
Summary. There is increasing interest in understanding 
the tissue biology of human amniotic membrane (hAM) 
given its applications in medicine. One cellular 
component is mesenchymal cells, which can be 
extracted, cultured and differentiated "in vitro" into 
various cell types. These studies show that there is 
heterogeneity among mesenchymal cells. The aim of this 
work is to study the membrane "in situ" to determine 
whether this cellular heterogeneity exists. The hAMs 
were obtained from caesarean deliveries at term and 
analyzed by histological techniques. Types I-III 
mesenchymal cells and Hofbauer were distinguished by 
light microscopy. Histochemically, mesenchymal cell 
types showed successively increasing positivity to: PAS, 
vimentin, fibronectin, and Concanavalin-A; VGEF, 
TGF-β2, PDGF-C, FGF-2. By the semiquantitative point 
of view, the percentage of Type II cells was 60%, 
significantly higher than the other types. With 
transmission electron microscopy, an intermediate cell 
type between II-III was observed. Strong vesiculation of 
the rough endoplasmic reticulum (RER) with exocytosis 
was observed. In addition, an accumulation of a similar 
material to the extracellular matrix in the RER caused its 
dilation especially in type IIITEM cells. Some of this 
material acquired a globular structure. These structures 
were also found free in the extracellular matrix. In 
conclusion, the mesenchymal cells of the fibroblastic 
layer of the hAMs studied are heterogeneous, with some 
undifferentiated and others with a probably senescent 
fibroblastic phenotype with accumulation in their RER 
of fibronectin. These results may be of interest to extract 
mesenchymal cells from hAMs for use in regenerative 

medicine and to better understand the mechanisms of 
fetal membrane rupture. 
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Introduction 
 
      Human amniotic membrane (hAM) and chorion 
constitute the fetal placental membranes whose function 
is to provide a safe environment for embryonic 
development (Jones and Jauniaux, 1995; Kobayashi et 
al., 2009). The hAM has two known embryological 
origins: the amniotic epithelium, derived from the 
epiblast, and the mesenchymal stroma, derived from the 
hypoblast, which form the extraembryonic mesoderm 12 
days after fertilization (Parolini et al., 2008; Insausti et 
al., 2010). This histological structure has been 
extensively described (Toda et al., 2007; Insausti et al., 
2010) and is composed by two different tissue elements, 
the amniotic epithelium, and the extraembryonic 
mesoderm. This mesoderm is composed of a layer of 
extracellular matrix without cells called compact layer, a 
fibroblastic layer, and a spongy layer. The fibroblastic 
layer consists of an extracellular matrix with some 
collagen fibers and numerous mesenchymal cells, as 
well as some macrophagic cells (Hofbauer cells) 
(Fakonti et al., 2022). 
      In recent decades, advances in the understanding of 
the hAM have led to the development of therapeutic 
applications in the field of ophthalmology and in the 
healing of complex wounds such as diabetic ulcers, 
burns, etc (Toda et al., 2007). In particular, human 
amniotic membrane mesenchymal cells (hAMSC) have 
aroused interest for their application in regenerative 
medicine due to their immunogenic characteristics, their 
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high "in vitro" expansion capacity, their self-regenerative 
capacity and for being an easily accessible source of 
stem cells that avoids the major ethical problems 
associated with the use of stem cells of embryological 
origin (Toda et al., 2007; Sessarego et al., 2008; Insausti 
et al., 2010). A classic example of mesenchymal cell 
application from the amniotic membrane is its possible 
use in cardiac regeneration. Several studies have 
assessed the current evidence from preclinical 
investigations on the application of these cells in the 
treatment of ischemic cardiomyopathies, including 
myocardial ischemia and heart failure (Gorjipour et al., 
2021; Shen et al., 2021) 
      The isolation and culture of hAMSCs has revealed a 
great capacity to differentiate into cells of any lineage: 
ectodermal (neurons), mesodermal (cardiomyocytes, 
musculoskeletal cells, endothelial cells, etc.) and 
endodermal (pancreatic or hepatic cells) (Alviano et al., 
2007). Furthermore, it has been observed that hAMSCs 
acquired different morphological characteristics 
depending on the cell line to which they were 
differentiated "in vitro" (In ´t Anker et al., 2004; 
Portmann-Lanz et al., 2006). At the same time, it has 
been possible to determine that the self-regenerative 
capacity, the number of culture passages, the growth rate 
and the affinity to differentiate into certain cell types are 
influenced by the weeks of gestation at which they were 
obtained, although there is still no clear explanation for 
this relationship (In 't Anker et al., 2004; Portmann-Lanz 
et al., 2006). 
      Most of the knowledge about hAMSC cells that we 
have today dates back to the brief descriptions made in 
the middle of the last century on placentas from the first 
and second trimester of pregnancy. (Jones and Jauniaux, 
1995). More recent are the studies about these cells, "in 
vitro" even at an ultrastructural level (Pasquinelli et al., 
2007). However, there do not seem to be studies that 
histologically characterize these cells in hAM at term "in 
vivo". Doing so could be of interest as different types 
might be found in them that may be related to their 
viability for culture or their potential to differentiate in 
diverse tissues. These studies could also be of interest to 
better understand the changes that occur in fetal 
membranes during childbirth. 
      Just as there are changes at the molecular level in 
fetal membranes that indicate their maturation or 
senescence at the end of pregnancy (Behnia et al., 2015; 
Menon, 2016) and facilitate their rupture (Méhats et al., 
2011; Strauss, 2013), it is very likely that these changes 
also affect hAM cells. Therefore, it should be considered 
that specific signs and characteristics might be observed 
in the mesenchymal cell population related to the 
differentiation or senescent state assigned with fetal 
membranes at term. Consequently, with all of the above, 
our work has the following objectives: a) to characterize 
the mesenchymal cell population of the hAM of 
placentas at term by light and electron microscopy, b) to 
analyze and determine the frequency of the possible 
hAM cell types found and c) to perform 

