells are responsible for secretion of cartilage proteins
This animation on figure 2, which show the large scale or full scale of human knee scale into articular cartilage tissue into microstructure that show us the articular cartilage tissue which compose of composed of a dense extracellular matrix (ECM) containing mainly collagen type II, proteoglycans (particularly aggrecan), and water; with a sparse population of specialized cells called chondrocytes embedded within the matrix; it is essentially a type of hyaline cartilage with no blood vessels or nerves present. 4 main components:
Collagen type II: This is the predominant collagen type in articular cartilage, providing tensile strength and structural support. 
Proteoglycans: These large molecules, especially aggrecan, attract water and contribute to the cartilage's ability to withstand compressive forces. 
Chondrocytes: These cells produce and maintain the components of the extracellular matrix. 
Water content: Articular cartilage has a high water content, which is crucial for its lubrication and shock absorption properties.
In our project, we see the importance of the problem of OA, which is no appropriate treatment except total surgery and no suitable treatment for cure advanced or early-stage of OA treatment. Our project we mainly study on articular cartilage tissue and to characterize and generate genetic profile for analyze cell population and cell properties of cell in different layer of articular cartilage layer by layer and to analyze cell population in different type of tissues 
Normal
OA
MSC
MSC derived
Base on figure or this animation 2 which represent normal articular cartilage tissue and articular cartilage cells which is called chondrocytes. This animation show articular cartilage tissue located on femoral condyle which can be medial or lateral femoral condyle bone 
And articular cartilage tissue which lies on the end of femur bone. 
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Motivation: No Engineered Tissues Replicate Tri-Layered Cartilage

Several biopolymer scaffolds

 Wolfetal. (2008): hyaluronan-
based polymer

* Silviaetal. (2010): human
amniotic membranes (HAMs)

* Amos etal. (2012): collagen-
based scaffold

Col ll. 20x

Motivation

* Reproduce tri-layer articular
cartilage-like from MSCs hydrogel
cultured by bioreactor

Figure 3. Histological Section of biopolymer
scaffolds: A) hyaluronan monolayer, B) hyaluronan
pellet culture, C) HAMs, D) collagen-based, E)
hyaluronic acid scaffold
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Figure 1

Reference: [1] “Figure 3. Redifferentiation of human articular chondrocytes (HAC)...,” ResearchGate. Accessed: Oct. 22, 2024. [Online]. Available: https://www.researchgate.net/figure/Redifferentiation-of-human-articular-chondrocytes-HAC-cultured-as-monolayer-or_fig3_23683408

Figure 2
Immunohistochemistry of the monolayer of human articular chondrocytes grown on the basement membrane of human amniotic membranes (HAMs) showed positive staining for type II collagen (Col II)
[1] S. Díaz Prado et al., “Potential use of the human amniotic membrane as a scaffold in human articular cartilage repair,” Cell and tissue banking, vol. 11, pp. 183–95, Apr. 2010, doi: 10.1007/s10561-009-9144-1.

Figure 3
[1] A. Matsiko, T. J. Levingstone, F. J. O’Brien, and J. P. Gleeson, “Addition of hyaluronic acid improves cellular infiltration and promotes early-stage chondrogenesis in a collagen-based scaffold for cartilage tissue engineering,” Journal of the Mechanical Behavior of Biomedical Materials, vol. 11, pp. 41–52, Jul. 2012, doi: 10.1016/j.jmbbm.2011.11.012.

Fig. 5. Histological sections of collagen (A), CCS (B) and CHyA (C) scaffolds after 28 days in culture with rMSCs in chondrogenic medium. Histological analysis revealed that CHyA scaffolds displayed greater levels of cell migration towards the center of scaffolds with a resulting homogeneous cellular distribution throughout the construct. 


(240-300 words/per slide for 2 minutes) (324 words)
 
Based on previous other research up to date several research, no one are unable to create or reproduce similar tri-layer of artilcular cartilage structure,
 
Here an example of previous research from,  
Figure 3A 
this author Wolf and group public on (2008), they used Hyaff-11 is a hyaluronan-based biodegradable polymer to do 3D culture to Redifferentiation of human articular chondrocytes (HAC) in monolayer. 
 
Fig. 3A, It show chondrocytes culture for 24 hrs in hyaluronan biopolymer in monolayer, staining by safranin O. bottom part It show after monolayer culture in 2 weeks.
Fig. 3B It show after aggregate culture from 24 hrs to 2 weeks.
 
