Quantification of Airway Remodeling in Normal and Asthmatic patients
UBC

Py o Ry gy

| 1 q
b ; " Y TR A

* L8 .'.E' & r,

. 1 .__l_|..1:,l..{..|_ f.l-:;. P,

Centre for Soheil Hajimohammadi!4, Furquan Shaheeni, Tillie-Louise Hackett!:3

Heart Lung Innovation ICenter for Heart Lung Innovation, St. Paul’s Hospital, Vancouver, BC, CANADA CIHR IRSC
UBC and St. Paul’s Hospital ’Department of Biomedical Engineering, University of British Columbia, Vancouver, BC, CANADA
3Department of Anesthesiology, Pharmacology and Therapeutics, University of British Columbia, Vancouver, BC, CANADA

S B Iy
-\

.
\."1,.\-

] "’:"
- . :

Canadian Institutes of  Instituts de recherche
Health Research en sante du Canada

HLI

Abstract Introduction Methods and Procedures

Rationale: Airway remodeling is a fundamental feature of asthma, linking inflammation _ i
with airway hyperresponsiveness (AHR). Airway remodeling pertains particularly to the Asthma is the most common chronic condition in children The collagen molecule subunit is a rod about 300 nm long and MPEF and SHG microscopy Analysis

structural changes that occur in and around the trachea, bronchi and bronchioles. worldwide. This chronic inflammatory disorder appears as airway 1.5 nm in diameter, made up of three polypeptide strands, they

Remodeling involves all parts of the airway wall including the epithelial, submucosal, - - - - - - - - - - - - A mode-locked femto-second Ti:Sapphire Tsunami was used for the experiments. Thickness variations:
i) Seein TUSEE [EyEs &5 wel 65 wessulkn STEUES. e eelimeils simey clse hyperresponsiveness and inflammation and is often characterized twist together into a right-handed coiled coll to form a triple helix . The laser output was attenuated using neutral density filters and the average power

shows evidence of fibrosis, with deposition of abnormal extracellular matrix (ECM) by pathological modification of the airway structure. was below the damage threshold of the samples. The laser beam was focused on  For thickness measurements, an image analysis algorithm based on
components in the basement membrane in particular collagen I. While it is known that the specimen through a Lecia water immersion objective, 63 X/1.2 NA. Leica the local thickness plugin in Fiji was designed to determine the average
the basement membrane is thicker in asthma, it is unknown whether this is a uniform The Structural changes are often called airway remodeling and _. =Y Software was used for the image acquisition. A short pass filter was used to thickness and the thickness variations. The theory of the local
thickening, or irregular in nature. In addition, the re-organization of collagen | : . amithal: RTIRN : " Iy = i revent the scattering radiation from reaching the detector and a long pass dichroic  thickness is for each point in the object, the diameter of the largest
components during remodeling is still poorly understood. Include  epithelial changes, sut_)-eplthellal flbrOS.IS and deposition - Eeam splitter was uged to separate SHG signal from the MPEF signgalr.) SHG signal circle that fits inside the object and contains the point is considered to
of abnormal extracellular matrix components in the basement in forward direction was captured using a non-de scanned detector. represent the local thickness of that point. Different parts of the object
Methods: High resolution Aperio images of airways stained with Masson’s Trichome membrane and in particular collagen. = which are different in thickness are coloured relatively.

from asthmatic (n=5) and non-asthmatic (n=5) subjects were used to analyze variations Asthma T e
in basement membrane thickness. An image-analysis algorithm was designed to . T Detector LA ~. /A
measure the standard deviation of thickness variations on optimized images of - A & b D\ N [~ ;)

/=

basement membranes. To analyze the remodeling of fibrillar collagens, multiphoton s . ‘ 5 ' When imaging by Multiphoton Microscopy, non-centrosymmetric I TRA S N
microscopy was used to acquire specific second harmonic generation (SHG) images. G AR UL T o o ST X structures such as collagen exhibit a SHG peak and because it is Backward (FE 1'% "
The morphology of the structures within the image was quantified based on ‘Structure Iy P e - LN e BN Wb X shorter than the fluorescence spectrum, it can be separated and \ Dichroic Mirror @ s ol =Y_ A5 = -
Tensors’ method. This method not only calculates the overall dominant direction in a & A oy ; ", U3, . : ) ] ; 0 T(P)—zmax {?‘|PESP=’I(XJ)Q QJEQ})
certain region of interest, it also provides a measure of how well the structures are : S 1 : prowde contrast for tissue Imaging.
organized in that direction. a4 - - R Objective Lense
4 B i I Structural orientation coherency of collagen fibers was determined
Results: Using our image analysis algorithm, we found that there was a trend towards ] : L RS Basement HypOth €SIS ~ A Sy R using the local orientation and isotropic properties (coherency and
thicker basement membranes in asthmatic airways. We found that the variation in 4 B &N iged Membrane _ . . S energy) of every pixel of the image derived from the structure tensor
basement membrane thickness was similar between asthmatic and non-asthmatic : £ T We hypothes!ze_ the_‘t e SilveilieEl Orlentanon of fragm_ented pollager_l and the = . matrix that was defined for each pixel.
airways. A - " - degree of variation in basement membrane thickness will be different in normal . £3 - Structure tensors are a matrix representation of partial derivative
Using Structure Tensors method we determined the orientation coherency of collagen e 5 D _ & 7 N 6 of ey and asthmatic airways. I EFs information. In the field of image processing and computer vision, it is
fibers in asthmatic airways was significantly lower than non-asthmatic airways (p= TN Nl S b E W S 1Ific Alm Detector typically used to represent the gradient or "edge” information. It also
0.0186). These data indicate that fibrillar collagen in asthmatic airways is less oriented. : e 2 #7 N peCI IC - has a more powerful description of local patterns as opposed to the