immunohistochemistry of various markers proteins on 
these different types of mesenchymal cells that can 
correlate their morphological characteristics with 
different functionality. 
  
Materials and methods 
 
Acquisition of amniotic membrane 
 
      This study was approved by the local ethics 
committee (University Hospital Vírgen de la Arrixaca, 
Murcia, Spain), the Spanish Agency of Medicines and 
Medical Devices (AEMPS) and was conducted after 
obtaining written informed consent from the hAM 
donors. 
 
Processing and preparation of hAMs 
 
      Fetal membranes were obtained from healthy 
women (n=5) after uncomplicated cesarean sections 
between 37-40 weeks of pregnancy. Amniotic 
membrane sections were specifically collected from the 
peri-umbilical cord area. They were washed in 1,000mL 
of physiological saline solution (PSS), one part of the 
membrane was placed in paraformaldehyde (4%) for 8 
hours before being submitted to light microscopy study, 
and the other was used for transmission electron 
microscopy (TEM). The samples were dehydrated, 
immersed in toluene and embedded in Paraplas plus 
(Panreac, Quimica SA, Barcelona, Spain). Sections 5 
µm thick were stained with hematoxylin and eosin 
(H&E). 
 
Conventional carbohydrate techniques and lectin 
histochemistry 
 
      The sections were processed by PAS (Periodic Acid 
Schiff), Alcian Blue to pH=2.5 and pH=1; (AB pH=2.5) 
and (pH=1)) (Calvo et al., 1995). For lectin 
histochemistry, sections were deparaffinized and 
rehydrated through a series of decreasing concentrations 
of ethanol. After a brief rinse for 5 min in TBS (Tris 
buffered saline, pH 7.4), slides were incubated in a 
solution containing 0.3% H2O2 to block endogenous 
peroxidase activity. After 3 rinses in TBS, sections were 
incubated with HRP-lectins (PNA, Con-A, WGA) 
SIGMA (St. Louis MO, USA) at the appropriate dilution 
in a humidity chamber at room temperature for 1.5h. 
After washing in TBS, the sections were immersed in 
TBS containing 0.05% DAB and 0.3% H2O2 to 
demonstrate peroxidase-containing sites. The sections 
were then counterstained with Harris hematoxylin, 
dehydrated, cleared and mounted in DPX. To assess the 
specificity of lectin staining, the following controls were 
used: (1) preabsorption of the lectins with their 
corresponding inhibitory sugar at a concentration of 0.2 
M; and (2) substitution of the conjugated lectin by TBS 
to determine the presence of endogenous peroxidase 
activity (Pinart et al., 2001). 
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Immunohistochemistry 
 