Figure 3C
  this author Silvia and group public on (2010), they used human amniotic membranes (HAMs) is [the inner layer of the placenta that surrounds and protects a developing baby.] to culture human chondrocytes cells monolayer on HAMs membrane
 
. As shown in figure 3C is shown Immunohistochemistry of COL2. 
 
Fig. 3D and 3E
 
Author Amos and group publish on (2012) use collagen-based scaffolds. 
Figure 3D Collagen–chondroitin sulphate scaffolds (CCS)
Fig 3E is collagen hyaluronic acid (CHyA), 
To culture mesenchymal stem cells (MSCs) in a chondrogenic medium for 28 days
 
In our project, we see the importance of the problem of OA, which is no appropriate treatment except total surgery and no suitable treatment for cure advanced or early-stage of OA treatment. Our project we mainly study on articular cartilage tissue and to characterize and generate genetic profile for analyze cell population and cell properties of cell in different layer of articular cartilage layer by layer and to analyze cell population in different type of tissues and 
 
to evaluate the MSC cell embedded in hydrogel which culture in bioreactor which will be reproduce to differentiate MSC into chondrogenesis. Which can differentiate MSC and replicate human cartilage like. And we will analyse gene expression  on normal cartilage and OA from MSC, also compare with MSC derived which reproduce by bioreactor culture.
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Motivation and Problem Statement

Biomechanical Factors

e Growth Factor * Evaluate tri-layered MSC
e Shear force

k‘ ) ];jj
> * Reproduce tri-layered articular
cartilage culture in bioreactor

T

* RNA-seq provides gene
expression profiles

* validate tri-layer articular
cartilage culture

Mesenchymal Chondrocyte
Stromal Cell

Figure 4. MSCs hydrogel culture in bioreactor for articular cartilage
regeneration [2]
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In our project, we proposed to reproduce tri-layer multifunctional articular cartilage culture with bioreactor. Which differentiate MSC (Multipotent) into chondrogenesis (biological process of developing cartilage tissue characteristics).
2. to evaluate the MSC hydrogel differentiate into chondrogenesis by RNA sequencing and generate gene expression profile for compare normal articular cartilage and validate tri-layer multifunctional articular cartilage culture with bioreactor in comparison to normal articular cartilage characteristics
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Figure 5. Normal articular cartilage components [2]
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(150 words/per slide for 1 minute) (92 words)

Our project work on to characterize and provide RNA sequencing on articular cartilage tissue. On figure 5, it shows human articular cartilage tissue structure, which we can see the different cell population on tri-layer. Based on each layer, the first layer is the superficial zone, which have chondrocyte cell is flattened. For next layer which called middle zone, which have chondrocyte cell which in round shape, the last layer which call deep zone, which contains hypertrophic chondrocyte cell. The cell orientation like a column. The right figure is shown the chondrocyte cells in normal human articular cartilage tissue stained with immunofluorescence staining with CD44 and dapi.
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Collecting Tissue

Tissue samples Table of articular cartilage sample collection
! R 4 /N Category1 Category2 Category3 Category4 Category5
Normal f;uman Osteoart/hritis
articular cartilage human articular Age 10-20 20-40 40-50 50-60 60-70
(N=7) cartilage (N = 6)
% Zone Superficial Middle Deep
Mesenchymal ‘ MSC- MSC- Normal  Ostearthritis
Mesenchymal | | Mesenchymal
Sm()riln 2 ':Se" St?z(rar?; el St?i?r?:;:l el Type I\S/Iterzre::lhggg derived derived articular articular
v e day-0 day-7 cartilage  cartilage

Figure 6. Collecting [2]
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Method slide 1  (1 min) Bernie’s note:  The table is hard to understand; it looks like Category 5 is the only one where you study the deep zone  and you do so for 50-60 Yr olds only for Normal and 60-70 only for OA. This is not what you mean, but people will try to line up the Category columns with what is below them.

(150 words/per slide for 1 minute) (75 words)

On figure 6, it show all different type of tissue and cell samples. That we collect for process RNA sequencing. 
Normal AC
OA
MSC lower passages
MSC embed in hydrogel constructs which reproduce by culture from day 0 and 2 weeks. 

