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PAXgene-fixed paraffin-embedded sample is applicable to laser 
capture microdissection with well-balanced RNA quality and tissue 
morphology
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Abstract : Assessing how gene expression analysis by RNA sequencing (RNA-Seq) correlates to a unique morphology is increasingly 
necessary, and laser capture microdissection (LCM) is a critical research tool for discovering the genes responsible in a region of inter-
est (ROI). Because RNA-Seq requires high-quality RNA, a sample preparation procedure that can preserve morphology and give the 
required quality of RNA is essential. A PAXgene®-fixed paraffin-embedded (XFPE) block can satisfy the need for high-quality RNA, 
but there are few reports on adapting the method for LCM, such as how small an ROI is analyzable by RNA-Seq. In this study, we 
confirmed the morphology and preservation of RNA in XFPE and then assessed the relationship between the size of pieces cut by LCM 
and their RNA quality. In XFPE, the morphology was similar to that in alcohol-based fixed samples, the quality of the RNA extracted 
from a whole sample was excellent, that is equivalent to that of a fresh frozen sample, and the quality was maintained over one year 
later. Three sizes of pieces—large (25,000 µm2), medium (5,000 µm2), and small (1,000 µm2)—were cut by LCM so that the total areas 
of the sections cut per size were the same. RNA quality was found to be best preserved when tissue was cut into pieces of over 5,000 
µm2. In summary, XFPE exhibits good morphology and excellent preservation of RNA quality. Furthermore, it can be a good tool when 
used with LCM and RNA-Seq, giving well-balanced RNA quality and tissue morphology in the ROI. (DOI: 10.1293/tox.2017-0049; J 
Toxicol Pathol 2018; 31: 213–220)
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Recently, next-generation sequencing (NGS) technol-
ogy is revolutionizing large-scale gene analysis and is sup-
planting microarrays as the technology of choice for quan-
tifying and annotating transcriptomes1–3. Compared with 
microarrays, RNA-Sequencing (RNA-Seq) is better able 
to discover novel transcripts, identify alternatively spliced 
genes, detect allele-specific expression and poorly expressed 
genes, and provide good reproducibility of results between 
laboratories and across platforms4, 5. However, to ensure a 
successful RNA-Seq experiment, the quality of RNA must 
be sufficient to produce a library for sequencing and to allow 
appropriate biological conclusions to be made4.

At the same time, correlating a unique morphology 
with information on gene expression has come to be recog-
nized as a way to decipher the details of disease biology in 
both clinical and preclinical studies6–10. Because laser cap-
ture microdissection (LCM) can isolate homogeneous cell 
subpopulations from complex tissues, genes responsible for 
disease onset and progression can be discovered more eas-
ily by evaluating gene expression in LCM samples than in 
whole homogenized samples. The majority of microdissec-
tion-based mRNA expression studies have been performed 
on frozen samples, in which traditional protocols for target 
collection, LCM slides, and lysis preparation ensure high 
RNA quality6–13, but morphology is not well preserved14. 
When unique morphology needs to be focused on in de-
tail, some other method of preparing samples is needed to 
achieve a good balance of RNA quality and tissue morphol-
ogy. In our group, this trade-off was solved for microarrays 
by using samples that are fixed in paraformaldehyde and 
then embedded in paraffin by the AMeX (acetone, methyl 
benzoate, and xylene) method (PFA-AMeX), which is a 
tool that provides good morphology and RNA quality and 
can also be combined with LCM15. Indeed, when the PFA-
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AMeX method is used, morphological preservation is excel-
lent, and RNA quality is modestly better than 10% neutral 
buffer formalin-fixed paraffin-embedded (FFPE) samples. 
However, RNA extracted from PFA-AMeX samples shows 
no peaks of 18 s and 28 s, which indicates that substantial 
degradation of RNA occurs, and therefore the method is not 
suitable for RNA-Seq.

Samples prepared by a novel formalin-free fixation 
technology, PAXgene® (Qiagen GmbH, Hilden, Germany), 
and then embedded in paraffin (XFPE) simultaneously pre-
serve tissue morphology and antigenicity as well as nucleic 
acids, proteins, and phosphoproteins16–23, and their mor-
phology was appropriate for diagnosing clinical colon can-
cer samples in an international ring trial23. Compared with 
formalin, the PAXgene fixative uses a non-cross-linking, 
non-carcinogenic mixture of different alcohols, acids, and 
a soluble organic compound that rapidly preserves the mor-
phology as well as all the biomolecules.

