Standard Operating Procedure for collection, evaluation and histological grading of lungs for research
studies

I. Recommended Materials
Il. Procedure

a. Gross evaluation
. Post-fixation dissection

. Recommended Materials

Dissecting board with cork or rubber surface

Spray bottle loaded with 70% Ethanol

Pins (to tack down carcass, user preference)

Forceps

Scalpel blade or other sharp blade

2 scissors (one for removing the rib cage, the second dedicated for soft tissue dissection)
3cc syringe with 21g needle

10% neutral buffered formalin (at least 25mL to maintain recommended 15-20:1 volume:tissue ratio)
Permanent marker for labeling

Metric scale

Il. Procedure

In most instances, it is understood that the necropsy procedure and collection of lung tissue will be only
a portion of a detailed postmortem examination involving observation and collection of all major organ
systems. For the purposes of this standard operating procedure, details will be restricted to collection
and examination of lung tissue only.

Prior to beginning necropsy, obtain body weight of murine subject. Label tube or other sealed vessel
that contains 10% neutral buffered formalin with all identification parameters available (minimum data
base would include mouse identification number, mouse strain, weight, research study and date)

1. Secure mouse to dissecting board using tacks or pins. The mouse is positioned in dorsal recumbency
with full extension of pelvic and pectoral limbs

2. Soak/wet the carcass with 70% ethanol using spray bottle

3. Using forceps, grasp the skin over the sternum and make an initial incision at the ventral midline.
Continue the incision cranially/caudally along the ventral midline to extend from the chin to the pubis.
4. From the ventral midline incision, gently reflect the skin bilaterally from the ventral thorax and
abdomen completing exposing the subcutis of the ventral and lateral thorax and abdomen.

5. Make a ventral midline incision into the abdomen to expose the peritoneal cavity and to expose the
xiphoid process

6. Grasp the xiphoid process with forceps and use scissors (the scissors dedicated to removing the rib
cage) to cut the ribs on each side of the sternum at about the mid-level of the body of the ribs. Retract
the xiphoid cranially as the ribs are cut, extending the cuts on both sides to the thoracic inlet.
Subsequently, the rib cage will be removed and the entire thoracic cavity exposed.

7. Remove the tongue by cutting the mandibular symphysis with scissors and retracting the tongue
caudally with forceps.



8. While grasping the tongue with forceps and retracting caudally, cut all dorsal attachments with
scissors removing the tongue, esophagus, trachea, heart and lungs en bloc. The esophagus is the dorsal
landmark through the cervical region. The aorta is the dorsal landmark in the thoracic cavity (ie. the
aorta is removed with the heart/lungs.
9. Perform gross examination of pulmonary tissue and record findings.
10. Using 3-5cc syringe and 25 or 27g needle, gently thread needle into trachea, clasp outside of trachea
with forceps to hold needle in place, and gently inflate lungs with formalin until they are fully expanded
to normal level as expected to fill the chest cavity (Take care not to over- or under-inflate the lung).
11. Drop en bloc organ mass, including the lungs in formalin
12. Special considerations
a. Organ weights-lung weights can be obtained at any time before formalin infusions. The lung
mass can be removed from the en bloc sample by transection of the distal trachea just cranial to
the tracheal bifurcation.
b. Inflation of lungs with formalin is critical prequel to histological assessment. Under- or non-
inflated lungs impair evaluation of alveolar septa
c. Depending upon the study, evaluation of the alveolar septa may be critical such that inflation
of lungs must be accurately consistent and/or alveolar septal capillaries are required to be
cleared of remaining blood
i. To clear lungs of blood, insert needle into the right ventricle of the heart and gently
instill formalin. The lungs will slightly inflate and transition from red/pink to completely
white when completed.
ii. More consistent infusion of lungs can be obtained by slightly more complicated
methods that typically require more time, equipment and expertise. These are outlined
in reference 3. It should be noted that “eyeball” infusion of lungs with formalin through
the trachea is acceptable and generally considered the best procedure.
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lll. Post-fixation dissection.

Post fixation dissection or preparation of tissues for heat processing, paraffin embedded tissue
sectioning is arguably one of the most important steps of the lung evaluation procedure. Standardized
trimming of tissues is needed in research studies to maintain consistency in organ sampling across
individual mice (1). Notes and observations made during the gross examination should always be
available and referenced during post-fixation dissection.

In most instances, the size of the entire murine lung mass is amenable to histological evaluation in toto.
Exceptions would include either very large lesions that may not fit with the remainder of the lung or
very small lesions that may otherwise be missed during sectioning. Histological evaluation should



include: 1) any grossly observed lesions and 2) in toto lung mass and 3) distal trachea with peri-
tracheal/mediastinal connective tissue containing lymph nodes.

