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Dynamic changes in RNA integrity, gene expression, and tissue
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ABSTRACT

Aim. To examine the pattern of morphological changes, RNA quality number, and gene expression in mouse
tissues sampled at autopsy under controlled experimental conditions.

Materials and methods. Balb/c mice were euthanized and subsequently subjected to necropsy at 0, 3, 12, 24, 48,
and 72 hours of the postmortem period. During the first three hours following euthanasia, the mice were maintained
at room temperature, after which they were transferred to a refrigerator (4 ‘C). Total RNA was extracted from
tissue samples taken from the kidney, liver, and brain; the integrity of the RNA samples was assessed by capil-
lary electrophoresis, and the RNA quality number (RQN) was calculated. The expression levels of Actb, Epasl,
and Rpsl8 housekeeping genes were evaluated by real-time quantitative reverse transcription polymerase chain
reaction (RT-qPCR) with original primers and probes using the TagMan assay. The histologic examination was
performed according to standard techniques.

Results. Degradation of RNA extracted from mouse kidney tissues appeared to be greater than that of RNA taken
from the liver. In the meantime, a negative linear correlation was observed between RQN and the duration of
the postmortem interval for liver and kidney samples. In contrast, no significant changes in the RQN score were
observed for brain RNA samples at any of the time points. The expression of the Epas/ and Rpsl8 genes was
significantly decreased in mouse kidney and liver tissues. However, the level of Epas/ and RpsI8 gene expression
in the brain remained stable at all time points and did not exhibit a significant decrease at 72 hours after euthanasia.
No obvious morphological changes were detected by the histologic examination, which does not exclude the
presence of ultrastructural pathological changes.

Conclusion. RQN in autopsy tissues serves as a crucial predictor of sample quality for molecular biology studies,
including gene expression analysis.
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AvnHamnuyeckne nsmeHeHms yenoctHoctu PHK, akcnpeccun reHoB
n natomop¢onorna TKaHel SKCNepuMeHTaibHbIX MbiLUE
B NOCMEpPTHOM nepuopge

Bywnko E.E., NepwuHa E.A., BacunbyeHko [.B., Libinenosa U.A., XmeneBckas E.C.,
Yédanpees A.A., Kangaw O.A., UBaHoB B.B., Bropywwuh C.B., YayT E.B.

Cubupckuii cocyoapcmeennblil meouyurckuu ynugepcumem (Cubl’ MY)
Poccus, 634050, 2. Tomck, Mockoeckuu mpaxm, 2

PE3IOME

Heasn. M3ydeHne 3aKOHOMEPHOCTH MOP(OIOTHICCKUX W3MEHEHU, BennunHbl nenoctHoctd PHK u marTepHOB
9KCTIPECCUH T€HOB TKaHEH MBIIIeH, 0TOOpaHHBIX TIPH ayTOIICHU B KOHTPOIUPYEMBIX YCIOBHSX.

MatepuaJsl 1 MeToabl. Mbimeii muanu Balb/c mogsepranu sBraHasmuu ¢ nocienyrouield Hekporcueit uepes 0, 3,
12, 24, 48, 72 4. Ilepsble 3 4 mocie 3BTaHA3UU MBIIIM HAXOIMINCH IPU KOMHATHOH TeMmeparype, a 3aTeM ObLIH
nepemenieHsl B xonoamibHUK (4 °C). Oburyro PHK Beimensnu u3 o6pa3uoB TkaHel MOYeK, MEYSHH, TOJIOBHOTO
MO3ra, HeaocTHOCTh 00pa3os PHK u3mepsinu mpu noMomy KanmuIsspHOTo 3JeKTpodopesa ¢ pacyeToM 3HaYeHUH
RQN (RNA Quality Number). YpoBeHb 3KCTIpeccHr TeHOB JoMaIHero xo3siicTea Actb, Epasl, Rps18 onennBanu
IIPY TIOMOIIM 0OPAaTHO-TPAHCKPHUIITA3HON KOJTMUECTBEHHOM MOIMMEPa3HON IEMHOM peakiy B PKUME pealbHOTO
Bpemenn (RT-qPCR) ¢ opurnHansHbIME TpaiiMepamMu U 30HAaMH 110 TexHoioruu TaqgMan. ['nctomoruueckoe uc-
ClIeI0BaHKE BBIMOHEHO MO CTAHAAPTHON METOHUKE.

