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ABSTRACT

Assisted reproductive technologies are now widely available, and the demand for this type of medical service is growing,
necessitating legal control in compliance with the legislation of the Russian Federation.

This publication was prompted by criminal investigations conducted by the Investigative Committee of Russia, which
commissioned expert examinations to determine the genetic relationship between a surrogate mother and the child she
delivered. The article presents a novel methodology for effectively addressing challenging forensic tasks related to determining
a newborn'’s biological origin.

Three expert examinations used paraffin-embedded blocks and histological sections of placental tissue, along with reference
samples of buccal epithelial cells and blood. Microscopic examination of the histological sections was performed to identify
placental components.

Molecular genetic techniques were used to identify maternal and fetal DNA in the provided biological samples,
as well as for comparative analysis. These included DNA extraction and quantification, real-time polymerase chain reaction,
electrophoretic separation of amplification products, and subsequent analysis.

The examinations made it possible to localize and label the maternal and fetal parts of the placenta within the histological
blocks. The children’s blood samples and the surrogate mothers’ buccal epithelial cells were genotyped, and genetic profiles
of the labeled samples were determined.

In one of the three cases studied, a comparison of the obtained genotypes revealed a discrepancy between the genetic profiles
of the child's blood and the fetal part of the placenta. In the other two cases, the genetic profiles were confirmed to be identical.
This observation underscores the importance of utilizing placental tissue to avoid erroneous conclusions when establishing
maternity in cases involving surrogate mothers. This approach allows the experts to confirm that a specific infant was actually
born by the surrogate mother in question.
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AHHOTALLUA

AKTyanbHOCTb NpefCcTaBNeHHON CTaTbi 00YCOBMEHA LUMPOKOM AOCTYMHOCTbIO BCMOMOraTeslbHbIX PenpoayKTUBHBIX TEXHO-
NOTWUA U BO3PACTaloOLLMM CMPOCOM Ha AaHHbIA BU, MELULMHCKMX YCNYr, B TOM YKCiie C Y4ETOM HeobX0AMMOCTU NpaBoBOro
PerysMpoBaHmus X NpUMEHEHNs! B COOTBETCTBMM C 3aKOHOZaTeNbCTBOM Poccuiickoii Pepepaumm.

MoBofOM NSt HAaNMCaHWA AaHHOW NYBNMKALMK CTann YrofioBHbIe AeNa, paccneayeMble CneacTBeHHbIM KoMuTeToM Poccui-
cKoii Oefiepaumy, B paMKax KOTOPbIX Ha3HAUYMNM IKCMEPTU3bI N0 YCTAHOBNIEHWIO FEHETUYECKOro POACTBa MeXay CypporaT-
HOW MaTepblo U POXAEHHBIM eto pebeHKoM. B cTaTbe nNpeAcTaBneH OpUrMHaAbHbIA METOAMYECKWUIA NOAXOA, MO3BOAKLLMA
3¢ dEKTUBHO peLuaTb CNOMHbBIE KCMEPTHblE 3a[a4u, CBA3AHHLIE C ONPeAeNeHneM OMONIOrMYECKOro NPOUCXOMOEHUS HOBO-
POXKAEHHOTO.

Mpu NpoBeAeHMM TPEX IKCMEPTU3 UCMOb30BaIN NapapuHOBbIe BIIOKM W TUCTONOMMYECKME CPE3bI MITALLEHT, a TaKKe CPaBHM-
TeNbHble 06pasLbl BYKKaNbHOro 3aNUTennsa U KPoBU. MUKpOCKONMYECKoe UCCrief0BaHNe TUCTOIONMYECKUX CPE30B NPOBOAMIM
C LeNbio onpeaeneHns NoKanu3aLmMm YacTei niaLeHT.

Ina npentuduraumm OHK mMatepu v peb€HKa B npefocTaBneHHbIX BUONOrMYECKUX 00bEKTAX, a TaKKE LA CPABHUTENIBHOMO
aHanM3a NPUMEHANN MOJEKYNSPHO-FeHETUYECKUEe MeTO/bl MCCNEeA0BaHMA: BbiaeneHne 1 onpefesieHne KoHueHTpauuu OHK,
MPOBeJiEHME MOSIMMEPA3HOM LEMHOM peaKkuun B PeXuMe peasibHoro BpeMeHW, 3neKTpodopeTnyeckoe (GpaKLMOHMpOBaHUE
MPOAYKTOB aMNIUGUKaLMK M UX [aNbHENLNA aHanms.