Method
1. Lungs lobes (5) can be placed in toto in tissue cassette, ventral side down
a) left lung lobe
b) right cranial lung lobe
c) right middle lung lobe
d)right caudal lung lobe
e) accessory lung lobe

2. Histological sectioning would proceed longitudinally and horizontally

3. Judgement call is made as to whether grossly observed lesions would be missed from in toto
sectioning. If so, particular lesion is isolated (based upon gross observations), sectioned and placed in
cassette. However, remaining lung tissue is placed in cassette and oriented (ventral side down) in toto.
4. Distal trachea and peri-tracheal connective tissue is placed in same (if room) or different cassette (if
no room).

From:
http://reni.item.fraunhofer.de/reni/tr
imming/index.php

Considerations

In toto lung sectioning provides complete look across hilar and peripheral lung regions for any possible
lesions. In most cases, grossly observed lesions will be present following sectioning of in toto lungs.
Exceptions might include tiny/small, peripherally placed lesions that might be removed during block
face-in. For this reason, some lesions (whether big or small) may need to be isolated and embedded
individually. It is critically important to include lymph nodes for histological evaluation. These are
especially important for determining extension of neoplastic disease (metastasis) as a criterion for
malignancy during evaluation of lung tumors.
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IV. Histological Evaluation

A. Scoring inflammatory lesions

According to a review by Klopfleisch, there are 14 original semiquantitative, multiparametric scoring
systems identified for pulmonary diseases. Most addressed pulmonary fibrosis and inflammation. Most
scoring systems for lung inflammation address either acute inflammation or inflammation secondary to
models of infectious disease (Pneumocystis, Mycoplasma, Streptococcus, etc.) and these may not (and
probably are not) applicable to inflammation expected in aging mice.

1. A subjective scoring system originally adapted for acute lung injury (ALl) and proposed by the
American Thoracic Society includes assessment of features of inflammation in both air spaces and
interstitium, but does not necessarily identify anatomic location. A modification of this grading system
could be useful if inflammatory cells were broadened to include particularly lymphocytes and
macrophages, which are more likely to be found in chronic inflammation in aging mice. Still, retention of
some of the acute factors of this grading scale (neutrophils, hyaline membranes, etc). would allow
identification of this type of injury if present.

TABLE 1. LUNG INJURY SCORING SYSTEM

Score per field

Parameter 0 1 2
A. Neutrophils in the alveolar space none 1-5 =5
B. Neutrophils in the interstitial space none 1-5 =5
C. Hyaline membranes none 1 =1
D. Proteinaceous debris filling the airspaces none 1 =1
E. Alveolar septal thickening < 2X 2x-4x =4x

Score = [(20 X A) + (14 X B) + (7 X C) + (7 X D) + (2 X E)])/(number of
fields > 100)

(Table 1 from Reference 7)

2. Inflammation can be separated based upon the two major, classical pattern recognition of pulmonary
injury, either airway or interstitial disease. Bronchointerstitial pneumonias, if present, would be grouped
with airway disease based upon pathogenesis indicating airway entry of disease. Once separated, the
airway or interstitial inflammation would be graded as normal to mild, moderate, severe (0-4 on
numerical scale) or graded according to pre-existing scoring models (8,9 for example). Some of these
scoring models could also take into account other changes that accompany inflammation, such as airway
hyperplasia, that may also be important to correlate with proliferative or neoplastic disease.



3. Similar to as proposed for scoring of fibrosis below, inflammation could simply be scored based upon
the percent or area of total lung area occupied by inflammation. Although the type or character of the
inflammation could be noted, this system simply records percent lung involvement as it may relate to
functional parameters.

4. An optimal method for quantitative assessment of lung inflammation would be to follow the protocol
as outlined by Apfeldorfer et al. (10). Although this grading procedure is technologically more
complicated, it provides a more quantitative assessment. It requires that addition of immunofluorescent
markers to quantitate inflammatory cells and products, digital slide scanner/acquisition technology and
analysis (morphometric type) software.
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B. Scoring fibrotic lesions

There are several histological scoring methods for pulmonary fibrosis; most either use or are derived
from a numerical scale method introduced by Ashcroft et al. (11) While useful, the Ashcroft scale has
some drawbacks, which are outlined in (12). Hubner et al. improved the Ashcroft scale by modifications
resulting in high intra-observer agreement and a higher correlation of the histological score with CT
scans indicating the modified scale is reliable and reproducible.