PesyabTartbl. Beinenennas u3 tkanei nouek mpiniet PHK noaBepikeHa nerpaganuu B OOJbIICH CTEIIEHH C yBe-
JUYEHUEM MmocMepTHOTo MHTepBana, yeM PHK meuyenu. [Ipu 3ToM oOHapyXeHa OTpHIIaTeIbHAS JTHHCHHAS 3aBU-
CUMOCTh Mexay nokazareneM RQN U UIHTEIbHOCTHIO OCMEPTHOTO MHTEpBaJIa JJIsl 00pa3loB MMEYSHHU U MOYeK
JKUBOTHBIX. B TO ke Bpems oOpa3ubl PHK ronoBHOro Mosra He I€MOHCTPUPOBAIN CYIECTBEHHOTO M3MEHECHUS
nokazatesis RQN Bo BceX BpeMEHHBIX TOUKaxX. B TKaHsAX MOYEK U MEYEHH MbIIICH 3HAUUTEILHO CHIXKAETCS DKC-
nipeccusi reHoB Epas] v Rps18. OnHako BeJIMuruHa YKCIPecCHu reHoB Epas v Rps 18 B TOJIOBHOM MO3T€ )KUBOTHBIX
ocTaeTcsl CTaOMIBHOM BO BCEX BPEMEHHBIX TOUKaX W HE ACMOHCTPUPYET 3HAYMTEIBLHOTO CHHXKEHUS uepe3 72 4
ocJie MPOBEACHUS IBTaHa3HH. [IpH THCTONIOTHUECKOM HCCIIC0OBAaHUU HE OOHAPYKEHO SIBHBIX MOP(]OIOTHUECKIX
W3MEHEHUH, YTO HEe UCKIII0YAET HATMYUS YIbTPACTPYKTYPHBIX NMaTOJOTHUYESCKUX U3MEHEHUH.

3axaouenne. Bemmuuna nenoctaoctr PHK (RQN) B ayTONCHIHBIX TKAHSAX SBIISIETCS] BXKHBIM IIPEJUKTOPOM Ka-
gecTBa 00pasiia ISt MOJISKYIISIPHO-OMOJIOTHIECKIX UCCIIEA0BAHNUH, BKITIOUAsl aHATIM3 YKCIIPECCHH T€HOB.

KiroueBble ¢j10Ba: IOCMEPTHBIN UHTepBall, ayromncus, neaoctHocts PHK, I1L[P, sxcrpeccus reHos

KonpaukTt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH(OINKTOB HHTEPECOB,
CBSI3aHHBIX C COJCP)KAHUEM HACTOAIIEH CTaThU.

Hcrounuk puHancupoBanus. VccnenoBanue BBIMOIHEHO NPH GUHAHCOBOM MOAICPKKE POCCHIICKOro HaAyYHOTO
¢donza B pamMkax HayyHoro npoekta Ne 23-69-10035 «HoBble moaxoabl BTUIANNK Pe3yIbTaTOB MOJIEKYJISIPHOTO
MPOPUIHPOBAHHS TATOJIOTMICCKUX M3MECHEHU I TKAHEH Ha OCHOBE JaHHBIX MOJICKYJISIPHOTO PO(UIHPOBAHHUS, IO~
JIYYCHHBIX TIPU MCCIICIOBAHUN OUOTICHU M Ay TOTICHID).

CooTtBercTBHEe NpHHIOUNAM 3THKH. ViccnenoBanue onobpeno komuccueit IACUC Cu6I'MY (zaxmouerne Ne 1
ot 05.06.2023).

s untupoBanus: byiiko E.E., [lepuna E.A., Bacunsuenko /1.B., Lpinenosa U.A., Xmenesckas E.C., Ydannge-
eB A.A., Kaifnam O.A., BanoB B.B., Bropymmn C.B., Yyt E.B. [lunamuueckue usmenenns neiaoctnocta PHK,
IKCIIPECCUH T€HOB U MATOMOP()OIOTHsI TKaHE! SKCIIEPUMEHTAIBHBIX MBIIICH B IOCMEPTHOM TiepHoe. boiiemens
cubupcroi meouyunst. 2024;23(4):5—14. https://doi.org/10.20538/1682-0363-2024-4-5-14.

INTRODUCTION

Dynamic changes in rna integrity, gene expression, and tissue pathomorphology

Postmortem tissue studies have fundamental
importance for forensic medicine and biological
research in the study of the etiology and pathogenesis
of many diseases [1, 2], especially in oncology [3].

Biological materials of cancer patients obtained
at autopsy are of great interest for research since
they provide an adequate assessment of the quality
of clinical diagnosis and allow to develop optimized
treatment strategies [4]. The main approach to
identifying pathological changes occurring in the
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body at the tissue level is morphological research,
which is an interpretation of the tissue structure based
on findings of the microscopy analysis, including
the use of immunohistochemistry methods. In the
meantime, implementation of advanced methods for
assessing protein expression into clinical practice
and translational multi-omics studies provide the
most comprehensive understanding of cancer-related
pathogenetic processes associated with changes in the
molecular, metabolic, and genetic landscapes [5].