B pesynbTaTe BbINOSHEHHbIX MCCNIEA0BaHMIA ONpeeNeHo pacnosioKeHne B rMCTONOTMYECKMX BIOKax MaTepUHCKOM M Nnoa-
HOM yYacTell MnawleHT, NpoBefeHa MX MapKupoBKa. lonyyeHbl reHoTMMbl 06pa3LoB KPOBK feTel U ByKKanbHOro anuTenus
CYpPpOraTHbIX MaTepen, a TaKKe reHeTUYecKue NpoduIM NPOMapPKUPOBaHHBIX 00BEKTOB.

CpaBHUTENbHBIA aHaNM3 YCTAHOBNEHHbIX FEHOTUMOB MOKa3as, YTo B OAHOM U3 TPEX paccMaTpuUBaeMbIX ClyyaeB 06HapYXeHo
HEeCOOTBETCTBUE reHeTUYECKMX Npoduneii B 0bpa3Lie KpoBu pebEHKa W B NIOLHOM YacTu NAaLleHTbl. B ABYX apyrux cnyyasx
3admMKcMpoBaHa TOXAECTBEHHOCTb aHANOMMYHBIX UCCesyeMbIX Npoduen.

[laHHoe HabnopeHWe NOAYEPKMBAET 3HAYMMOCTb MUCMONb30BaHUA TKaHel MnaleHTbl BO M3bexaHue OWMOOYHbLIX BbIBOAOB
B YCTaHOBJ/IEHWM POACTBA C CYppOraTHOM MaTepblo, NO3BONAOLLEE IKCMEPTY NOATBEPAUTb, YTO KOHKPETHLIA MNafeHel, po-
XOEH AAHHOM MEHLUMHOM B YKa3aHHbIX pofax.

KnioueBble cnoBa: MoneKkynspHo-reHeTMYECKOE MCCNef0BaHWe; CYpporaTHoe MaTepuHCTBO; CypporaTHas MaTb; MnaLeHTa;
rucronormyeckue 6oku; napaduHoBble 6OKK; KITMHUYECKWUI CIyYail.
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INTRODUCTION

Every year, the number of children born
via surrogacy increases worldwide.' This can be explained
by the growing interest in starting a family among those
with various types of infertility. Improved quality and availability
of reproductive medicine, embryology, and pharmacology,
along with advancements in clinical laboratory tests
and the widespread use of assisted reproductive technology,
including in vitro fertilization (IVF), also play a role [1].

Russia actively promotes medical tourism for foreign
citizens. Reproductive medicine centers provide services
to individuals with infertility from foreign countries where
certain techniques, such as surrogacy, are unavailable
or illegal [2]. For example, Chinese patients actively use
these services. IVF and other types of assisted reproductive
technology are not prohibited in China; however, their
regulation has not been formalized [3].

There are two types of surrogacy based on the source
of the oocyte used for fertilization. Conventional surrogacy
uses the surrogate mother’s oocyte, making her the child's
biological mother and providing a genetic relationship.
In gestational surrogacy, the implanted embryo is obtained
through donor oocyte fertilization; in these cases, the surrogate
mother and the child will not be genetically related [4].

In 1995, the D.0. Ott Research Institute of Obstetrics,
Gynecology, and Reproductology in St. Petersburg
implemented the first gestational surrogacy program,? which
is the only type of surrogacy approved in Russia. The legal
framework for surrogacy was established in 2011-2013.34%

From the legal standpoint, surrogacy refers to childbearing
and delivery under a contract between the surrogate
mother who carries the child following donor embryo
implantation and the potential parents whose sex cells were
used for fertilization.” Cases where a surrogate mother
simultaneously acts as an oocyte donor (i.e., the newborn’s
biological mother) and then transfers the child to other persons
for remuneration under the pretense of a surrogacy program
can be classified as illegal. Such cases are considered
as a transaction to buy and sell a person (a newborn).*

This highlights the relevance of establishing a genetic
relationship between a surrogate mother and the child she
delivered, given the increasingly strict regulation of surrogacy.