Scoring fibrotic lesions can proceed in one of two formats



1. Fibrotic lesions are scored by method of Hubner et al as outlined in Table below (from Hubner,
Reference 12). All histological specimens for scoring are stained with Masson’s Trichrome to highlight
connective tissue deposition.

Table 2. Characterization of the Modified Scale

Grade of Sample Modified
Fibrosis Photograph Scale

Alveolar septa: No fibrotic burden at the most flimsy small
0 Figure 1A fibers in some alveolar walls
Lung structure: Normal lung

Alveolar septa: Isolated gentle fibrotic changes (septum
<3x thicker than normal)

Lung structure: Alveoli partly enlarged and rarefied, but
no fibrotic masses present

1 Figure 1B

Alveolar septa: Clearly fibrotic changes (septum >3x

thicker than normal) with knot-like formation but not con-
2 Figure 1C nected to each other

Lung structure: Alveoli partly enlarged and rarefied, but

no fibrotic masses

Alveolar septa: Contiguous fibrotic walls (septum >3x thick-
er than normal) predominantly in whole microscopic field
Lung structure: Alveoli partly enlarged and rarefied, but
no fibrotic masses

3 Figure 1D

Alveolar septa: Variable
4 Figure 1E Lung structure: Single fibrotic masses (<10% of micro-
scopic field)

Alveolar septa: Variable

Lung structure: Confluent fibrotic masses (>10% and
<50% of microscopic field). Lung structure severely dam-
aged but still preserved

5 Figure 1F

Alveolar septa: Variable, mostly not existent
6 Figure 1G Lung structure: Large contiguous fibrotic masses (>50% of
microscopic field). Lung architecture mostly not preserved

Alveolar septa: Non-existent
7 Figure 1H Lung structure: Alveoli nearly obliterated with fibrous
masses but still up to five air bubbles

8 Figure 1l Alveolar septa: Non-existent
Lung structure: Microscopic field with complete oblitera-
tion with fibrotic masses

2. Quantitative assessment of fibrotic lesions

Utilizing the method outline by Hubner et al is simple and supposedly reliable and reproducible.

Utilizing the Masson’s Trichrome and digital capture technology, it is possible to assign the color of
fibrosis (blue) in the Trichrome and convert to binary image. This results in image where everything blue
is black and everything not blue is colorless. From this, using software (such as NIH Image J), the pixels
that are black (or blue on the Trichrome) can be quantitated and reported as a percent of the section.
The end result would be a % increase or decrease in deposition or % of total area occupied by collagen
in the sample that could be compared between animals or against control (younger animals).



For example, | recently quantitated glycogen* in the right and left auricular appendage of goats and
dogs using a PAS stain (with and without diastase digestion). Glycogen in the PAS stains is red/purple
and is converted to black in the binary image. The amount of glycogen in the image compared to total
area is automatically calculated by the software resulting in a fairly objective value.
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within cardiac myocytes image.

*Embi AA, Scherlag BJ, Ritchey JW. Glycogen and the propensity for atrial fibrillation: intrinsic anatomic
differences in glycogen in the left and right atria in the goat heart. N Am J Med Sci 6:510-515, 2014.

In summary, this or a similar method could easily be employed to measure and score fibrotic lesions in
murine pulmonary tissues.
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C. Classification of proliferative and neoplastic lesions

Classification of hyperplastic and neoplastic lesions will follow metrics as previously published by Nikitin
et al. Classification metric tabulated below (Table 3 taken from Reference 13)

Table 3 Classification of the proliferative pulmonary lesions of the mousea
1. Epithelial

1.1. Hyperplasia

1. Epithelial

1.1. Airways

1.2. Alveoli

2. Neuroendocrine

e e

1.
1.
1.
1.



. Tumors
. Benign
1. Papilloma
.2. Adenoma
.2.1. Solid
.2.2. Papillary
2

1

1

1

1

1

1.2.3. Mixed subtypes

2. Preinvasive lesions

2.1. Squamous dysplasia

2.2. Atypical adenomatous hyperplasia

2.3. Diffuse pulmonary neuroendocrine cell hyperplasia
.3. Malignant

3.1. Squamous cell carcinoma

3.2. Adenocarcinoma

3.2.1. Papillary
3.2.2. Acinar

3.2.3. Solid

3.2.4. Mixed subtypes

3.2.5. NOS

3.3. Adenosquamous carcinoma
3.4
3

. Neuroendocrine carcinoma

.3.5. Carcinoma, other

Soft tissue

Mesothelial

Miscellaneous

Lymphoproliferative

Secondary

Unclassified

. Tumor-like lesions

aModifiers should be used when sufficient information is available on the location and
cell origin of the lesions, including Clara cell, type Il pneumocyte, and so forth
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