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Abstract

The Mayer-Rokitansky-Küster-Hauser (MRKH) syndrome is the second 
most common cause of primary amenorrhea, it is characterized by congenital 
hypoplasia of the uterus and the upper part of the vagina. The incidence of 
MRKH syndrome has been estimated as 1 in 4500 women [1]. Most of the 
studies suggest that MRKH syndrome has been considered as a genetic 
disease, and genes such as the HOXA7, HOXA9-13, HOXD9-13, and WNT4 
have been considered as possible offenders [2].

Malignancies of ovaries, uterus and renal were reported in association with 
this syndrome [3-5]. Here we are reporting the first case of MRKHS associated 
with AML in literature.
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Introduction
Mayer-Rokitansky-Kuster-Hauser syndrome is characterized 

by congenital aplasia of the uterus and the upper two thirds of the 
vagina in women showing normal developmental of secondary 
sexual characteristics, normal ovarian function and normal 46, XX 
karyotype [1]. Type one is the isolated form [6]. The second one (type 
II) is an atypical syndrome, with the presence of asymmetric uterine 
remnants and abnormal uterine tubes. Such syndrome type may be 
associated with ovarian disease, congenital renal, bone abnormalities 
and hearing defects. A third one, the so called MURCS type, 
involves uterovaginal hypoplasia or aplasia, renal, bone and cardiac 
malformations [1,7]. The extent of vaginal aplasia varies, ranging 
from virtually absent to virtually inconsequential. MRKH syndrome 
usually remains undetected until the patient presents with primary 
amenorrhea despite normal female sexual development. MRKH 
syndrome is the second most common cause of primary amenorrhea 
[1].

Cases of ovarian, uterine and renal cell carcinoma were reported 
in association with MRKH [3-5]. However, MRKH has never 
been previously described to be associated with AML. Here we 
are presenting a case of 21 year old Caucasian female with MRKH 
syndrome found to have AML- M2 with t (6;9).

Case Report
A 21-year-old single female presented to King Hussein cancer 

center after being diagnosed with Acute Myeloid Leukemia outside 
the center, she was accidently found to be anemic during routine 
blood work to investigate sparse scalp hair, otherwise she was 
asymptomatic. Complete blood count showed thrombocytopenia, 
platelets of 89,000/µl and anemia Hgb of 8.5g/dl, WBC 11.9×10 /µl,. 
Blood film revealed numerous blasts in peripheral blood with giant 
platelets, kidney function, liver function and coagulation tests were 
all within normal range. In the light of these results  bone marrow 
biopsy was done and showedhypercellular for age. The estimate M:E 
ratio is 8:1. Infiltration of bone marrow with 26% blasts (Figure 1). 
Flowcytmetry showed myeloblasts which expresses CD34, CD 117, 
CD33, CD13, CD38, CD58, HLA-DR and cMPO.
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Upon evaluation and counseling for fertility preservation, she 
gave a history of primary amenorrhea, which was first investigated 
at age of 16 years and was diagnosed with MRKHS Type 1. Pelvic 
ultrasound showed that the uterus is hardly seen and appears 
hypoplastic, both ovaries were prominent in size with dominant 
follicle in the right ovary, pelvic MRI showed there was marked 
uterine hypoplasia with hypoplastic vagina, the endometrium was 
not visualized the urinary bladder was normal, both ovaries appear 
unremarkable, there was marked uterine hypoplasia with hypoplastic 
vagina, the endometrium was not visualized (Figure 1). Reproductive 
hormones levels FSH: 3.43mIU/mL (0.3 to 10.0 IU/L), LH: 7.2IU/L 
follicular phase of the menstrual cycle: 1.9 to 12.5 IU/L. women at 
the peak of the menstrual cycle: 8.7 to 76.3 IU/L. women in the luteal 
phase of the menstrual cycle: 0.5 to 16.9 IU/L and total testosterone 
was 0.241 15 to 70 ng/dL.

Regarding her family history, her parents are first cousins to each 
other. She has 4 aunts, three of them are infertile; one was recently 
diagnosed with endometrial cancer and the other was diagnosed with 
endometriosis. None of them has primary or secondary amenorrhea 
as well as MRKHS. Her father’s aunt had primary amenorrhea but 
passed away without definitive diagnosis, she had no family history of 
acute leukemia or hematological disorders.

Cytogenetics examination 46, XX, t (6;9)  (p22;q34) (Figure 3), 
Fluorescent in Situ Hybridization (FISH) examination was negative 
for t (8;21), FLT3 mutation by Polymerase Chain Reaction (PCR)was 
negative.