Vol. 11 (2) 2025

Russian Journal of Forensic Medicine

The absence of a common mixed blood flow in the placenta
and its separation into fetal and maternal components allows
obtaining individual genetic profiles that unequivocally prove
a woman’s biological relationship with the child she gave
birth to [5].

This work presents three cases that demonstrate
challenges in expert evaluation when using different
biological materials as reference samples.

Case Description

The article discusses three cases of forensic molecular
genetic examination conducted in 2023-2024, which were
initiated by Russia’s Investigative Committee.

Several years ago, IVF procedures involving foreign
citizens as sperm donors were performed in St. Petershurg.
The children were subsequently adopted by their biological
parents and relocated to other countries. The investigators
argued that the newborns were biological children of women
who carried them (i.e., surrogate mothers), which may
constitute a violation of the existing Russian legislation.
As a result, criminal cases were launched, and genetic
examinations were performed to establish the relationship
between surrogate mothers and the children they delivered.

Forensic Examinations

In Russia, blood samples are collected from newborns
to test for genetic abnormalities. Furthermore, placenta
and umbilical cord samples are taken for histopathological
examinations to detect intrauterine abnormalities.® These
biological samples are retained for some time and can be
used for molecular genetic testing.

« The following was provided for the forensic examinations
in question:

« Three samples of buccal epithelium obtained
from surrogate mothers K., E., and D. during the preliminary
investigation;

 Three blood samples from newborns, which were dried
on special filter cards;

Paraffin blocks with placenta samples from surrogate
mothers K., E., and D. obtained after delivery.

To enable an objective examination with clear conclusions,
the histopathological analysis involved establishing

! Preliminary Document No. 10 of March 2012 for the Attention of the Council of April 2012 on General Affairs and Policy of the Conference [Internet].
Hague: Permanent Bureau of the Hague Conference on Private International Law, 2012-2024. Available at: https://assets.hcch.net/docs/. Accessed on:

December 10, 2024.

ZSurrogacy in Russia [Internet]. In: Wikipedia. 2022—. Available at: https://ru.wikipedia.org/wiki/. Accessed on: December 10, 2024.

3 Order of the Ministry of Health of the Russian Federation No. 107n of August 30, 2012, On the Use of Assisted Reproductive Technology,
Contraindications, and Limitations (annulled). Available at: https://base.garant.ru/70318364/. Accessed on: December 10, 2024.

“ Federal Law of the Russian Federation No. 323-FZ of November 21, 2011, On Fundamental Healthcare Principles in the Russian Federation. Available at:
http://www.rosminzdrav.ru/documents/7025-federalnyy-zakon-323-fz-ot-21-noyabrya-2011-g. Accessed on: December 10, 2024.

5 Order of the Ministry of Health of the Russian Federation No. 803n, On the Use of Assisted Reproductive Technology, Contraindications, and Limitations.
Available at: https://www.garant.ru/products/ipo/prime/doc/74676088/. Accessed on: December 10, 2024.

¢ Order of the Ministry of Health of the Russian Federation No. 274n of April 21, 2022, On Approval of the Procedure for Medical Care in Patients With
Congenital and/or Hereditary Disorders. Available at: https://base.garant.ru/404987183/. Accessed on: December 10, 2024.
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the position of maternal and fetal fragments in paraffin blocks
with placenta samples and labeling them.

During the histopathological examination, the provided
paraffin blocks were used to prepare serial sections on a Leica
SM2000R" sliding microtome (Leica Biosystems, Germany).
The sections were stained with hematoxylin and eosin using
a Leica ST5010° autostainer (Leica Biosystems, Germany).
During microscopy, the maternal and fetal portions
of the placenta were labeled.

During molecular genetic testing, DNA was isolated
from paraffin blocks using the Thermo Scientific® GeneJET
FFPE DNA Purification Kit (Thermo Fisher Scientific
Baltics UAB, Lithuania), as well as from buccal epithelium
of surrogate mothers K., E., and D. and blood samples
of the children using 5% Chelex-100 suspension (Bio-Rad,
USA).

The template activity of DNA samples was assessed
by polymerase chain reaction using the Quantifiler TRIO
DNA Quantification Kit® (Applied Biosystems, USA)
on a QuantStudio® 5 System amplifier (Applied Biosystems,
USA) with the HID Real-Time PCR Analysis Software v1.3
(Applied Biosystems, USA).

