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Abstract

The presence of contaminating non-tumor tissues in formalin-fixed paraffin-embedded

(FFPE) tissues can greatly undermine genomic studies. Herein we describe

macrodissection, a method designed to augment the percentage tumor content of

a tissue specimen by removing and eliminating unwanted tissue prior to performing

downstream nucleic acid extractions. FFPE tissue blocks were sectioned to produce

4-5 µm slide-mounted tissue sections. A representative section was submitted for

hematoxylin and eosin (H&E) staining and subsequently reviewed by a board-

certified pathologist. During the review, the pathologist identified and marked the

regions of tumor tissue in the H&E. Once complete, the demarked H&E was

used to guide resection of the serial unstained sections from the same tissue

block. To demonstrate the effects of macrodissection, RNA extracted from matched

macrodissected and non-dissected Diffuse Large B-Cell Lymphomas (DLBCL) were

run on a digital gene expression assay capable of determining DLBCL subtype

and BCL2 translocation status. The results showed that macrodissection changed

the subtype or BCL2 translocation status calls in 60% of the samples examined.

In conclusion, macrodissection is a simple and effective method for performing

tumor enrichment prior to nucleic acid extractions, the product of which can then be

confidently used in downstream genomic studies.

Introduction

Formalin-fixed paraffin-embedded (FFPE) tissues, collected

as part of the normal clinical diagnostic process and

retained in clinical tissue repositories, represent a vast

resource for human research, including cancer research1 .

As our understanding of human disease deepens, it

is becoming increasingly clear that diseases, previously

thought to be single entities based on morphological and

immunophenotypical characteristics, are in fact comprised

of distinct molecular subtypes that require molecular

subtyping assays. Consequently, high sensitivity genomic

assays capable of discerning these subtypes have

become increasingly important2 . Although FFPE tissues
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are renowned for being poorly compatible with genomic

techniques due to fixation-related issues, as technology and

protocols evolve, these techniques are becoming increasingly

compatible with this clinically ubiquitous tissue format3,4 ,5 .

However, FFPE tissues are often admixtures of tumor and

non-tumor tissue materials, where the presence of non-tumor

material is frequently unwanted and can, if present at a high

proportion, significantly undermine and impact the results of

genomic analyses6 . Indeed, a minimum tumor content of

60% is frequently used for such analyses, where tissues

that fall short of this threshold can be excluded, despite

otherwise fulfilling the study criteria7 . This can be particularly

problematic in rare disease settings, where patient tissues are

precious and difficult to collect in high numbers.

Macrodissection is a method that minimizes the effects of

low tumor content by reducing the amount of normal tissue3 .

The removal of such confounding non-tumor material prior to

nucleic acid extraction can significantly augment the tumor

percentage content and thus the tumor purity of the extracted

nucleic acids. Tissue resection critically relies upon expert

pathological review, wherein the tumor region is identified and

circled on a freshly generated hematoxylin and eosin (H&E)

stained tissue section by a board-certified pathologist8 . The

circled H&E is then used to guide the removal and collection

of unwanted and target tissues, respectively. This protocol

describes the steps of macrodissection from pathological

review through tissue harvesting as performed at the AIDS

and Cancer Specimen Resource (ACSR) Technical Core

Laboratory at the Mayo Clinic.

Protocol

All samples were collected and used in compliance with

approved Mayo Clinic IRB protocols (PR16-000507 and

PR2207-02).

1. Sample preparation

1. Turn on the tissue floatation water bath. Set the

temperature to 39 °C and allow the water to come to

temperature. Soak wooden collection sticks in the water

bath.

2. Identify and retrieve the FFPE tissue blocks to be

sectioned.

3. Pre-label microscope slides using a histology grade

permanent marker that can withstand solvent washes.

4. Use a microtome to section the FFPE blocks. Cut at least

2 full-face sections at a thickness of 4-5 μm per section

for each block (Figure 1A).

5. Transfer the freshly cut ribbon of tissue sections to the

pre-warmed tissue floatation bath for slide mounting

(Figure 1B, C).
 