      Different sections of amniotic membrane were 
deparaffinized and rehydrated and subsequently 
incubated overnight at 4°C with Santa Cruz antibodies, 
anti-VEGF [C-1] (sc-7269), anti-TGF-β2 [V] (sc-90), 
anti -PDGF-C [C-17] (sc-18228), anti-FGF-2 [147], (sc-
79), anti-TGF-β1 [TB21] (sc-52893), anti-Flg [C-15] 
(sc-121), anti-IGF-1 [H-70] (sc-9013), anti-fibronectin 
[C-20] (sc-6952), anti-HSP-47 [H-300] (sc- 8352), anti-
laminin β2 [H-300] (sc-20777), anti-connexin 43 [D-7] 
(sc-13558), anti-α-Actin [1A4] (sc-32251), and anti-
vimentin [ Dako Clone V9] (M 0725) in a solution 
containing TBS with 1% BSA. Subsequently, the 
sections were washed in PBS and incubated for 45 
minutes at room temperature with biotinylated goat anti-
rabbit antibodies (Chemicon International, AP1323), 
biotinylated rabbit anti-goat antibodies (Dako, 
Denmark), and biotinylated rabbit anti-mouse antibodies 
(Dako, Denmark) at concentrations of 1:200 in 1% PBS-
BSA. Subsequently, slides were incubated in straptavidin 
(Dako, Denmark) 1:300. The antibody-peroxidase 
complex was developed with 0.05% diaminobenzidine 
and 3% hydrogen peroxide. The specificity of the 
immunohistochemical techniques was confirmed in 
sections incubated with non-immune serum instead of 
the primary antibody. 
 
Transmission electron microscopy (TEM) 
 
      Samples (1 mm3) were fixed for 4h in 3.5% 
glutaraldehyde in 0.1M sodium cacodylate buffer. They 
were then washed in 0.855 mg/100mL saccharose 
cacodylate, postfixed in 1% osmium tetroxide (for 2h), 
dehydrated in a graded acetone series and embedded in 
Epon 812 (Serva, Heidelberg, Germany). Semithin 
sections (1 µm) were stained with toluidine blue. 
Ultrathin sections (90-120 nm) were cut with a Reichert-
Imy Ultracut ultramicrotome, contrasted with uranyl 
acetate and lead citrate and examined with a Philips 
TECNAI 12 transmission electron microscope. 
 
Semiquantitative light microscopy study of mesenchymal 
cell types 
 
      Cell counting of mesenchymal cell types of the 
fibroblastic layer was performed on 4 random semithin 
sections of each membrane using an Olympus BX51 
microscope. To differentiate each cell type, the nuclear 
and cytoplasmic characteristics were taken into account 
(type I, contains a large, homogeneous and euchroma-
tinous nucleus with little cytoplasmic content; type II, 
irregular and spindle-shaped nucleus with perinuclear 
heterochromatin, elongated cytoplasm with numerous 
globular structures and dilations cytoplasmic; type III, 
small, irregular, heterochromatic nucleus, elongated 
cytoplasm occupied by large globular vacuoles; type IV, 
irregular nucleus and very thin and long cytoplasmic 
prolongations). The population index of each cell type (I, 

II, III and IV) was calculated in relation to the total 
number of all cell types and multiplied by 100 to obtain 
the percentage.  
 
Semiquantitative study with transmission electron 
microscopy 
 
      A minimum of 3 ultrathin sections from each of the 
hAM were used. In this study, the technique made it 
possible to distinguish 5 types of mesenchymal cells 
being able to better differentiate their organelles. Thus, 
they were differentiated into type ITEM, large, rounded 
euchromatic nucleus with poorly differentiated 
cytoplasm and large mitochondria; type IITEM, irregular 
nucleus with rough endoplasmic reticulum (RER) and 
incipient vesicles and small mitochondria; type IIITEM, 
irregular nucleus with perinuclear heterochromatin, 
abundant and dilated RER, small mitochondria and 
considerable vesicles; type IVTEM, irregularly contoured 
nucleus with scattered euchromatin and large RER 
dilations occupying most of the cytoplasm; type VTEM 
similar to light microscopy type IV with abundant 
lysosomes in the cytoplasm. The number of each cell 
type was calculated relative to total number of all cell 
types and multiplied by 100 to obtain the percentage. To 
visually count, all the mesenchymal cells contained in 
the fibroblastic layer of the ultrathin sections of each 
membrane were taken into account. 
 