Chromosomal DNA genotyping was performed using
the COrDIS Expert 26° reagent kit for a multiplex assay
of 26 human DNA markers (Gordiz, Russia). The kit
includes 22 pairs of autosomal loci, sex-specific loci SRY,
Yindel, and DYS391, and a segment of the amelogenin
gene on chromosomes X and Y. GeneMapper® ID Software
v3.2 and ID-X v1.6 (Applied Biosystems, USA) were used
for the analysis.

Molecular Genetic Testing Findings

Total cellular DNA was isolated from biological samples
(histological blocks) of the maternal and fetal portions
of the placenta from surrogate mothers K., E., and D.

Vol. 11 (2) 2025
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according to the labeling of histological sections (Fig. 1),
as well as from buccal epithelium samples of surrogate
mothers K., E., and D. and blood samples of the children.
The DNA was examined using identifying molecular genetic
systems based on chromosomal DNA amplified fragment
length polymorphism (AFLP). Furthermore, a comparative
assessment of these samples was performed.

Male and female sex was reported for two and one
genetic profile of the fetal portion of the placenta, respectively.
Alleles absent in the genotypes of surrogate mothers K., E.,
and D. were identified based on short tandem repeat (STR)
loci, indicating that they originated from other women (i.e.,
biological mothers of the newborns). Therefore, surrogate
mothers K., E., and D. were ruled out as biological mothers
of children whose fetal portions of the placenta were
examined. The analysis confirmed that other women were
the biological mothers of the newborns whose genetic
material was identified in fetal portions of the placenta
from surrogate mothers K., E., and D.

Each sample of the DNA isolated from maternal portions
of the placenta from surrogate mothers K. and E. is a mixture
of two individual DNAs (male and female).

Furthermore, the genetic profile of the maternal portion
of the placenta from surrogate mother D. was completely
identical to the AFLP profile of her buccal epithelium sample.

The analysis of autosomal genetic characteristics revealed
that maternal portions of the placenta from surrogate
mothers K. and E. may contain the genetic material of these
surrogate mothers and a male individual (newborn), whose
genetic material is present in the fetal portion of the placenta
from surrogate mothers K. and E., respectively.

The genetic profiles of blood samples from children born
from surrogate mothers E. and D. were completely identical
to the genotypes identified in fetal portions of the respective
placenta samples.

Fig. 1. Positions of labeled objects: a, on a paraffin block with placenta tissues; b, on a histological section (hematoxylin and eosin
staining): 1, fetal portion of the placenta; 2, maternal portion of the placenta.

DOl https://doi.org/10.17816/fm 16228

170



171

CASE REPORT

The genetic profile of the fetal portion of the placenta
from surrogate mother D. contains an individual female DNA.
Alleles absent in the genotype of surrogate mother D. were
identified based on STR loci, indicating that they originated
from other women (i.e., the biological mother of the newborn).
Therefore, surrogate mother D. was ruled out as the biological
mother of the child she delivered. Furthermore, the genetic
profile of the maternal portion of the placenta from surrogate
mother D. was completely identical to the AFLP profile of her
buccal epithelium sample. In this case, the genetic profile
of the provided child’s blood sample is completely identical
to the genotype found in the fetal portion of the placenta
from surrogate mother D.

The genetic profile of the fetal portion of the placenta
from surrogate mother E. contained an individual female
DNA. Alleles absent in the genotype of surrogate mother E.
were identified based on STR loci, indicating that they
originated from other women (i.e., the hiological mother
of the newborn). Therefore, surrogate mother E. was ruled out

Vol. 11 (2) 2025
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as the biological mother of the child she delivered. The DNA
sample isolated from the maternal portion of the placenta
from surrogate mother E. is a mixture of two individual
DNAs (male and female). The genetic testing revealed that
this mixture may contain the genetic material of surrogate
mother E. and a male individual (newborn), whose genetic
material is present in the fetal portion of the placenta
from surrogate mother E. In this case, the genetic profile
of the provided child’s blood sample is completely identical
to the genotype found in the fetal portion of the placenta.

The genetic profiles of blood samples from children
born from surrogate mothers E. and D., respectively, were
completely identical to the genotypes identified in fetal
portions of the respective placenta samples.