NOTE: The warm water helps to "iron" out the wrinkles

in the sections (Figure 1C).

6. Handling each section sequentially, use forceps to break

a single section away from the ribbon (Figure 1D).

7. Collect the single section on a pre-labeled microscope

slide.

1. Submerge the microscope slide at an angle

underneath the section, positioning the slide such

that the edge of the tissue section touches the slide

(Figure 1E).
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2. Once in contact with the tissue section, pull the slide

out of the floatation bath slowly to allow the tissue

section to straighten out flush against the slide as it

emerges from the water (Figure 1F).

8. Mount 1 tissue section per slide and repeat until all the

sections have been collected.

9. Allow the slide-mounted tissue sections to dry thoroughly

at room temperature (RT).

2. Pathological review

1. Perform H&E staining on one representative tissue

section for each block9 .

2. Submit the freshly stained H&Es for pathological review

by a board-certified pathologist.
 

NOTE: During the review, the pathologist determines

and records the percentage tumor content in each

tissue and circles the tumor area on each H&E slide

(see Figure 2 and Figure 3, Row 1). Table 1 outlines

the percentage tumor content by cellularity determined

during the pathological review of the H&Es for samples

A-E shown in Figure 3, Row 1. Sections with <60%

tumor content require macro-dissection7 . The number of

sections needed for nucleic acid extraction depends on

the size of the circled tumor area. If insufficient sections

were cut in section 1 of the protocol and further cuts are

possible, then additional sections may need to be cut.

3. Deparaffinization

1. In a fume hood, prefill two glass staining dishes with

undiluted histology grade d-Limonene or a d-Limonene

based solvent and 1 glass staining dish with undiluted

200-proof molecular grade ethanol.
 

CAUTION: Avoid d-Limonene contact with skin and eyes,

avoid inhalation of vapor or mist, and keep away from

sources of ignition. Keep ethanol away from heat, sparks,

and open flames, avoid spilling and contact with the skin

or eyes, ventilate well and avoid breathing vapors.
 

NOTE: Fill the dishes sufficiently to submerge the racked

slides (Figure 4A); 250 mL is required to fill the 20-

slide staining dishes shown. Replace the d-Limonene

and ethanol washes after every 40 slides. D-Limonene

(C10H16) is an alternative, similarly effective, and less

toxic dewaxing agent to xylene that is becoming more

commonplace in histological methodologies and yields

good quality nucleic acid post extraction10,11 ,12 ,13 ,14 .

Although this protocol may be performed using more

biofriendly alternatives15 , their effects, if any, on

extracted nucleic acid quality remains to be determined.

2. Rack the unstained FFPE tissue mounted slides into the

glass Coplin slide-racks (Figure 4A, inset).

3. Submerge the racked slides in d-Limonene wash 1 for 2

min; gently agitate for the first 20 s.
 

NOTE: To minimize carryover between washes, when

removing the rack of slides from a wash, allow the rack to

drain briefly before gently dabbing the bottom of the rack

on tissue paper to remove excess wash.

4. Submerge the racked slides in undiluted D-Limonene

wash 2 for 2 min; gently agitate for the first 20 s. Remove,

drain and dab the rack again.

5. Submerge the racked slides in the ethanol wash for 2

min; gently agitate for the first 20 s. Remove the rack and

place it on an absorbent tissue to drain. Allow the slides

to air dry for at least 10 min, but no more than 2 h.
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3. Macrodissection

1. On the bench, prefill a Coplin glass jar with 50 mL of 3%

glycerol in DNase/RNase free water
 

NOTE: Replace the glycerol wash after every 40 slides.

2. Pre-label and prefill 1.5 mL microtubes with 160 µL of

tissue digestion buffer per microtube.
 

NOTE: Nucleic acid extractions performed after

macrodissection used a DNA/RNA FFPE extraction kit

(Table of Materials). Thus, the tissue digestion buffer

used in this protocol comprised 10 µL of Proteinase K

and 150 µL of PKD buffer.