Combining XFPE and LCM may allow RNA-Seq to 
give appropriate biological insights by providing a good 
balance between RNA quality and tissue morphology in a 
region of interest (ROI). As far as we know, only one report 
has been published about adapting XFPE to microdissec-
tion for DNA and RNA analysis24, but in that study whole 
peripapillary retina was dissected into 2 mm sections using 
a 27-gauge needle with a beveled tip, which is too large to 
correctly evaluate the influence of cutting small pieces of 
a sample. To focus on the ROI in detail, it is important to 
know how small a piece of an XFPE sample cut by LCM is 
acceptable for RNA-Seq, but no report has been published. 
Thus, we attempted to study the characteristics of XFPE by 
comparing the morphology and preservation of RNA with 
that in other block preparation procedures and evaluating 
the relationship between the size of the pieces cut by LCM 
and the RNA quality.

Three SCID mice (CB17/Icr-Prkdcscid/CrlCrlj) were 
purchased from Charles River Laboratories Japan, Inc. 
(Kanagawa, Japan), and used in experiments at around 
8 weeks of age. The animals were housed in cages in an 
animal room maintained at a temperature of 24 ± 2°C and a 
humidity of 55 ± 10%, with 14 to 16 air changes per h and a 
14-h light and 10-h dark cycle. The animals were given pel-
leted chow (Gamma-Irradiated CF, Oriental Yeast Co., Ltd., 
Tokyo, Japan) and sterilized water ad libitum. All animal 
procedures were conducted in accordance with Forerunner 
Pharma Research’s Guide for the Care and Use of Labora-
tory Animals, and all experimental protocols were approved 
by the Institutional Animal Care and Use Committee.

The human colorectal cancer cell line HCT116 was ob-
tained from the European Collection of Authenticated Cell 
Cultures (ECACC, Salisbury, UK) and cultured in McCoy’s 
5a medium (Invitrogen/Thermo Fisher Scientific, Waltham, 
MA, USA) supplemented with 10% (v/v) fetal bovine se-
rum. The HCT116 cells (1 × 106) were suspended in 50% 
Matrigel (Becton, Dickinson and Company, Franklin Lakes, 
NJ, USA) and inoculated subcutaneously into the flanks of 
the mice.

The HCT116 xenograft mice were sacrificed by exsan-
guination under deep anesthesia approximately three weeks 
after inoculation. Each of the xenograft samples and livers 
were taken and divided into six pieces. The liver was select-
ed as an organ large enough to divide into six pieces. Pieces 
of each tissue were prepared by processing them in the fol-
lowing ways: as XFPE, modified methacarn-fixed paraffin-
embedded (MFPE), PFA-AMeX, FFPE, fresh-frozen (FF), 
and PAXgene®-fixed frozen (XFF) blocks (Fig. 1).

For XFPE, samples were fixed at room temperature in 
the fixative in Chamber 1 of a PAXgene Tissue Contain-
er (Qiagen). Fixation was stopped after 3 h, and samples 
were transferred into the stabilizer reagent in Chamber 2 
of the same PAXgene Tissue Container (Qiagen) and im-
mersed continuously for 24 h. After fixation, the samples 
were immersed in 80%, 90%, 100%, and 100% ethanol (1 
h each), subjected to 2 changes of xylene after 1 h each at 
room temperature, and finally submerged in paraffin with a 
low melting point (Paraplast X-TRA®, Merck KGaA, Darm-
stadt, Germany) at 56°C for 2 h, according to the manufac-
turer’s instructions. For XFF, samples fixed and stabilized 
by PAXgene reagents with the same procedure as described 
above were embedded into O.C.T. Compound (Sakura Fine-
tek Japan Co., Ltd., Tokyo, Japan) after dehydration in 10%, 
15%, and 20% sucrose for 4 h, 4 h, and overnight, respec-
tively. For MFPE, samples were immersed into modified 
methacarn fixative (methanol:glacial acetic acid = 8:1)14 for 
24 h at room temperature, and the standard procedure was 
followed. For FF, tissues were directly embedded in O.C.T. 
Compound and fixed by dry ice/acetone–cooled hexane. 
For FFPE, tissues were fixed in 10% neutral buffer forma-
lin (pH 7.4) for 24 h at room temperature and embedded in 
paraffin wax following conventional procedures. Finally for 
PFA-AMeX, tissues were fixed in 4% paraformaldehyde in 
phosphate buffer for 24 h at 4°C and embedded into paraf-
fin using the AMeX method25. The XFPE block was stored 
at −30°C following the manufacturer’s instruction, the FF 
and XFF blocks were stored at −80°C, the PFA-AMeX block 