The allele combinations identified in DNA samples isolated
from paraffin blocks of placenta tissues from surrogate
mothers D. and E., as well as from buccal epithelium
samples of surrogate mothers D. and E. and blood samples
of the children, are presented in Tables 1 and 2, respectively.

Table 1. Genotypic allele combinations of DNA profiles based on amplified fragment length polymorphism identified during biological

material examinations (surrogate mother D.)

Objects
Locus Buccal epithelium sample, surrogate mother D. | Maternal portion of the placenta | Fetal portion of the placenta | Child’s blood sample

AMEL XX XX XX XX
SRY — — — —
D351358 1417 14.17 1718 1718
THOT 993 993 8.9 8.9
D12S39N 1718 1718 18.20 18.20
D5S818 12.13 12.13 0.1 0.1
TPOX 0.1 10.11 8.9 8.9
Yindel — — — —
D2S441 11.14 .14 11 nn
D75820 9.10 9.10 8.1 8.1
D13S317 1.13 1113 8.11 8.1
FGA 23.24 23.24 19.23 1923
D22S1045 12.15 12.15 15.16 15.16
D18S51 15.18 15.18 1720 1720
D16S539 1.12 1n.12 9.13 9.13
D8s1179 12.16 12.16 1.13 1.13
CSF1PO 0.1 0.1 .12 .12
D6S1043 1.12 112 11.12 1.12
VWA 14.16 14.16 16.17 16.17
D21SN 2728 2128 2929 2929
SE33 16.23.2 16.23.2 19.23.2 19.23.2
D10S1248 13.16 13.16 13.14 13.14
D1S1656 15.3.16.3 15.3.16.3 13.15.3 13.15.3
D19S433 16.16 16.16 13.14 13.14
D251338 1720 1720 1718 1718
DYS391 — — — —

DOI: https.//doi.org/10.17816/fm16228
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Table 2. Genotypic allele combinations of DNA profiles based on amplified fragment length polymorphism identified during biological

material examinations (surrogate mother E.)

Objects

Locus Buccal epithelium sample, surrogate mother D. | Maternal portion of the placenta | Fetal portion of the placenta | Child’s blood sample
AMEL XX XY XY XY
SRY — + + +
D351358 15.17 15.16.17.18 16.18 16.18
THO1 6.93 6.7993 79 79
D12S391 18.19 18.19.20 20.20 20.20
D5S818 nn 11.12 1n.12 1n.12
TPOX 8. CRAL 8.* 8.9
Yindel — 1 1 1
D2S441 nn3 nn3 1A nn
D75820 910 8.9.10.11 8.1 8.1
D13S317 n.13 8.11.13 8.1 8.1
FGA 22.25 19.22.25 1923 1923
D22S1045 15.16 15.16 15.16 15.16
D18S51 14.18 14.15.18 14.15 14.15
D16S539 Al 9n.a2 9.12 9.12
D8s1179 13.15 13.15 13.15 13.15
CSF1PO 0.1 0.1 1n.12 .12
D6S1043 12.20 20* 12 12.20
VWA 14.16 14.16.17 16.17 16.17
D21S11 30302 29.30.30.2.32.2 29322 29322
SE33 1734.2 14.17272.34.2 14.272 14.212
D10S1248 12.13 12.13.14.15 14.15 14.15
D1S1656 13.173 13.173.18.3 13.18.3 13.18.3
D19S433 13.16 13.14.16 13.14 13.14
D251338 13.18 13.18 1718 1718
DYS391 — — 1 n

Note. *, any allele of this locus.

The genetic profile of the fetal portion of the placenta
from surrogate mother K. contains an individual male DNA.
Alleles absent in the genotype of surrogate mother K. were
identified based on STR loci, indicating that they originated
from other women (i.e., the biological mother of the newborn).
Therefore, surrogate mother K. was ruled out as the biological
mother of the child she delivered. The DNA sample isolated
from the maternal portion of the placenta from surrogate
mother K. is a mixture of two individual DNAs (male
and female). The genetic testing revealed that this mixture
may contain the genetic material of surrogate mother K.
and a male individual (newborn), whose genetic material
is present in the fetal portion of the placenta from surrogate
mother K.