3. Trace the pathological markings on the H&E onto the

back of the deparaffinized tissue slides.
 

NOTE: Compared to non-deparaffinized tissues (Figure

3, Row 2 and Figure 4B), deparaffinized tissues

are white and highly visible (Figure 3, Row 3,

and Figure 4C). It is this heightened visibility and

discernability of deparaffinized tissue features that permit

macrodissection. Place the H&E face down on the

bench and place the front of the deparaffinized slide

against the back of the matched pathologist reviewed

H&E (Figure 4D). Align the deparaffinized tissue with

the H&E tissue (Figure 4E). Tracing the pathologist's

markings is a critical step in the macrodissection process,

and care should be taken to reproduce these markings

as accurately as possible. This can be particularly

challenging for small and or disconnected tissues such

as samples B, D, and E (Figure 3, Figure 4E, and Figure

4E inset i). To aid tracing, one should use an inky fine

or ultrafine nibbed marker (Figure 4E, inset ii) to trace

the pathologist-drawn markings. Ethanol wipes may be

useful to remove errors and permit retracing if needed.

4. Turn the now marked deparaffinized slide tissue face-up

and trace the line of the marker with the corner of a clean

razor blade to pre-cut the edges of the tumor area.

5. Handling each slide sequentially, dip the deparaffinized

slides into the 3% glycerol solution. Ensure the tissue is

completely submerged before removing the slide slowly

(Figure 4F).
 

NOTE: The purpose of the glycerol dip is to dampen the

tissue to aid tissue collection but also to reduce the build-

up of static charge that can cause repulsion between the

tissue and the plastic microtube in which the collected

tissue must be placed.

6. Gently wipe the back of the slide with a tissue to remove

the excess glycerol solution, and lay the slide on the

bench, wiped side face down. Allow tissues to briefly

airdry for 1-2 min.
 

NOTE: Carry over of excess glycerol into the extraction

process can negatively affect the yield and quality of

nucleic acid extractions. Tissues should be slightly damp

but not visibly wet when collected.

7. Depending on where the tumor area of interest is situated

on the slide, use the flat edge of the razor blade to

either (a) directly collect the tumor tissue, using the razor

to scrape/collect the tissue of interest off the slide, or

(b) remove and discard non-tumor tissue first before

collecting the tumor tissue of interest (Figure 3).
 

NOTE: Collected tissue tends to gather or roll up at the

bottom of the blade (Figure 4G)

8. Use a wooden stick to remove the collected tissue from

the blade (Figure 4H and inset) and transfer it to the

appropriate pre-labeled and prefilled microtube (Figure

4I).
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NOTE: The digestion buffer serves to "pull" the tissue

from the wooden pick into the liquid.

9. Proceed to nucleic acid extraction.
 

NOTE: Nucleic acid extractions were completed using

the DNA/RNA FFPE extraction kit per the manufacturer's

instructions, and the resulting nucleic acids were

quantified using a UV-vis spectrophotometer. The

resulting RNA was run on the digital gene expression

profiling-based DLBCL90 assay16 .

Representative Results

A total of 5 Diffuse Large B-Cell Lymphoma (DLBCL) FFPE

tissue blocks were sectioned, and the resulting sections were

either macrodissected or not prior to nucleic acid extraction.

The extracted RNA was run on the DLBCL90 assay16 .

Macrodissected samples were run twice, once using 5 µL

of RNA stock concentration but no more than 300 ng of

total RNA input and once using 5 µL of RNA stock diluted

to match the RNA inputs of their respective non-dissected

counterparts. The DLBCL90 results are outlined in Table 2.

DLBCL is comprised of 3 distinct cell of origin (COO)

subtypes with different therapeutic responsiveness, namely

GCB, ABC, and an intermediate group known as unclassified

or UNC17,18 . Translocations involving MYC, BCL2, and

or BCL6 alone or in combination (double or triple hit)

are also frequently observed in DLBCL, particularly in the

GCB subtype19 . The DLBCL90 assay is an expansion

of its predecessor, the Lymph2Cx clinical assay, and is

thus capable of DLBCL COO subtype determination but

was principally developed to identify samples harboring

double hit (DH) translocations involving BCL2 using digital

gene expression as an alternative to fluorescence in-situ

hybridization (FISH)16,20 . The results in Table 2 show that

macrodissection changed either the COO or the DHITsig

status calls for 60% (3/5) of the samples examined.