However, the use of postmortem tissues is
invariably accompanied by a time delay, since
samples cannot be immediately stored under
conditions, which prevent biological molecules from
degradation. Cell autolysis and tissue degradation
threaten the reliability of gene expression data and
multi-omics studies [2].

Therefore, the time interval between death and
sample collection is an important factor in the accuracy
and reliability of molecular biology research data, and
we can consider postmortem RNA degradation as one
of the markers of autopsy tissue integrity [2].

Traditionally, RNA integrity has been assessed
qualitatively by comparing the intensities of 28S and
18S ribosomal RNA (rRNA) bands during agarose
gel electrophoresis. More recently, automated
electrophoresis systems employing microfluidic
technologies have been developed that are capable
of quantitatively assessing RNA quality based on the
analysis of digital electropherograms [6].

Indeed, RNA molecules in cells are extremely
vulnerable to degradation, and measuring the RNA
Quality Number (RQN) is a standard method for
assessing RNA degradation [7].

The literature data on the influence of RNA
integrity on the reliability and validity of the results
of molecular biology studies of autopsy tissues are
contradictory [8—10]. Several studies have attempted
to investigate the relationship between RNA integrity
in postmortem human brain tissue and the results
of gene expression analysis [11] or transcriptome
profiling [7].

However, a significant limitation in the design
of the presented studies is that they do not assess
the influence of such factors as the duration of the
postmortem interval and standardization of tissue
sample preparation. Therefore, the study of the
influence of these factors on dynamic changes in
RNA integrity under strictly controlled experimental
conditions has a great practical significance; these
conditions can only be created using animal models.

The aim of this study was to investigate the patterns
of morphological changes, RNA quality number, and
gene expression patterns in mouse tissues, selected
and sampled at autopsy under controlled experimental
conditions.

MATERIALS AND METHODS

The experiments were carried out on 30 female
Balb/c mice (aged 7 weeks at the beginning of the
study) obtained from the specific pathogen-free facility
of the Research Institute of Cytology and Genetics
of the Siberian Branch of the Russian Academy of
Sciences (Novosibirsk).

The use of animals in this study was approved by
the IACUC commission at Siberian State Medical
University (Protocol No. 1 of 05.06.2023).

The animals of all groups were euthanized by
cervical dislocation following Forane anesthesia
(AESICA QUEENBOROUGH Limited, United
Kingdom).

The animals of group 1 were subjected to necropsy
immediately after euthanasia as a control (n = 5).
The animals of the remaining experimental groups
were subjected to necropsy at 3, 12, 24, 48, and
72 hours after euthanasia (n = 5 for all groups). In the
meantime, in the first hours after euthanasia, the mice
were kept at room temperature and then were placed
in the refrigerator (+4 “C). This allowed to simulate
conditions that were as close as possible to the routine
autopsy protocol for patients who died in specialized
medical facilities [4].

Total RNA was extracted from tissue samples
using the HiPure Total RNA Kit (Guangzhou
Magen Biotechnology, China) in accordance with
the manufacturer’s instructions. The concentration
and quality of the isolated RNA were assessed by
measuring the optical density at 260 and 280 nm
using the Nanodrop 2000 UV-VIS spectrophotometer
(Thermo Scientific, USA). The integrity of the RNA
samples was assessed using capillary electrophoresis
on the Bio-Fragment Analyzer (Bioptic Inc., China).