Statistical analysis 
 
      The statistical study of the indices of each cell type 
performed on semithin sections was carried out by an 
analysis of variance followed by a post hoc test 
comparing the equality between pairs of means using 
the DMS test and the Bonferroni method. Results were 
considered statistically significant at values p<0.05. For 
the statistical evaluation of cell heterogeneity in 
ultrathin sections, the contrast of a distribution of cell 
types was used, admitting an identical distribution for 
each of the types. Statistically significant results are 
those with residuals <-2 or >2. The SPSS 28 (IBM 
Corporation, Armonk, NY) statistical software package 
was used. 
 
Results 
 
Light microscopy 
 
      In the sections embedded in paraffin, the different 
tissue zones already known from the hAM were 
observed: a) an uninterrupted band of epithelial cells and 
b) a band of avascular extraembryonic mesoderm. In the 
latter, the compact, fibroblastic and spongy layers were 
differentiated (Fig. 1a). In the fibroblastic layer it was 
possible to identify a heterogeneous population of 
mesenchymal cells that were distributed parallel to the 
epithelium in one or several rows. Occasionally, clusters 
of cells were observed near each other. Morphologically, 
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Fig. 1. a-e. Hematoxylin-eosin 
sections: a. hAM layers. Amniotic 
epithelium (arrow), basement 
membrane (arrowhead) and 
amniotic mesoderm: compact layer 
(1), fibroblastic layer (2) and 
spongy layer (3). b. Type I cell with 
euchromatin nucleus and scant 
cytoplasm. c, d. Type II cells with 
perinuclear heterochromatin and 
nucleoli (arrowheads). Cytoplasmic 
processes (arrows). Incipient 
intracytoplasmic dilatations (thin 
arrow). e. Longitudinal section of 
the nucleus of type III cells (open 
arrow). Intracytoplasmic globular 
dilatations (arrow). f, g. Semithin 
sections stained with toluidine blue: 
f. Type I cell with some small 
deposits reactive to toluidine blue. 
g. Type II cell with a large oval 
nucleus and central nucleolus 
(arrowhead), cytoplasmic extension 
(thin arrow) with small 
intracytoplasmic globular dilatations 
inside and weakly stained deposits 
(arrow). h. Type II cells at a more 
advanced stage in their evolution 
where most heterochromatinic 
nucleus and a well-differentiated 
nucleolus are observed 
(arrowhead). In addition, more 
abundant, larger, and more 
intensely colored intracytoplasmic 
deposits are observed (arrows). i. 
Type II cell. Dilatation in cytoplasm 
reticulum (arrows). In extracellular 
matrix small globular structures 
(arrow heads). j. Type III cell in an 
advanced stage where a large 
dilation is observed (arrow) with a 
large number of intracytoplasmic 
deposits inside (arrowhead). The 
insert shows a detail of the cell 
showing the large dilations (arrow) 
occupied by reactive globular 
structures (arrowhead). k, l. 
Longitudinal (k) and transversal (l) 
sections, respectively, of type III 
cells in which the cytoplasm is 
almost entirely occupied by large 
dilations containing large and 
numerous reactive globular 
structures. m. Free globular 
structures stained intensely with 
toluidine blue (arrowhead) in the 
extracellular matrix close to the 
mesenchymal cells (arrow). n. 
Hofbauer cell with fine and long 
cytoplasmic projections 
(arrowhead) and numerous 
cytoplasmic vacuoles (arrows). o. 
Hofbauer cell (arrowhead) in close 
contact with a type III cell (arrow), a 
frequently observed phenomenon. 
Scale bars: a, 200 μm; b, c, 2 μm; 
d, l, 5 μm; e, 4 μm; f-i, k, inserts k, 
o, 10 μm; j, n, 25 μm; m, 20 μm.