Macrodissection of sample A had no effect on the COO call

but changed the DHITsig call from NEG to UNCLASS, and

this change was observed irrespective of the macrodissected

sample RNA input and with similar probability scores (0.224,

0.254). In contrast, macrodissection of sample C had no effect

on the DHITsig call but changed the COO call from GCB

to UNC. Again, this change was observed irrespective of

macrodissected sample RNA input. However, at 0.117, the

COO call probability was closer to the call threshold of 0.1 for

the macrodissected sample with reduced RNA input. Similar

to sample A, macrodissection of sample E had no effect on

the COO call but changed the DHITsig call. However, for

sample E the call changed from UNCLASS to NEG and did

so irrespective of the macrodissected sample RNA input with

reasonably similar probability calls (0.849, 0.833). Notably,

this call change to DHITsig NEG makes biological sense

given that sample E was found to ABC-DLBCL, and double

hit translocations involving BCL2 have been reported to be

exclusively observed in GCB-DLBCL19 .
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Figure 1: Generating slide-mounted tissue sections using a microtome. (A) FFPE tissue block held in place by the

microtome chuck and cut to produce a ribbon of sequential FFPE tissue sections. (B) Using pre-soaked wooden sticks, the

ribbon is collected from the microtome and transferred to a warm water bath. (C) The warmth of the water helps to iron out

the creases in the tissue ribbon. (D) Individual FFPE tissue sections are removed from the tissue ribbon by placing closed

forceps at the junction of two sections and gently opening the forceps, which breaks sections away from one another. (E)

Sections are collected from the water by submerging a glass slide at an angle and gently moving the side towards the tissue

section until the edge of the section touches the glass slide. (F) Once the slide and section are touching, slowly remove the

slide from the water, allowing the tissue section to fall flush against the slide. Please click here to view a larger version of this

figure.
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Figure 2: Pathology and histological review of a hematoxylin and eosin (H&E) stained sections. (A,B) The H&E tissue

section is subjected to microscopic review by a board-certified pathologist. (C,D) Once the pathologist has viewed the entire

tissue and found that it is not 100% tumor tissue, the pathologist will use a marker to encircle the tumor area of the tissue.

(E,F) Holding the marked H&E against the original FFPE tissue block shows that not all the tissue is tumor material. Please

click here to view a larger version of this figure.
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Figure 3: Tissue samples. This image demonstrates the pathologically reviewed and tumor marked H&Es (Row 1),

unprocessed slide-mounted FFPE tissue sections (Row 2), deparaffinized slide-mounted FFPE tissue sections (Row

3), deparaffinized slide-mounted FFPE tissue sections with pathology markings traced on the back of the slide (Row

4), deparaffinized and macrodissected slide-mounted FFPE tissue sections (Row 5) for the 5 samples (A-E) used to

demonstrate this protocol. Please click here to view a larger version of this figure.
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Figure 4: Deparaffinization and macro-dissection of FFPE tissue sections: (A) In a fume hood, FFPE tissues mounted

in a slide rack are washed in two d-limonene washes and one ethanol wash. (B,C) Post wash, all the paraffin has been

removed, and only the tissue remains on the slide, which is now white and highly visible compared to its prewashed

counterpart. (D) The deparaffinized slide-mounted tissue section is placed face down on the back of its matching marked