The isolated RNA was used to synthesize cDNA
using the MMLV RT kit (Evrogen, Russia) in
accordance with the manufacturer’s instructions.
Primers and probes (FAM-BHQI1) were designed
using the Vector NTI Advance 11.5, Oligo 7,5 software
and the NCBI Nucleotide Database (http://www.ncbi.
nlm.nih.gov/nuccore). The expression level of Epas/
(Endothelial PAS Domain Protein 1) and Rpsl§
(Ribosomal Protein S18) genes was assessed using
TagMan RT-qPCR on the Rotor-Gene-6000 amplifier
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(Corbett Research, Australia) (with original primers
andprobes (ACTB: F5’ TGGCAACGAGCGGTTC3’;
R 5> CATAGAGGTCTTTACGGATGTCA 3’; Probe
FAM-5’-tggcaacgagcggttc-3’- BHQ1; amplicon of
134 bp; EPASI: F5° ATGTGTGAGCCAATCCAGC
3’; RS’ TCCAAGATTCTGTCGTCACAG 3’; Probe
FAM-5’-atgtgtgagccaatccage-3’- BHQI1; amplicon of
116 bp; Rps18: F5° CCGCCATGTCTCTAGTGATC
3’; R 5 GTGATGGCGAAGGCTATTT 3’; Probe
FAM-5’- ccgccatgtctctagtgatc-3’- BHQ1; amplicon
of 97 bp). PCR was performed in three replicates
in a volume of 15 pl containing 250 uM dNTPs
(SibEnzyme, Russia), 300 nM forward and reverse
primers, 200 nM probe, 2.5 mM MgCl, 19 x SE
buffer (67 mM Tris—HCI, pH 8.8 at 25 °C, 16.6 mM
(NH,),SO,, 0.01 % Tween-20), 2.5 U Hot Start Taq
DNA polymerase (SibEnzyme, Russia), and 50 ng
cDNA. The two-step amplification program included
1 cycle of initial denaturation for 10 min at 94 °C;
40 cycles — step 1 for 10 sec at 94 °C and step 2 for
20 sec at 60 °C. The Actb (actin beta) gene was used
as a reference gene. Relative gene expression was
calculated using the Pfaffl method [12] and expressed
in units. Calibrator values were averaged values
obtained from the RNA samples extracted from mouse
tissues immediately after euthanasia.

For the histologic examination, the mouse
tissue samples were placed in 10% neutral buffered
formalin with subsequent fixation of the material for
24 hours. The histologic processing of the material
was carried out according to the standard method in
the ASP 6025 automated vacuum tissue processor
(Leica Microsystems, Germany) with the preparation
of paraffin blocks. Histologic sections with 4-5 um
thickness were obtained from the paraffin blocks
using the HM 430 sliding microtome (Thermo Fisher
Scientific, Germany). Microslides were stained with a
ready-made solution of hematoxylin and eosin in the
Varistain™ Gemini automated slide staining (Thermo
Fisher Scientific, United Kingdom). Morphological
examination and photography of the histologic
microslides were carried out using the Eclipse Ni
upright microscope (Nikon, Japan) and Nikon digital
camera (Japan) with the NIS-Elements D 5.20.00
image analysis tool (Nikon, Japan). The morphological
study included an assessment of changes in organs
and tissues for signs of autolysis.

Experimental data were processed using the
GraphPad Prism 8 software (GraphPad Software,
USA). All results were presented as the mean and
the standard deviation (M + SD). The normality of

distribution was checked using the Shapiro — Wilk
test. The significance of differences between the
study groups was tested by the analysis of variance
adjusted by the Benjamini — Hochberg correction. The
relationship between the features was assessed using
the Pearson’s correlation coefficient. The differences
were considered statistically significant at p < 0.05.

RESULTS

In the present study, the quality of RNA isolated
from the mouse kidney, liver, and brain was assessed
under conditions similar to those used in human
autopsy, and RQN was used as an indicator of RNA
integrity.

It was found that in the mouse tissues taken
from the kidneys, liver, and brain immediately after
euthanasia, the RQN values were 8.86 + 0.49, 8.48
+ 0.44, and 8.36 £ 0.61, respectively (Fig. 1A, 1C,
1E). When calculating RQN, we considered the
fractions of the areas in the 18S and 28S peaks on the
electropherogram compared to the total area under the
curve, the proportion of large molecules compared to
smaller ones, and the height of the 18S and 28S peaks,
which allowed to obtain comprehensive information
about the degree of degradation in RNA molecules
[13]. ROQN values range from 1 to 10, where 10
corresponds to the highest integrity of the isolated
RNA. The obtained results indicate high integrity
of RNA molecules in the selected samples and are
consistent with literature data [14].

Keeping mice after euthanasia at room temperature
for 3 hours did not result in a decrease in RNA
integrity in any of the organs studied (Fig. 1A, 1C,
1E). The integrity of RNA isolated from the mouse
kidneys after further storage at +4 "C for 12 hours was
reduced by 34.9% (p < 0.0001), the integrity of liver
RNA decreased by 15.8% (p = 0.0443) (Fig. 1A and
1C). A further increase in the postmortem interval to
24, 48, and 72 hours at +4 'C was accompanied by
a consistent decrease in the RNA integrity for the
tissues of both organs; the end RQN values for them
were 4.00 + 0.86 and 4.81 + 0.35, respectively.

Thus, RNA isolated from mouse kidney tissue
was more susceptible to degradation with increasing
postmortem interval. At the same time, brain RNA
samples did not show a significant change in RQN at
all time points (Fig. 1E). It is important to note that
the 260 / 280 ratio, which characterizes the purity of
the isolated total RNA, was in the range from 2.0 to
2.3 for all RNA samples, and no significant changes
in this parameter were observed immediately after
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euthanasia of the animals and at different time points
of the postmortem interval.