However, the DNA isolated from the blood sample
of the child presumably born from surrogate mother K.
was female, which contradicts the examination concept.
A comparison between the genotype identified in the provided

DOI: https.//doi.org/10.17816/fm16228

child’s blood sample and the AFLP DNK profile of the fetal
portion of the placenta from surrogate mother K. showed
mismatching genetic traits. Therefore, the genetic material
in the placenta from surrogate mother K. and the provided
child’s blood sample is from different persons. Thus, the blood
sample does not belong to the child delivered by surrogate
mother K.

The allele combinations identified in DNA samples isolated
from paraffin blocks of placenta tissues from surrogate
mother K., as well as from buccal epithelium samples
of surrogate mother K. and blood samples of the child, are
presented in Table 3.

DISCUSSION

This molecular genetic examination of placenta tissues
can confirm or rule out the biological relationship in order
to meet the legal requirements for surrogacy. The fetal
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Table 3. Genotypic allele combinations of DNA profiles based on amplified fragment length polymorphism identified during biological

material examinations (surrogate mother K.)

Objects
Locus Buccal epithelium sample, surrogate mother D. | Maternal portion of the placenta | Fetal portion of the placenta | Child’s blood sample

AMEL XX XY XY XX
SRY — + + —
D351358 15.17 15.17 15.17 15.15
THO1 93.93 7993 79 6.7
D12S391 18.22 18.22.23 18.23 19.23
D5S818 12.13 12.13 12.13 1n.12
TPOX 8.8 8.8 CAl 8.8
Yindel — 2 2 —
D2S441 13.14 13.4 14.14 10.13
D75820 910 9.10.11 10.1 910
D13S317 99 9.12 12.12 1n.12
FGA 19.21 18.19.21.24 18.24 21.24
D2251045 .16 .16 .16 15.16
D18S51 15.16 15.16.17 16.17 14.15
D16S539 12.13 8.10.12.13 8.10 12.12
D8s1179 13.14 9.13.14 9.13 13.13
CSF1PO 10.10 10.11.12 12.12 Al
D6S1043 n.17 n.13.17 n.13 12.19
VWA 18.20 16.18.19.20 16.19 1717
D21SM 29312 2829312 28312 28302
SE33 212.292 22.2.21272.292 22.2.27 15.21
D10S1248 14.15 14.15.16 14.16 13.15
D1S1656 12.17 1n.12.17 n.12 12.173
D19S433 13.15 13.14.14.2.15 14.14.2 13.14
D251338 25.25 23.25 23.23 18.24
DYS391 — 10 10 —

and maternal portions of the placenta contain the material
of genetically unrelated individuals (in gestational surrogacy).
However, placenta samples must be used in molecular
genetic testing to confirm that a surrogate mother delivered
a particular child. Alleles that differ from the surrogate
mother’s genetic traits were identified in the fetal and maternal
portions of the placenta, indicating that they may have
originated from the biological mother. The use of placenta
tissues as samples of the newborn’s biological materials
confirms that the surrogate mother is not biologically related
to the child. This child was born from a particular surrogate
mother; however, despite the genetic differences, they are not
biologically related.

Molecular genetic testing of placenta samples allows
confirming the source of the paraffin-embedded biological
material, enabling the expert to confirm that the child was
born from this particular woman.

Furthermore, a comparison with a sample from a person
who is not directly related to the surrogate mother will rule her
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out as the biological mother. This could lead the investigators
to erroneous conclusions.

The presented case highlights the importance of ruling
out errors (including human errors, deliberate substitution
of a sample, etc.) when establishing the genetic relationship
using placenta tissues as reference samples. Notably, such
cases have not previously been addressed in scientific
publications.

CONCLUSION

All three cases rule out surrogate mothers as biological
mothers of the children they delivered, which meets
the requirement of Russian legislation. However, one of these
cases demonstrates mismatching DNA profiles of the provided
reference sample of the newborn and the true genotype
of the child delivered by this particular surrogate mother.

Therefore, paraffin-embedded placenta samples can be used
to rule out errors in establishing maternity in nonobvious cases.




CASE REPORT

The examinations allowed the investigators to determine
the true origin of the children relocated from Russia
by biological parents who adopted them, as well as rule out
any violations of legislation by surrogate mothers.
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