H&E. (E) The tumor area markings on the H&E are then traced on the back of the deparaffinized slide using a fine or ultrafine

nibbed permanent marker (F) The marked deparaffinized slide-mounted tissue section is then dipped in a glycerol wash

to dampen the tissue section for collection. The slide is removed slowly from the glycerol, and the back of the slide wiped

with a tissue to remove excess glycerol before laying the slide tissue face-up on the bench. (G) Using the flat side of a

clean razor blade, the tissue is macrodissected, and the unwanted tissue outside of the pathologist markings is discarded

before collecting the tissue of interest, which gathers along the edge of the blade. (H) A wooden stick is used to remove

the collected tissue from the edge of the blade. (I) The tissue is then transferred to a pre-labeled microtube prefilled tissue

digestion buffer and is ready for nucleic acid extraction. Please click here to view a larger version of this figure.
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Whole Tissue (a) Circled area of tissue (b) Not macrodissected (e) Macrodissected (f)Sample ID

% Viable

tumor

% Other % Viable

tumor

% Other

Overall tumor

content

of whole

tissue (c)

Fold increase

in tumor

content by

macrodissection

(d)

# of 5 µm

slides

extracted

RNA conc

(ng/µL)

# of 5 µm

slides

extracted

RNA conc
 

(ng/µL)

Sample A 60 40 75 25 45 1.7 2 19.0 4 58.3

Sample B 60 40 65 35 39 1.7 1 34.0 2 60.0

Sample C 40 60 65 35 26 2.5 1 13.7 2 46.2

Sample D 35 65 90 10 32 2.9 1 57.3 2 60.0

Sample E 20 80 30 70 6 5.0 3 25.2 3 44.6

Table 1: Pathology review data. The table shows (a) the percentage of viable tumor in the whole tissue section by area,

(b) the percentage of viable tumor in the area circled/marked by the pathologist during the review by cellularity, (c) the

estimated overall tumor cellularity of the whole tissue (a x b), (d) the estimated fold increase in tumor cellularity achieved with

macrodissection, (e and f) the number of 5 µm unstained FFPE slide-mounted tissue sections extracted and the resulting

RNA concentrations for matched non-macrodissected and macrodissected samples. % Other refers to all other tissues

present in a given sample that is not tumor tissue and can include connective tissue, stromal fibroblasts, blood vessels as

well as other inherent stromal elements. Please click here to download this Table.
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Sample ID RNA input (ng) DLBCL90

COO call

DLBCL90 call

  probability

DHITsig call DHITsig pos

probability

DHITsig neg

probability

Sample A 95.0 GCB 0.000 NEG 0.135 0.865

Sample B 170.0 GCB 0.000 NEG 0.032 0.968

Sample C 68.5 GCB 0.028 NEG 0.033 0.967

Sample D 286.5 ABC 0.998 NEG 0.002 0.998

Not

macrodissected

Sample E 126.0 ABC 0.989 UNCLASS 0.212 0.788

Sample A_M 291.7 GCB 0.000 UNCLASS 0.224 0.776

Sample B_M 300.0 GCB 0.000 NEG 0.016 0.984

Sample C_M 231.2 UNCLASS 0.210 NEG 0.015 0.985

Sample D_M 300.0 ABC 0.999 NEG 0.002 0.998

Macrodissected

Sample E_M 223.2 ABC 0.987 NEG 0.151 0.849

Sample A_M 95.0 GCB 0.000 UNCLASS 0.254 0.746

Sample B_M 170.0 GCB 0.000 NEG 0.023 0.977

Sample C_M 68.5 UNCLASS 0.117 NEG 0.027 0.973

Sample D_M 286.5 ABC 0.999 NEG 0.002 0.998

Macrodissected

& RNA diluted

Sample E_M 126.0 ABC 0.995 NEG 0.167 0.833

Table 2: DLBCL90 digital gene expression assay results. Five samples (A-E) were either not macrodissected or

macrodissected before nucleic acid extractions were performed. The resulting RNA was run on the DLBCL90 assay, for

which the maximum RNA input volume is 5 µL. Non-macrodissected samples were run using 5 µL of stock RNA. Each

macrodissected sample was run twice using (a) 5 µL of stock RNA unless aliquots of 60 ng/µL were possible and (b) 5 µL of

stock RNA diluted to match the concentrations/input of their non-macrodissected counterparts. The suffix _M denotes that

that sample was macrodissected. Please click here to download this Table.