A negative linear relationship was found between
RQN and the duration of the postmortem interval for
mouse liver and kidney samples (Fig. 1B and 1D). In
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the meantime, such a correlation was not identified
for mouse brain tissue (Fig. 1F). The obtained results
indicate that the degree of RNA degradation depends
on the type of tissue and the duration of the postmortem
interval.
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Fig. 1 — RQN and its relationship with time after euthanasia in the kidneys (A and B), liver (C and D), and brain (E and F) of mice.

Mouse cadavers were kept at room temperature for the first three hours after euthanasia; then they were moved to the refrigerator

(+4 °C). The number of animals in each group was n = 5. * — the differences were statistically significant (p < 0.05) compared to the
group of animals subjected to necropsy immediately after euthanasia (0 h)
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It is known that the integrity of RNA molecules
is important in experiments aimed at assessing gene
expression [14]. To assess the relationship between
RNA integrity in mouse tissue and the results of
molecular biology studies in selected samples of
kidneys, liver, and brain using RT-PCR, the expression
of housekeeping genes Actb, Epasl, and Rpsi8
was assessed. Actb was chosen as a reference gene
due to its high stability in the postmortem tissue
samples [15].

Following the experiments, it was established that
in the kidney tissues of mice after storing for 12 hours
(3 hours at room temperature and 9 hours at +4 °C), the
expression of the Epasl gene significantly decreased
from 1.5 £ 0.4 units to 0.9 = 0.3 units (p = 0.0167).
In the liver, the expression of this gene decreased
only 48 hours after euthanasia (1.4 + 0.4 units after 3
hours and 0.7 + 0.2 units after 48 hours, respectively,
p = 0.0141). Increasing the postmortem interval
resulted in a further decrease in Epas/ gene expression
in the kidneys and liver (Fig. 2A and 2C).

It is worth noting that the kidney and liver tissues

Time, hours Kidneys

24

48

72

showed a slight increase in RpsI8 gene expression
12 hours after euthanasia (by 15.4% in the kidneys
and by 30.0% in the liver compared to autopsy
material collected 3 hours later) (Fig. 2B and 2D).
Subsequently, the expression of this gene decreased,
and after 72 hours of tissue storage, it was 0.6 + 0.1
units in the kidneys (1.3 £ 0.3 units after 3 hours,
p=0.0012) and 0.5 £ 0.2 units in the liver (1.0 + 0.3
units after 3 hours, p = 0.0454).

At the same time, the expression level of the Epasi
and Rps18 genes in the brain of the animals remained
stable at all time points and did not show a significant
decrease 72 hours after euthanasia (Fig. 1E and 1F).

Therefore, the demonstrated dynamic changes in
gene expression patterns in mice are consistent with
the above results of RNA integrity assessment and
depend on the organ studied and the duration of the
postmortem interval.

To characterize postmortem changes in autopsy
samples (kidneys, liver, and brain) of mice,
pathomorphological and histologic studies were
carried out (Fig. 3).

Liver Brain

=

Fig. 3. Microscopic image ot the kidneys, liver, and brain ot mice at ditterent time points atter euthanasia. For the first three hours
after euthanasia, mouse cadavers were kept at room temperature; then they were moved to the refrigerator (+4 °C). Staining with
hematoxylin and eosin, x10
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In tissue samples obtained from the experimental
animals at different time points (at 0, 3, 12, 24, 48, and
72 hours after euthanasia), the histologic structure of
organs was preserved. In the kidneys at all stages of
the experiment, the cortex and medulla were clearly
differentiated, the renal tubules appeared normal, and
no autolysis phenomena were detected at the optical
level (Fig. 3). When examining the liver samples, the
histologic structure of the organ was also preserved;
some of the specimens contained cytoplasmic lipid
inclusions in hepatocytes and showed signs of granular
dystrophy. No signs of autolysis were detected in any
of'the samples studied (Fig. 3). Mild pericellular edema
was observed in the brain, macro- and microglia were
preserved, and no autolysis was detected in any of the
samples studied (Fig. 3).

Thus, at the microscopic level, no obvious
morphological changes, such as autolysis and
degenerative changes, were detected, which does not
exclude the presence of ultrastructural pathological
changes [16].

DISCUSSION

The integrity of RNA molecules is of paramount
importance in experiments aimed at assessing gene
expression of isolated RNA, especially in modern
high-tech studies using microarrays and multi-
omics technologies [13, 17]. Indeed, one of the
main problems in working with autopsy tissues is
pronounced heterogeneity of samples, since the
factors determining molecular parameters before and
after death cannot be fully controlled [18, 19].