And table which provide all tissue sample in different category for example, different age of donors, and we will characterize and process RNA sequencing at different layers of tissue samples.
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Processing of Tissue

| R
Procedures
. /‘\’ 1. Collect nHAC tissue samples
Collecting ﬁ):oaﬁgﬁ eri%?ﬂgd Sectioning 2. Fix tissues: 4% PFA fixative, 24 h
3. De-calcify: 20% EDTA (2 D)
- 4. Preserve: 70% ethanol
5. Paraffin embed
W ﬁ =
. Histological and RNA sequencing Gene expression
|mmu2:>afilﬁic:]rgescent profile Figure 7 Handling & processing [2]
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Created in  BioRender.com
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Nano String

Table 2 of protein/cell markers

Cell/protein
e CD44 markers ..
e SOX9 Immunofluorescence staining
e Aggrecan ]
Mesenchymal . o, * Protein/cell markers
Stromal Cells (CD44/Sox9/Aggrecan)
el gl o _ .

REIRE R RE I * Visualize MSC and nHAC-
h‘z:n";?" e CD44 specific proteins under nano
articular : ioxrican string
cartilage 99

Osteoarthritis e CD44
articular e RUNX2
cartilage e Aggrecan

10
Figure 8 Immunofluorescence staining [2]
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(150 words/per slide for 1 minute) (75 words)

Fig.8 shows apply immunofluorescence staining to visualize tissue structure under a nanostring machine for RNA sequencing.
We apply protein marker and cell marker for example. CD44/sox9/Aggrecans which 
Using antibodies against these markers in immunofluorescence helps visualize and confirm MSC differentiation into cartilage, to visualize tissue with specific protein marker for hAC
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Nano String

DEP barcoded BNA

probes GeoMx llumina Sequencer

Flisoresceni
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&

Figure 9. Nano string GeoMx Digital Spatial Profiling (DSP) workflow overview [7]

11


Presenter Notes
Presentation Notes
Method slide 4 (1 mins)

Slide 11
 
(150 words/per slide for 1 minute) (129 words)
 
On Figure 9, it shows the workflow of sample preparation with immunofluorescence staining with protein/cell markers. Because we need to stain the tissue for visualize tissue section while we loading tissue slide into nanostring which have the customize probe to apply photocleavable base on fluorescent antibodies (CD44/SOX9/ACAN)
2. After we visualize based on cell/protein markers, we select area of interest based on tissue structure into tri-layers.
3. The nanostring machine will collect RNA out of the cell with UV cleave based on area that we selected, and will collect RNA each sample into 96 well-plate.
4. Then, nanostring machine will be used NGS to read for prepare RNA sequencing 
5. Then, we can analyze gene expression level and transcriptomic or gene profile for each different type of tissue sample. 

Created in  BioRender.com
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Nano String

GeoMx® Digital Spatial Profiler Workflow RNA Assay

Day 1: Slide preparation

®

Preparation of
FFPE samples
Formalin-fixed
paraffin-embedded
tissues (FFPE) with
7 um are dewaxed

Autostainer

®

Slide preparation
Detection of
specific targets
with probes

/,}

©

Overnight '
incubation i ‘ 0
Samples are —
incubated with i

the probes for

24h X 24h

Day 2: Process slides on GeoMx®

Day 3: Process on nCounter

Day 4: Data analysis on GeoMx®

Stain & wash slides
Stain with morphology
markers (fluorescently
labeled antibodies)

Start GeoMx run
Load instrument
Identify slides

Scan and select ROIs
Different areas of the

b{ ~

Pool
Pool wells into
| cartridge or strip tubes

I
VVVVVVVA

Run nCounter
Upload CDF from USB

!.’ to nCounter

Procedures

1
2
3
4.
5
6

Section tissue into 7 um
Fluorescence stain tissue

Scan and Select tri-layer tissue
Collect RNA into 96 well plates
Sequence RNA

Analyze gene expression

Figure 10. Processing of Nano string spatial profiler [2]
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GeoMx Digital Spatial Profiler Workflow RNA Assay

This fig. 10 shows workflow of nano string for doing RNA sequencing, 
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Chondrogenesis
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[1]
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To Give you an overview for all process that we keep doing, first we need to characterize tissue structure with histological staining and immunofluorescence staining. Then we process nanostring and collect RNA based on cell and protein marker each layer. Then, we will analyze gene expression profile in different layer in different tissue samples.
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Results 1: Histological Staining
| 7 Safranin O—Fast green

® Black dot — Nuclei

® Green — Cytoplasm

® Red — Proteoglycan

Deep zone

Alcian blue/safranin O
@ Alcian blue — Glycosaminoglycans
® Safranin O — Proteoglycan, aggrecan

Figure 12. (A) Normal articular cartilage stained with
safranin O/Fast green, (B) Osteoarthritis articular
cartilage stained with Alcian blue/safranin O, (C)

Mesenchymal Stromal Cells stained with H&E ”



Presenter Notes
Presentation Notes
(0.5 min)

ADD size zone for each layer and the color which stained for.