Discussion

FFPE tissues are frequently heterogeneous admixtures of

tumor and non-tumor tissues. High sensitivity genomic tests

are becoming increasingly prevalent in both clinical and

research settings but can be confounded by the presence of

contaminating non-tumor tissue. Indeed, a minimum tumor

content of 60% is frequently recommended for genomic

studies. Percentage tumor can be determined by the area of

tissue occupied by the tumor material or by the proportion

of tumor cells within the tissue. Although tumor by area is a

commonly used metric for tumor purity, it does not always

portray an accurate description of the tissue. Consider two

https://www.jove.com
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tissues, both with 1000 cells, of which 500 are tumor cells. In

tissue A, the 500 non-tumor cells are stromal cells with similar

volumes to that of the tumor cell. In this tissue, the percentage

of tumor can be considered 50% by both cellularity and area.

In tissue B, the 500 non-tumor cells are fat cells with volumes

that are 4x that of the tumor cell. In this tissue, the percentage

tumor is still 50% by cellularity but 20% by area. A third tissue,

tissue C, is composed of 500 tumor cells plus 400 fat cells

and 800 stromal cells with volumes that are 4x and 0.5x that

of the tumor cells, respectively. Given 100 fat cells equals the

volume of 800 stromal cells, the percentage tumor of tissue C

is 29% by cellularity (500/1700) but still 20% by area. Tissue

D is also comprised of the tumor, fat, and stromal cells with

volume ratios of 1x, 4x, and 0.1x. However, the number of

cells is 400, 10, and 720, respectively. Thus, the percentage

tumor of tissue D is 35% by cellularity (400/1130) but 78%

by area. These examples are overly simplistic and do not

reflect real-world tissue compositions but clearly convey the

importance of tissue composition and the difference between

tumor content by area and by cellularity. Importantly, when it

comes to enriching tumor content for downstream nucleic acid

extraction, tumor cellularity is the more important attribute due

to the heightened confounding potential of extracting genomic

material from more non-tumor cells than tumor cells. This not

only underscores the need to assess the tumor content of

tissues in terms of percentage cellularity but also the need

to excise unwanted tissue in order to minimize any potential

negative effects of the non-tumor tissue. There are several

methods available for tissue enrichment, with the main ones

being macrodissection and microdissection.

Macrodissection, the method described in this protocol, is

relatively quick, simple, and does not require costly or

specialized equipment. Although macrodissection can greatly

improve tumor content, it is important to understand that

it does not completely eliminate non-tumor material. The

purpose of macrodissection is to enrich the tissue of interest

sufficiently through the exclusion of unwanted tissue in order

to reduce the "noise" stemming from unwanted tissue, which

in turn can enhance the signal of interest from the tissue of

interest. Thus, macrodissection mediated tumor enrichment

is a way to enhance the signal-to-noise ratio in order to

better detect markers of interest, particularly tumor-specific

molecular markers with low abundance or poor expression.

However, macrodissection has limitations due to the lack of

precision offered by coarse tools such as razor blades and

is susceptible to precision issues stemming from the line

thickness of the pathologist's marker, as well as potential

errors when tracing the pathologists H&E demarcations.

As alluded above, it is not possible to achieve 100%

tumor purity due to the presence of inherent and tumor-

inducing stromal elements (i.e., connective tissue, stromal

fibroblasts, blood vessels, benign reactive lymphocytes,

macrophages) embedded within the tumor itself. Indeed,

many invasive or diffusely infiltrative malignancies induce a

robust desmoplastic stromal response, resulting in clusters

of tumor cells that are intimately admixed with stromal

fibroblasts and other non-neoplastic cell types; where tumors

associated with this stromal reaction pattern, such as

pancreatic cancer tissues21 , may benefit more from digitally

guided microdissection rather than manual macrodissection.

Manual microdissection is performed under a microscope to

aid identification, dissection, and isolation of tissues specific

cells or populations using a needle or scalpel and has the

advantage of increased precision over macrodissection22 .