Understanding the relationship of changes
occurring at different times in the postmortem interval
when working with autopsy samples with sample
quality and the correctness of interpretation of the
results of molecular biology studies, including RNA
integrity and gene expression profile, is of great
importance [20].

Therefore, in the present study, we investigated the
patterns of morphological changes, RNA integrity,
and gene expression patterns in mouse tissues taken
at autopsy under controlled experimental conditions.

The analysis showed the presence of tissue
specificity with low RQN at different times in the
postmortem interval. In this case, the kidneys and
liver demonstrated a negative correlation of RQN
with increasing time before sampling. In contrast,
brain tissue samples were much less susceptible to
postmortem changes resulting in a decrease in the
RQN score. Similar results were obtained earlier in

experiments studying the effect of the postmortem
interval on the quality of total RNA isolated from the
brain of Balb/c mice [21]. Assessing RNA integrity
is essential to obtain reliable results about gene
expression levels [22]. RQN ranged from 1 to 10
[13], where RQN above 8.0 indicated high integrity of
RNA samples, RQN of 5.0 to 8.0 indicated moderately
degraded samples, and RQN below 5.0 indicated
significant degradation [23]. RQN of 5 is often used
as a criterion for inclusion of biological samples in a
study, although there is no consensus in the literature
on this matter [23].

The kidney and liver tissues of mice at the endpoint
ofthe study (72 hours after euthanasia) demonstrated a
decrease in the RQN score by more than 50% to 4.0 £
0.86 and 4.81 £ 0.35, respectively, which is consistent
with a significant decrease in the amount of mRNA of
stably expressed genes Epas! and Rpsi8.

Indeed, some studies have shown that the integrity
of ribosomal RNA, expressed in RQN, can be used as
an alternative parameter of the quality of messenger
RNA (mRNA) [9, 22].

In the meantime, the results of the histologic
examination using routine staining did not reflect
dynamic tissue degradation in the postmortem period
at the molecular level. To identify patterns in the
development of ultrastructural changes, studies using
electron microscopy methods are required [16].

Therefore, RQN in autopsy tissues serves as a
crucial predictor of sample quality for molecular
biology studies, including gene expression analysis.
Further research will help identify patterns describing
the relationship of molecular profiles of tissues
obtained from the deceased with biopsy material and
standardize protocols for handling autopsy material to
obtain valuable results in multi-omics studies.

CONCLUSION

Following the study, it was established that RNA
degradation in the postmortem period occurs tissue-
specifically and is most pronounced in the kidneys and
liver of experimental animals, in contrast to the brain.
In mouse kidney and liver tissues, expression of stably
expressed Epasl and Rpsl8 genes was significantly
reduced. The expression levels of the Epas/ and
Rpsi8 genes in the brain of the animals remained
stable at all time points and did not show a significant
decrease at 72 hours after euthanasia. The observed
dynamic changes in gene expression patterns in
mice are consistent with the results of RNA integrity
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assessment and depend on the organ studied and the
duration of the postmortem interval. Thus, RQN in
autopsy tissues serves as a crucial predictor of sample
quality for molecular biology studies, including gene
expression analysis.

REFERENCES

1. Mackenzie 1. R., Neumann M. Molecular neuropathology of
frontotemporal dementia: insights into disease mechanisms
from postmortem studies. Journal of neurochemistry. 2016;
138: 54-70. DOI: 10.1111/jnc.13588

2. Zhu Y., Wang L., Yin Y., Yang E. Systematic analysis of gene
expression patterns associated with postmortem interval in hu-
man tissues. Scientific reports. 2017; 7(1): 5435. DOI: 10.1038/
s41598-017-05882-0

3. Strand C., Enell J., Hedenfalk I., Fernd M. RNA quality in fro-
zen breast cancer samples and the influence on gene expres-
sion analysis—a comparison of three evaluation methods using
microcapillary electrophoresis traces. BMC molecular biology.
2007; 8: 1-9. DOI: 10.1186/1471-2199-8-38

4. Kocsmar E., Schmid M., Cosenza-Contreras M., Kocsmar I,
Foll M., Krey L. et al. Proteome alterations in human autopsy
tissues in relation to time after death. Cellular and Molecular
Life Sciences. 2023; 80(5): 117. DOI: 10.1007/s00018-023-
04754-3.