Fig. 1. Experimental design for block preparation, histopathologi-
cal evaluation, RNA extraction, cDNA synthesis, and NGS 
library synthesis. XFPE, PAXgene-fixed paraffin-embedded; 
MFPE, modified methacarn-fixed paraffin-embedded; PFA-
AMeX, paraformaldehyde-fixed paraffin-embedded using the 
AMeX method; FFPE, formalin-fixed paraffin-embedded; FF, 
fresh frozen; XFF, PAXgene-fixed frozen; , conducted; -, not 
conducted. An asterisk denotes that a sample with the highest 
RIN was used.
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was stored at 4°C, and the MFPE and FFPE blocks were 
stored at room temperature. Sections from each block were 
stained with hematoxylin and eosin (HE) and histopatho-
logically evaluated under light microscopy.

XFPE, MFPE, PFA-AMeX, FFPE, and FF blocks 
from liver samples were sectioned into two slices (each 10 
μm thick) approximately three months after collection and 
transferred to a microcentrifuge tube, in which RNA was 
extracted using a PAXgene® Tissue miRNA Kit (Qiagen) 
for XFPE, an miRNeasy FFPE Kit (Qiagen) for MFPE, PFA-
AMeX, and FFPE, and an miRNeasy Micro Kit (Qiagen) for 
FF, according to the manufacturer’s instructions. For XFPE, 
RNA was eluted with RNase-free water instead of Buffer 
TR4. As for the XFF, RNA quality was not evaluated in a 
whole section of sample because histopathological evalu-
ation of the tissue-processing method confirmed that the 
morphology was not preserved. The RNA Integrity Number 
(RIN) and yield of extracted total RNAs were assessed us-
ing an Agilent Bioanalyzer 2100 system with an RNA 6000 
Pico Kit (Agilent Technologies, Santa Clara, CA, USA) and 
Quant-iTTM RiboGreen® RNA Assay Kit (Invitrogen/Ther-
mo Fisher Scientific, Waltham, MA, USA) according to the 
manufacturers’ instructions. The RIN is commonly used to 
evaluate the quality of RNA and is calculated by the 28S 
peak area divided by the 18S peak area and an undisclosed 
variable26. RIN values range from 10 (intact) to 1 (totally 
degraded). The gradual degradation of rRNA is reflected by 
a continuous shift towards shorter fragment sizes. A RIN 
value over 6.0 could be considered high quality4, 27. cDNA 
was synthesized with a SMART-Seq® v4 Ultra® Low In-
put RNA Kit for Sequencing (Clontech Laboratories, Inc., 
CA, USA) from 1 ng total RNA input. An NGS library was 
prepared with a Nextera XT DNA Library Preparation Kit 
(Illumina, Inc., San Diego, CA, USA) from 200 pg cDNA 
input according to the manufacturer’s instructions. The 
obtained NGS library was sequenced on an Illumina Next-
Seq500 sequencer generating 2 × 75-bp paired-end reads. 
Raw sequence data was processed to obtain mapping and 
gene expression data using the Illumina BaseSpace® Onsite 
pipeline, which was also used to generate a gene body cov-
erage plot. Gene body coverage is a metric for assessing the 
quality of RNA-Seq data and shows the percentage of reads 
covering each nucleotide position for all genes scaled to 100 
bins28. Correlation of the gene expression between XFPE, 
FF, PFA-AMeX, and MFPE was assessed using Pearson’s 
coefficient of correlation. To assess the influence of long-
term storage of XFPE blocks, the quality of extracted RNA 
was also evaluated over one year later by the same protocol 
as that described above in whole sections taken from the 
same blocks.