However, manual microdissection is a laborious process

that lacks the finesse needed for complex tissues with low

tumor contents or intricate features that are incompatible

with manual dissection. Such tissues can be dissected

https://www.jove.com
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using high-precision automated methods like laser capture

microdissection. Indeed, digitally guided microdissection has

been shown to yield higher percentage tumor contents

compared to manual macrodissection in pancreatic cancer

tissues23 . However, the drawbacks of these high precision

automated methods, such as the need for specialized,

expensive equipment and highly trained individuals, have

hindered its incorporation into workflows. A study by de Bruin

et al. comparing the effects of macrodissection and laser

capture microdissection (LCM) on gene expression profiling

found that LCM samples had low total RNA yields (30 ng

average) and required two rounds of mRNA amplification in

order to meet the cDNA library prep input threshold24 . The

authors found that the resulting LCM gene expression profiles

were affected by the rounds of mRNA amplification more than

macrodissected profiles were affected by non-tumor stromal

contributions and concluded that macrodissection could be

adequately used to generate reliable gene expression data24 .

A significant advantage of NanoString digital gene expression

profiling, particularly when working with highly degraded

FFPE derived RNA, is that it does not require enzymatic

dependent processes such as RNA amplification or

preparation of cDNA libraries. However, assays are typically

optimized for inputs between 50-300 ng of total RNA25,26 ,

which, based on the findings of de Bruin et al.24 , may not

be compatible with microdissected tissues without increasing

the tissue input; an unfavorable demand in an era where

tissue samples are increasingly collected as small biopsies

rather than surgical resections. The RNA inputs used for

the DLBCL90 assay ranged from 68.5-300 ng for both

the macrodissected and non-dissected tissues. The results

show that macrodissection resulted in call changes in 60%

of the samples examined and that these changes were

observed irrespective of RNA input of the macrodissected

samples. However, the COO probability for the low RNA

input did encroach the COO GCB/UNC probability call

threshold, where the thresholds are 0 to <0.1 for GCB,

0.1-0.9 for UNC, and >0.9 to 1.0 for ABC calls20 . The

principal DLBCL COO subtypes are GCB and ABC, which

make up 41% and 44% of all DLBCL cases, with UNC

representing an intermediate group of the two and ABC

being the most aggressive20,27 . Thus, while the COO call

change upon macrodissection of sample C did not cause

a frank change in COO subtype from GCB to ABC, the

change from GCB to UNC may suggest a shift towards a

more aggressive disease. Moreover, recent studies indicate

that the UNC subtype is not simply just an intermediate

subtype and that it may potentially possess subtype-

specific therapeutically exploitable attributes28 . Similarly,

macrodissection of samples A and E did not cause frank

changes in DHITsig calls from DH negative to DH positive,

or vice versa. However, the movements of a GCB sample

(sample A) from NEG to UNCLASS and an ABC sample

(sample E) from UNCLASS to NEG upon macrodissection are

biologically appropriate as double hit translocations involving

BCL2 are reported to be an exclusively GCB phenomenon19 .

Although translocations are traditionally and ubiquitously

detected by FISH in clinical settings, there is a growing

momentum to identify an alternative less involved and time-

consuming method for their detection. The DLBCL90 assay

is an important tool that addresses this need, where the

rationale for its use is strengthened by the finding that this

assay is capable of detecting translocations cryptic to FISH

probes used in clinical diagnostics29 .

The macrodissection protocol described above outlines a

simple method that enables researchers to increase the tumor

content of tissue samples that would ordinarily fall below

commonly used study inclusion criteria thresholds. Including
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macrodissection in a study workflow enables researchers to

salvage poorly tumor-dense tissues from study exclusion by

increasing their tumor content. In turn, this permits increased

confidence that the resulting RNA and DNA eluates represent

the tumor under genomic investigation. Although other more

precise methods for tissue dissection do exist, for tumors

that grow in a more expansive, non-infiltrative, sheet-like, or

solid fashion, macrodissection is likely sufficient. The results

presented here highlight the importance of tumor purity in

genomic assays and macrodissection as a reliable tool to

achieve this.
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