Preliminary results  proposed research Summary & acknowledgement

Results 2: Immunofluorescence Staining

DAPI CD44 merge

. - - -
o - - -

Figure 13. Representative images of immunofluorescence staining (IF) of CD44 and nuclei for normal human articular
cartilage (hAC41) under fluorescence microscopy (magnification: 20x). 15
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Results 3: immunofluorescent staining of different type of tissue or cell
Characteristics: Cell or tissue morphology
Different tissue/ cell morphology 4 types:
Normal / whatever we have left
OA / whatever we have left
MSC (not done yet) would be just CD44 cellmarker and dapi
MSC derived/bioreactor sample (would be CD44, and sox9)
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Results 3: Immunofluorescence Staining

DAPI ACAN merge

Figure 14. Representative images of immunofluorescence staining (IF) of Aggrecan and nuclei for
normal human articular cartilage under fluorescence microscopy (magnification: 20x). 16

Control

ACAN + DAPI
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Results 3: immunofluorescent staining of different type of tissue or cell
Characteristics: Cell or tissue morphology
Different tissue/ cell morphology 4 types:
Normal / whatever we have left
OA / whatever we have left
MSC (not done yet) would be just CD44 cellmarker and dapi
MSC derived/bioreactor sample (would be CD44, and sox9)
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Results 4: Immunofluorescence Staining

DAPI SOX9 merge

Control

SOX9 + DAPI

Figure 15. Representative images of immunofluorescence staining (IF) of SOX9 and nuclei for normal
human articular cartilage in 5% BSA under fluorescence microscopy (magnification: 20x). 17
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Results 3: immunofluorescent staining of different type of tissue or cell
Characteristics: Cell or tissue morphology
Different tissue/ cell morphology 4 types:
Normal / whatever we have left
OA / whatever we have left
MSC (not done yet) would be just CD44 cellmarker and dapi
MSC derived/bioreactor sample (would be CD44, and sox9)
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Expected results

>

o
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< ¥ @
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A9 &S
¢ Expected results:
1.9

* SOX9, COL2A1, ACAN: high in nHAC& MSC-
derived bioreactor

e RUNX2: elevated in OA.

S0X9

ACANs

* Similar gene profiles between nHAC& MSC-
derived bioreactor.

COL2A1

MMP 9

PRG4

CHI3L1

RUNX2

MMP 9

COL10A1 18

Figure 16 Heat map gene expression [2]
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We proposed to provide a gene expression profile for each different tissue samples, 
For normal/OA/MSC/MSC-derived in bioreactor culture,
We expected to see 
significant gene like SOX9, COL2A1, ACANs, which will be high expression in normal AC, and also in MSC-derived from bioreactor.
And some gene like RUNX2 will higher regulated in OA
We also expect to see similar gene expression profile between normal AC, and also in MSC-derived from bioreactor.

SOX9 is
COL2A1 is collagen, type X, alpha 1
ACAN is 
PRG4 is proteoglycan 4
RUNX2 is 


Created in  BioRender.com
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Project Summary

Summary & acknowledgement

Objective:
* Analyze properties & cell populations
* Assess MSCs & tri-layer constructs in bioreactors
e Validate MSCs with mechanical forces & TGF-B3

Tissue samples:
e nHAC: 9 patients (N = 9)
e OA: 6 patients (N = 6)
e MSCs in hydrogel (cultured in bioreactor 2 weeks)

Methodology:
e Immunofluorescence
e NanoString for RNA sequencing
e Python & R Studio: Data Analysis

Expected results:
e Gene Expression Profiles
o Assess replication of NHAC properties.
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Future plans for RNA sequencing

Sequence RNA
) Y T a
* Compare zones: superficial,
Mesenchymal MSCs middle, deep
| cell P4 .
strc()'\rﬁngcg)e S (P4) Assessment Expression profile « Analyze normal, osteoarthritic,
® Cell1 HEEE NEEEN and MSC-derived types
o ceiz NN WENN
ecas BN
cellN | R B

Spatial transcriptomics
(sequencing, data
analysis)

17. MSC, normal, OA, and chondrogenesis in bioreactor [2]

Human articular MSC culture in 20
cartilage bioreactor
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