5. Cao L., Huang C., Zhou D. C., Hu Y., Lih T. M., Savage S. R.
et al. Proteogenomic characterization of pancreatic ductal ade-
nocarcinoma. Cell. 2021; 184(19): 5031-5052. DOI: 10.1016/j.
cell.2021.08.023

6. Sidova M., Tomankova S., Abaffy P., Kubista M., Sindelka, R.
Effects of post-mortem and physical degradation on RNA in-
tegrity and quality. Biomolecular detection and quantification.
2015; 5: 3-9. DOI: 10.1016/j.bdq.2015.08.002

7. Johnson E. S., Stenzel K. E., Lee S., Blalock E. M. Declin-
ing RNA integrity in control autopsy brain tissue is robust-
ly and asymmetrically associated with selective neuronal
mRNA signal loss. bioRxiv. 2021; 2021.09. 07.459326. DOI:
10.1101/2021.09.07.459326

8. Fan J., Khani R., Sakamot H., Zhon Y., Michae C., Pen D.
et al. Quantification of nucleic acid quality in postmortem
tissues from a cancer research autopsy program. Oncotarget.
2016; 7(41): 66906. DOI: 10.18632/oncotarget.11836

9. White K., Yang P., Li L., Farshori A., Medina A. E., Zielke H.R.
Effect of postmortem interval and years in storage on RNA
quality of tissue at a repository of the NIH NeuroBioBank.
Biopreservation and biobanking. 2018; 16(2): 148-157.
DOI: 10.1089/bi0.2017.0099

10. Van der Linden A., Blokker B. M., Kap M., Weustink A. C.,
Riegman P. H., Oosterhuis J. W. Post-mortem tissue biopsies
obtained at minimally invasive autopsy: an RNA-quality anal-
ysis. PLoS One. 2014; 9(12): e115675. DOI: 10.1371/journal.
pone.0115675

11. Miyahara K., Hino M., Yu Z., Ono C., Nagaoka A., Hatano M.,

Shishido R., Yabe H., Tomita H., Kunii Y. The influence of

14.

15.

17.

18.

19.

20.

21.

22

23.

tissue pH and RNA integrity number on gene expression of
human postmortem brain. Frontiers in Psychiatry. 2023; 14:
1156524. DOI: 10.3389/fpsyt.2023.1156524.

. Pfafl M.W. A new mathematical model for relative quan-

tification in real-time RT-PCR. Nucleic Acids Research.
2001;29(9):e45-45. DOI: 10.1093/nar/29.9.e45/

. Schroeder A., Mueller O., Stocker S., Salowsky R., Leiber

M., Gassmann M. et al. The RIN: an RNA integrity number
for assigning integrity values to RNA measurements.
BMC Molecular Biology. 2006;7:1-14. DOI: 10.1186/1471-
2199-7-3.

Thompson K.L., Pine P.S., Rosenzweig B.A., Turpaz Y., Re-
tief J. Characterization of the effect of sample quality on high
density oligonucleotide microarray data using progressively
degraded rat liver RNA. BMC Biotechnology. 2007:7:1-12.
DOI: 10.1186/1472-6750-7-57.

Weickert C.S., Sheedy D., Rothmond D.A., Dedova I.,
Fung S., Garrick T. et al. Selection of reference gene ex-
pression in a schizophrenia brain cohort. Australian &
New Zealand Journal of Psychiatry. 2010;44(1):59-70.
DOI: 10.3109/00048670903393662.

. Hostiuc S., Rusu M.C., Manoiu V.S., Vrapciu A.D., Negoi I.,

Popescu M. V. Usefulness of ultrastructure studies for the esti-
mation of the postmortem interval. A systematic review. Rom.
J. Morphol. Embryol. 2017;58(2):377-384.

Kvastad L., Carlberg K., Larsson L., Villacampa E.G., Stuck-
ey A., Stenbeck L. et al. The spatial RNA integrity number
assay for in situ evaluation of transcriptome quality. Commu-
nications Biology. 2021;4(1):57. DOI: 10.1038/s42003-020-
01573-1.

Vennemann M., Koppelkamm A. mRNA profiling in foren-
sic genetics I: possibilities and limitations. Forensic Science
International. 2010;203(1-3):71-75. DOI: 10.1016/j.forsci-
int.2010.07.006.

Stan A.D., Ghose S., Gao X.M., Roberts R.C., Lewis-Amezc-
ua K., Hatanpaa K.J. et al. Human postmortem tissue: what
quality markers matter? Brain Research. 2006;1123(1):1-11.
DOI: 10.1016/j.brainres.2006.09.025.