Collagen fibers orientation:

IR Y - Al directional derivative through its coherence measure.
Conclusion: Using multi-photon microscopy, we demonstrate for the first time that AT i g The aim of this study was to compare fibrillar collagen arrangement and All SHG and MPEF spectral measurements were performed using the de-scanned  The coherency parameter C which is an index between 0 and 1 ,
fibrillar collagen in the asthmatic airways is less orientated. Understanding the ) ; " D basement membrane thickness variations in normal and asthmatic airways PMT detector located inside the scan head. A series of individual images were represents the structural orientation coherency. It is defined as the ratio
remodeling of fibrillar collagen as well as basement membrane modification is important High resolution Aperio image and also to determine the effect of less oriented collagen on fibroblast collected using a narrow detection window with a width of 10 nm through the overall ~ between the difference and the sum of the tensor eigenvalues.
as collagen structure plays an important role in ability of fibroblasts to maintain airway scan of an airway section function. spectral capacity of the system and each image detected at this specific emission ~ This coherency parameter was measured on 3 different regions of
structure during homeostasis and repair. Future studies will determine the effect of wavelength band provided a data point in the spectral graph. interest on 5 different spots on each sample.
collagen structure on fibroblast function.

Samples
Gender Average Age Figure 2: Sub-epithelial collagen is more

Astima disorganized in asthmatic airways based
Normal 17.43rs on the structure tensor analysis

Total 19.1 yrs

Summary

Figure 3: Basement membrane
thickness variation is different in
normal and asthmatic airways
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In comparison, asthmatic
airways have...

Table 1. Information of the donors used (m=male f=female yrs=years).

Results

Figure 1: Determining the correct
counter stain for collagen analysis
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» Trend towards greater and more variable
basement membrane thickness than non-
asthmatic airways.
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tissues to identify different structures within patient samples.

Human lung airway sections were stained to visualize tissue Figure 2: A) Forward scatter image of an airway where Collagen fibers are

. Orgel, Joseph PRO, et al. "Microfibrillar structure of type |

structures by light microscopy with Hematoxolin, Massons ylsuallzed as orange a_nd the numbe_req_ circle are the different regions of Figure 3: A) Aperio image snapshot of an airway and the lO.CaI thickness output gz||§?cegs|zos?:t;4(gggg)ee;c;g?sgggéhe National Academy of
- - - - interest analyzed within the sub-epithilium. B) Structure tensor vectors of a traced basement membrane B) Colour histogram showing the frequency of
Trichrome and an anitbody labeled with DAB. These sections . . . , _ , , | | R
overlaid on the forward scatter image C) Structure tensor equations used different colours observed C) Numerical conversion of the thickness D) Normal . Rezakhaniha, Rana, et al. "Experimental investigation of collagen

were then analyzed using a wavelength scan for the second
Harmonic signal of Collagen 1 structures compared to
autofluorescence. Our data demonstrate that only tissue
sections stained with hemotaxolyn enable a strong SHG signal
compared to autofluorescence.

: ! : .. waviness and orientation in the arterial adventitia using confocal
distribution of the results E) Averages and variations of basement membrane feser seamming Mierescome® Bomeshamies an modeﬁ’ngin

thickness in normal and asthmatic. By using this algorithm, basement membrane mechanobiology 11.3-4 (2012): 461-473.
average thickness and its variation was compared and it was seen that these
terms are bigger in asthmatic airways.

for analysis D) Comparison of sub-epithelial collagen fibers orientation
coherency in normal and asthmatic airways. By performing an unpaired t-
test on collagen fiber orientation coherency, we demonstrate that asthmatic
airways have significantly less organized collagen fibers compared to

ormal airways.

. Dougherty, R., and Karl-Heinz Kunzelmann. "Computing local
thickness of 3D structures with ImageJ." Microscopy and
Microanalysis 13.502 (2007): 1678-1679.
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