For LCM, XFPE blocks from HCT116 xenograft 
samples were sectioned (6 μm thick) at room temperature, 
floated in an RNase-free water bath, and transferred to 
FrameSlides® (Leica Microsystems, Wetzlar, Germany). 
HCT116 was selected to study the relationship between cut-
ting size and RNA quality because we wanted to reduce the 
influence of tissue type on RNA quality, and HCT116 tissue 

is considered to be more homogeneous than that of other 
normal organs. After being stained with HE, pieces were 
cut by Leica LMD7000 (Leica Microsystems) into three 
different sizes, namely, small (990–1,010 µm2), medium 
(4,900–5,100 µm2), and large (24,900–25,100 µm2). A suffi-
cient number of pieces of each size were cut so that the total 
area for each size was approximately 400,000 µm2, which 
had been confirmed in a preliminary study as yielding suf-
ficient RNA to perform RNA-Seq. The object lens was set at 
×10 and the laser power, aperture, and speed parameters of 
the LMD7000 were configured at 30, 18, and 7, respectively. 
Total RNA was extracted from each microdissected sample 
using a PAXgene® Tissue miRNA Kit (Qiagen) following 
the manufacturer’s supplementary protocol for microdis-
sected tissues. The RIN and yield of extracted total RNAs 
were assessed using an Agilent Bioanalyzer 2100 system 
(Agilent Technologies) and Quant-iTTM RiboGreen® RNA 
Assay Kit (Invitrogen/Thermo Fisher Scientific) according 
to the manufacturers’ instructions.

All mean values are reported as the mean ± standard 
deviation value. Welch’s t test was used to determine the sig-
nificance of differences between groups. P values of <0.05 
or <0.01 were considered significant.

Figure 2 shows a comparison of the morphology in 
HE section slides made according to each preparation pro-
cedure. Cell shrinkage, slightly eosinophilic cytoplasm, 
coarse chromatin pattern, prominent nucleolus, and ghosted 
red blood cells were observed for XFPE, but the cell shape 
was preserved, and each cell was clearly distinguishable. 
MFPE showed almost the same morphology as XFPE, in 
that cell shrinkage, a coarse chromatin pattern, a promi-
nent nucleolus, and ghosted red blood cells were observed. 
PFA-AMeX and FFPE showed no shrinkage of cells and 
no coarse chromatin in nuclei, and the cell border was very 
clear. The border between cells in the frozen section was 
ambiguous, and the nucleolus was not recognizable. In XFF 
samples, many artificial vacuoles were observed in the cells, 
and the cell border was ambiguous.

RNA quality in blocks prepared by each procedure was 
compared in whole sections from liver samples three months 
after collection (n=3, respectively) (Fig. 3a and b). The bad 
morphology of XFF made it pointless to pursue comparing 
the RNA quality. FF also showed bad morphology, but we 
used it as a reference for high RNA quality when compar-
ing the RNA quality of other block preparation procedures. 
Though extracted from roughly the same size of liver sam-
ples, the RNA yield from FF was lower than from the other 
block preparation procedures (258–453 ng). XFPE, PFA-
AMeX, MFPE, and FFPE showed an RNA yield of roughly 
over 1,000 ng. The RIN value of XFPE (7.7 ± 0.6) was lower 
than that of FF (9.3 ± 0.1), but that of XFPE was still over 
6.0. Furthermore, those of the other block preparation pro-
cedures were significantly lower than that of FF. Figure 3b 
shows typical capillary electropherograms of rRNA from 
the different block preparation procedures, with 28S/18S 
rRNA ratios of 2.2 ± 0.3, 0.3 ± 0.5, 0.1 ± 0.1, 0 ± 0, and 1.4 
± 0.1 for XFPE, MFPE, PFA-AMeX, FFPE, and FF, respec-
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tively. In FF and XFPE, the rRNA peak was visible at both 
18 s and 28 s, PFA-AMeX showed only a slight 18 s peak, 
and MFPE and FFPE had a broad pattern with a progressive 
disappearance of 18 s and 28 s.

cDNA was synthesized from XFPE and FF blocks (n=3, 
respectively). PFA-AMeX and MFPE blocks with the high-
est RIN values out of three were synthesized for reference. 
Although cDNA synthesis was attempted in FFPE, cDNA 
could not be synthesized. The cDNA yield from XFPE (4.8 
± 0.7 ng; range, 4.3–5.6 ng) was significantly lower than that 
from FF (10.6 ± 2.5 ng; range, 8.1–13.0 ng) (Fig. 4a). In the 
gene body coverage plot, the FF coverage was fairly even 
through 3′ to 5′. The coverage of XFPE was slightly biased to 