She received 7+3 induction (standard-dose cytarabine, and 3 days 
of an anthracycline) on 9/11/2017, which was followed by uneventful 
course and she achieved complete remission morphologically on 
29/11/2018. then she was consolidated with 2 cycles of High dose 
Ara-C, Human Leukocyte Antigen (HLA) typing showed no fully 
matched related donor, so she underwent Haploidentical Allogenic 
Stem cell Transplant from her sister on 12/03/2018, bone marrow 
biopsy on D+30 after transplant was in complete remission, chimerism 
was 94%, her post-transplant course was uneventful except for CMV 
reactivation and was treated with Ganciclovir, she is still under follow 
up by transplant team.
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Discussion
Acute Myeloid Leukemia (AML) is characterized by the clonal 

proliferation of hematopoietic stem or progenitor cells and results 
in a failure of normal hematopoiesis [PubMed: 20008237]. AML 
properties such as self-renewal, apoptosis-resistance, and failure 
of cell differentiation, is mediated in some cases by aberrant fusion 
proteins [PML-RARα, AML1–ETO, inv(16), t(1:14)] and, in others 
by proliferation signals driven by mutated genes, e.g. FLT3-ITD and 
NPM1 [9]. Wingless-Type (WNT) pathway on the other hand is 
implicated as key component of hematopoietic events during early 
embryogenesis [10], with role in determining cell fate, proliferation, 
migration, polarity, and gene expression [11]. WNT family genes 
appear to signal mainly through the canonical Wnt/β-catenin 
pathway, including the WNT-4 gene [12]. The dysregulation of WNT 
canonical pathway is tightly linked to expression of AML patients [13]. 
WNT4 expression was also shown to be strongly reduced in leukemic 
cell lines, and in blast cells derived from patients with leukemia, 
relative to the expression in healthy individuals’ mature blood 
cells [14]. Disturbance of WNT signaling is linked to many human 
disorders, including birth defects and cancers. Epigenetic regulation 
of the WNT pathway was predictive to relapse in a subgroup of AML 
patients too [15]. From the above, it is clear WNT signaling is central 
to AML pathogenesis.

Mayer Rokitansky Kuster Hauser (MRKH) syndrome, also 

known as Müllerian agenesis, is the second most common cause of 
primary amenorrhea, characterized by congenital absence of major 
female sex organs including the uterus, cervix, and the upper part of 
the vagina in otherwise kayotipically normal females (46, XX) [16]. 
MRKH syndrome incidence is about 1/4, 500- newborn females [1]. 
It is clinically heterogeneous and can be divided into two subtypes: 
MRKH type 1, in which only the upper vagina, cervix and the uterus 
are affected; MRKH type 2 however is characterized by additional 
abnormalities affecting both renal and skeletal systems [7]. MRKH 
syndrome is mostly sporadic, but can be heritable in some cases, 
with an autosomal dominant inheritance pattern, with incomplete 
penetrance and variable expressivity [17]. Genes such as the HOXA7, 
HOXA9-13, HOXD9-13 and WNT4 have role in embryonic origin 
of the female reproductive tract [18-20]. Genomic rearrangements 
had been also identified in MRKH-affected patients, which was also 
confirmed in mouse animal models [21]. Nevertheless, WNT4 has 
been the most associated gene with MRKH in several reports on 
human subjects. WNT4 is critical for the development of the female 
reproductive tract. Mutated WNT4 was reported to be associated 
with Müllerian-Duct regression and virilization in an otherwise 
cytogenetically normal woman (46, XX) [22]. Mutations in WNT4 
leading to Loss-of-function in WNT4 have been identified in 46, XX 
females as well, with Mullerian duct abnormalities and androgen 
excess [23].

The patient we reporting here, presented clinically with a classical 
type I MRKH. Considering she is a daughter to a consanguineous 
marriage, with multigenerational amenorrheic relative females, 
we like to speculate her condition is a heritable one. In addition, 
the unusual combination of this MRKH syndrome with AML is 
very surprising and deserves further critical clinical and molecular 
characterization. While it would be possible to tackle a small set of 
candidate genes including the ones cited above, it would be perhaps 
more inclusive to conduct whole exome sequencing on this patients 
with hope the genetic defect(s) underlying these two independent 
clinical presentations is/are discovered, which we shall pursue as 
follow-up on this patient.

Conclusion
This the first  case in literature to report the occurrence Acute 

myeloid leukemia  in Mayer RokitanskyKuster Hauser (MRKH) 

Figure 1: Wright-Giemsa stain of bone marrow aspirate (100 X) showing 
at least three myeloblasts. These blasts are large in size, have nuclei with 
open chromatin, multiple nucleoli, and moderate amounts of finely granular 
cytoplasm. The remaining myeloid cells show different stages of maturation. 
Myeloblasts in this marrow represented 26% of cells.

Figure 2: (a). T2WI Sagital Pelvic MRI showing the hypoplastic uterus and 
Vagina. (b) Axial High Resolution T2WI showing the hypoplastic uterus. (c) 
High Resolution Coronal T2WI showing both ovaries. (d) Pelvic Ultrasound 
showing the hypoplastic uterus.

Figure 3: Representative karyotype demonstrating the translocation between 
6p22 and 9q34. Arrows point to the derivative chromosomes 6 and 9.
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syndrome, WNT4 has been the most associated gene with MRKH 
,Wingless-Type (WNT) pathway on the other hand is implicated as 
key component of hematopoietic events during early embryogenesis, 
in addition it is dysregulated in AML cells.

Consent: Consent has been taken from the patient.

Disclaimer: The abstract has not been previously presented or 
published in any conference. The manuscript was not part of any 
research, PhD or thesis project.
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