Sobue S., Sakata K., Sekijima Y., Qiao S., Murate T., Ichi-
hara M. Characterization of gene expression profiling of
mouse tissues obtained during the postmortem interval. Ex-
perimental and Molecular Pathology. 2016; 100(3): 482-492.
DOI: 10.1016/j.yexmp.2016.05.007

Heimberger A.B., Crotty L.E., Archer G.E., McLendon R.E.,
Friedman A., Dranoff G. et al. Bone marrow-derived dendritic
cells pulsed with tumor homogenate induce immunity against
syngeneic intracerebral glioma. Journal of Neuroimmunology.
2020;103(1):16-25. DOI: 10.1016/s0165-5728(99)00172-1.

. Padhi B.K., Singh M., Rosales M., Pelletier G., Cakmak S.

A PCR-based quantitative assay for the evaluation of
mRNA integrity in rat samples. Biomolecular Detec-
tion and Quantification. 2018;15:18-23. DOI: 10.1016/j.
bdq.2018.02.001.

Fleige S., Pfaffl M.W. RNA integrity and the effect on the re-
al-time qRT-PCR performance. Molecular Aspects of Medicine.
2006;27(2-3):126-139. DOI: 10.1016/j.mam.2005. 12.003.

BionneteHb cM6UPCKO MeanLmHbl, 2024; 23 (4): 5-14 13



Buyko E.E., Perina E.A., Vasilchenko D.V. et al. Dynamic changes in rna integrity, gene expression, and tissue pathomorphology

Authors’ contribution

Buyko E.E. —review of literature, acquisition and interpretation of experimental data, drafting of the article. Perina E.A. — identification
of dynamic changes in RNA integrity, drafting of the article. Vasilchenko D.V. — carrying out of histologic studies. Tsydenova [.A. —
carrying out of molecular biology studies. Khmelevskaya E.S. — collection of biological material. Ufandeev A.A. — statistical processing of
the data. Kaidash O.A. — coordination of sample collection for the comprehensive assessment of parameters of the molecular biology study.
Ivanov V.V. — conception and design, coordination of the study, drafting of the article, final approval of the manuscript for publication.
Vtorushin S.V. — carrying out of the experiment, analysis and interpretation of the data. Udut E.V. — coordination of the study, final
approval of the manuscript for publication.

Authors’ information

Buyko Evgeny E. — Junior Researcher, Central Research Laboratory, Siberian State Medical University, Tomsk, buykoevgen@
yandex.ru, ORCID: 0000-0002-6714-1938

Perina Ekaterina A.— Junior Researcher, Center for Preclinical Trials, Central Research Laboratory, Siberian State Medical University,
Tomsk, catherineperina@gmail.com, ORCID: 0000-0002-4273-8228, +7-923-410-91-53

Vasilchenko Dmitry V. — Cand. Sci. (Med.), Leading Researcher, Central Research Laboratory, Siberian State Medical University,
Tomsk, vasilchenkodmitry1991@gmail.com, ORCID:0000-0002-9780-0770

Tsydenova Irina A. — Laboratory Assistant, Center for Preclinical Trials, Central Research Laboratory, Siberian State Medical
University, Tomsk, tsydenova422@gmail.com, ORCID: 0000-0002-2716-3075

Khmelevskaya Ekaterina S. — Cand. Sci. (Med.), Researcher, Center for Biological Research and Bioengineering, Central Research
Laboratory, Siberian State Medical University, Tomsk, kat.hmelevsk@gmail.com, ORCID: 0000-0003-1776-4149

Ufandeev Alexander A. — Junior Researcher, Center for Preclinical Trials, Central Research Laboratory, Siberian State Medical
University, Tomsk, ufandeev(@gmail.com, ORCID: 0000-0002-3837-1179

Kaidash Olga A.— Senior Researcher, Center for Preclinical Trials, Central Research Laboratory, Siberian State Medical University,
Tomsk, kaidash 2011@mail.ru, ORCID: 0000-0001-8761-7537

Ivanov Vladimir V. - Cand. Sci. (Biology), Associate Professor, Head of the Center for Preclinical Trials, Central Research Laboratory,
Siberian State Medical University, Tomsk, ivanovvv1953@gmail.com, ORCID: 0000-0003-3326-729X

Vtorushin Sergey V. — Dr. Sci. (Med.), Professor, Professor of the Pathological Anatomy Division, Siberian State Medical University,
Tomsk, vtorushin.sv@ssmu.ru, ORCID:0000-0002-1195-4008

Udut Elena V. — Dr. Sci. (Med.), Professor of the Russian Academy of Sciences, Head of Central Research Laboratory, Siberian State
Medical University, Tomsk, udut.ev@ssmu.ru, ORCID: 0000-0002-6104-4782.

(<) Buyko Evgeny E., buykoevgen@yandex.ru
Received 30.05.2024;

approved after peer review 19.08.2024;
accepted 12.09.2024

14 Bulletin of Siberian Medicine. 2024; 23 (4): 5-14