3′ but very similar to that of FF (n=3, respectively) (Fig. 4b). 
On the other hand, PFA-AMeX and MFPE produced reads 
heavily biased to 3′ (n=1, respectively). Because modified 
oligo-dT was used for reverse transcription, the heavy bias 
to 3′ suggests degradation of the original total RNA. An 
NGS library was prepared from 200 pg cDNA input with a 
Nextera XT DNA Library Preparation Kit. The average size 
of the NGS library from XFPE (530–572 bp) was slightly 
smaller than that from FF (583–721 bp) (Fig. 5a), and the 
library yield from XFPE (35.1–46.7 ng) was almost the same 
as that from FF (34.9–46.2 ng) (Fig. 5b). The correlation co-
efficients for gene expression from FF, XFPE, PFA-AMeX, 
and MFPE were checked (Fig. 5c). The value of the correla-

Fig. 3. RNA quality of whole sections of liver samples measured by a bioanalyzer. (a) RIN value for whole sections of liver samples processed 
by each block preparation procedure (n=3). *P<0.05 compared with the FF group. **P<0.01 compared with the FF group. (b) Typical 
capillary electropherograms of rRNA from each block preparation procedure.

Fig. 2. Histopathological evaluation of liver and xenograft tissue processed by each block preparation procedure. Inset, ghosted red blood cells 
in blood vessel. Arrow, vacuoles observed in XFF. HE staining. Bar = 10 µm.
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tion coefficient between FF and XFPE ranged from 0.937 to 
0.961, but for PFA-AMeX and MFPE, the correlation coef-
ficient against FF ranged from 0.823 to 0.886.

Table 1 shows the influence of long-term storage on 
XFPE blocks by comparing the RNA quality at three months 
with that in the same blocks after one year. The quality of 
RNA data at three months (as seen in Fig. 3) decreased after 
one year, as shown by the RIN value, which decreased from 
7.2–8.4 to 6.2–6.7.

The relationship between the size of LCM pieces and 
RNA quality was assessed from xenograft samples (Fig. 6a). 
Large-, medium-, and small-sized pieces were cut, ensuring 
that the total area of the pieces cut was 400,000 µm2 for 
each size (n=3, respectively). The RIN values of the large- 
and small-sized pieces were significantly decreased com-
pared with the whole sectioned sample, but the large- and 
medium- sized pieces still showed RNA values of over 6.0 
(Fig. 6b).

Though it is increasingly necessary to assess how gene 
expression analyzed by RNA-Seq correlates to a unique 
morphology in a ROI6–13, standard pathological sample pro-

cedures like FFPE and FF provide only one aspect: either 
good morphology or well-preserved RNA14, 17, 29. The prob-
lem of trade-off needs to be solved, and a novel sample prep-
aration procedure that can preserve morphology and give 
good quality RNA has become essential. Though XFPE was 
one solution to the problem, there have been few reports on 
adapting XFPE for LCM, and especially, there has been no 

Fig. 4. Quality and quantity check for cDNA. (a) cDNA yield from 
each block preparation procedure. *P<0.05 compared with the 
FF group. #The sample with the highest RIN was used. (b) 
Gene body coverage of FF, XFPE (n=3, respectively), PFA-
AMeX, and MFPE (n=1, respectively). #The sample with the 
highest RIN was used. The vertical axis shows the normal-
ized read coverage over each nucleotide position of all of the 
genes, and the horizontal axis shows each nucleotide position 
of all of the genes scaled to 100 bins from 5′ to 3′.

Fig. 5. Quality and quantity check for NGS libraries. (a) Average size 
of the NGS library from each block preparation procedure. (b) 
NGS library yield from each block preparation procedure. (c) 
Scatter plots and the values of correlation coefficients for gene 
expression from FF, XFPE (n=3, respectively), PFA-AMeX, 
and MFPE (n=1, respectively). #The sample with the highest 
RIN was used.
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information on how small a ROI could be analyzed by RNA-
Seq. In this study, we assessed the characteristics of XFPE 
and attempted to apply the procedure to LCM.

Regarding the morphological features in XFPE, cell 
shrinkage, eosinophilic cell cytoplasm, and ghosted red 
blood cells were observed and were similar to those previ-
ously reported for alcohol-based fixatives17, 19, 30, which are 
generally known to be acceptable31, and cells themselves 
and cell-cell border could be seen in detail in XFPE, just 
as they can in other alcohol-based fixatives. However, some 
researchers have pointed out differences between XFPE and 
FFPE in the immunohistochemistry staining patterns30, 32 of 
some common targets, like CCND1, Ki67, and c-kit33. Thus, 
it is better to consider XFPE as a secondary sample to FFPE 
when examining the morphology.

In contrast, RNA preservation in XFPE was excel-
lent compared with samples made by other preparation 
procedures, including PFA-AMeX and MFPE, which are 
both known as preparation procedures that highly preserve 
RNA14, 15, though there is no report that directly compares 
them with XFPE. Other than FF, only XFPE provided a 
quality of RNA high enough to merit proceeding to RNA-
Seq analysis, and XFPE can be a substitute for FF. The RNA 
quality was sufficient to generate an NGS library of appro-
priate size and sufficient yield, and furthermore, the gene 
expression from XFPE showed a higher correlation coeffi-
cient with FF than PFA-AMeX and MFPE did.

This study found that LCM could be used on XFPE 
blocks. When a small ROI is the target of RNA-Seq, pa-
thologists must collect small pieces with the same morpho-
logical features that total an area sufficient for performing 
RNA-Seq. When the pieces cut by LCM were larger than 
5,000 µm2, RIN value of more than 6.2 could be preserved, 
which was lower than in a whole section. Meanwhile, the 
RIN value was lower than 6.0 when the pieces were cut at 
1,000 µm2. Though the time taken for microdissection is 
known to also affect RNA quality9, the time for microdis-
section of one sample was less than 30 min in this study. 
In general, 30 min has no influence on RNA quality when 
microdissection is conducted on formalin-, paraformalde-
hyde-, or glutaraldehyde-fixed tissue9, so size was thought 
to be the most influential factor in preserving RNA quality. 
RNA is known to be damaged by heat and UV light9, 27, and 
the LCM system we used in this study was powered by a UV 
laser, so the smallest size may not have been acceptable be-
cause a large area of the piece was touched by the laser. An 
infrared laser causes less damage to tissue9, so the RNA in 
samples cut by infrared LCM may be better preserved even 
at the smallest size. Based on the results of this study, each 
researcher should determine the size of the pieces cut from 
XFPE blocks by LCM according to the purpose of the study.

Although the RIN value of XFPE after one year was 
slightly lower than at three months, it was still higher than 
6.0. Whereas the manufacturer’s instructions state that there 

Table 1. The Influence of Long-term Storage on XFPE Blocks by Comparing the RNA Quality at Three 
Months with That in the Same Blocks after One Year

Sample
3 month Over 1 year

RNA yield  
(ng) RIN rRNA Ratio  

(28 s/18 s)
RNA yield  

(ng) RIN rRNA Ratio  
(28 s/18 s)

1 1,220 7.2 2.2 1,122 6.5 0.7
2 2,616 7.6 1.9 1,753 6.2 0.6
3 1,633 8.4 2.5 1,630 6.7 0.7

Fig. 6. Relationship between size of LCM pieces and RNA quality. (a) Schematic image of LCM. A size (large, medium, or small) was assigned 
to each section, and a sufficient number of pieces was cut to ensure a total area of approximately 400,000 µm2 per size. (b) Relationship 
between size and RIN value in XFPE xenograft samples (n=3). Whole sections of sample were examined as a reference (n=3). *P<0.05 
compared with the whole sections.
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is no effect on the morphology and integrity of the nucle-
ic acids for up to 3 months of storage at −30°C, this study 
shows that it is possible to maintain the quality of RNA for 
longer. However, the study also shows that LCM results in a 
reduction in RNA quality. Therefore, in the view of the au-
thors, researchers that intend to use LCM on an XFPE block 
stored for one year should first check the RNA quality in 
whole sections of the sample and calculate the overall effect 
of storage and LCM on RNA quality.

In conclusion, XFPE provides samples with a good 
balance of RNA quality and tissue morphology that can be 
dissected by LCM for RNA-Seq in the ROI. This method 
will be particularly useful for harmonizing morphological 
evaluation and large-scale gene analysis.
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