these cells were characterized and classified into three 
types: type I, with a rounded euchromatic nucleus and 
little cytoplasm content surrounding the nucleus (Fig. 
1b); type II, with a nucleus with an irregular contour, 
often oval or spindle-shaped and more hetero-
chromatinous than type I cells. The cytoplasm of some 
of them showed incipient prolongations, while others 
had a clear spindle-shaped and elongated morphology. 
On the inside of the cytoplasm, small intracytoplasmic 
accumulations could be observed that did not show 
affinity to H&E (Fig. 1c,d); type III, with an elongated 
nucleus of small diameter, highly hyperchromatic. Its 
cytoplasm was divided into two opposing long processes 
with respect to the cytoplasm surrounding the nucleus. 
Within the cytoplasm, globular structures of material 
that did not show affinity for H&E were often observed 
(Fig. 1e). The semithin sections (Fig. 1f-o) facilitated a 
more detailed morphological characterization, which 
allowed mesenchymal cells to be classified into four 
types: type I, with a large, spherical, euchromatic 
nucleus with a regular contour. This cell did not present 
prolongations and inner small globular structures stained 
in light blue color were rarely observed (Fig. 1f). 
Occasionally it was possible to appreciate that this cell 
type was sometimes organized in a grouped manner, 
forming a certain cellular niche; type II included cells 
whose nuclei presented oval morphology with little or 
moderate heterochromatin content, mainly adjacent to 
the nuclear membrane and occasionally with a nucleolus 
and cells with nuclei of clearly fusiform and irregular 
morphology, with marked heterochromatinic content, 
irregularly distributed throughout the nucleus, although 
predominantly in the area adjacent to the nuclear 
membrane. The cytoplasm of some cells of this type 
showed incipient prolongations, while on other 
occasions, they adopted a spindle-shaped morphology 
with long prolongations. In the cytoplasmic interior, 
abundant accumulations of globular structures stained in 
light blue could be observed (Fig. 1g-i). Small globular 
structures were also observed in the extracellular matrix 
close to the mesenchymal cells (Fig. 1i); type III, with 
spindle-shaped nuclei with irregular contour and intense 
heterochromatin. The cytoplasm was found surrounding 
the nucleus and in two opposing long processes. Inside 
the cytoplasm there were wide dilatations with globular 
structures, sometimes large, light blue stained. Near 
these mesenchymal cells, globular structures strongly 
stained by toluidine blue were more frequently observed, 
and the surrounding extracellular matrix showed faint 
staining (Fig. 1j-m). Type IV, cells with an irregularly 
contoured nucleus with moderate scattered hetero-
chromatin arranged in the nucleus. The cytoplasm 
contained some globular structures with various shades 
of blue. The contour of the cytoplasm was irregular and 
had numerous long and thin cytoplasmic processes 
concluding that their morphology coincided with that of 
Hofbauer cells (Fig. 1n-o). It was common to find these 
cells in close contact with type II and III cells (Fig. 1o). 

Conventional carbohydrate techniques and lectin 
histochemistry  
 
      Using the PAS technique (Fig. 2a-g), a marked 
difference was observed in the staining pattern of type 
III cells compared to type I and II cells. It was evident 
that type I cells had a cytoplasm with small positive 
globular structures (Fig. 2a). In type II cells it was 
already possible to find accumulations, sometimes large, 
of positive globular structures, irregularly distributed 
throughout the cytoplasm, although this phenomenon 
was not observed in all cells (Fig. 2b-d). In type III cells, 
a greater positivity was found than in the previous cell 
types. The cytoplasm was intensely positive, with small 
absent areas of positivity (Fig. 2e-g). In the proximal 
extracellular matrix, especially of type III cells, PAS-
positive globular structures were identified (Fig. 2g). 
Alcian blue pH 2.5 showed strong positivity throughout 
the entire amniotic membrane mesoderm. Mesenchymal 
cells showed little or no positivity in their cytoplasm, 
which allowed the identification of globular structures 
without positivity in some types of these cells. In 
particular, unstained perinuclear dilations occupying a 
large part of the cytoplasm, especially in type II and III 
cells were observed (Fig. 2h). Regarding the three lectins 
used, only Concanavalin-A showed positivity in 
mesenchymal cells, being very weak or negative in Type 
I cells (Fig. 2i) but increasing in types II and III cells, 
being more intense in type III cells (Fig. 2j,k). 
Characteristically, the positivity was very intense and 
located in globular structures of different sizes, although 
diffuse positivity could also be observed in the 
cytoplasm, revealing negative circular cytoplasmic 
spaces. 
 
Immunohistochemistry 
 
      The immunohistochemical results obtained for the 
different proteins analyzed are summarized in Table 1. 
Regarding the extracellular matrix proteins, it was 
possible to identify fibronectin in the three cell types 
(Fig. 2l-n), although its distribution was heterogeneous. 
In type I cells it showed a weak-moderate intensity, in 
type II cells moderately intense and in type III cell 
intense. For its part, the cytoplasmic distribution 
presented a homogeneous arrangement throughout the 
cytoplasm, but also irregularly distributed intra-
cytoplasmic globular structures were found with very 
strong positivity (Fig. 2m,n). Regarding vimentin 
positivity, it was found in all three cell types, although 
the intensity of positivity was variable, being mild in 
type I, moderate-intense in type II and very intense in 
type III. Vimentin positivity was homogeneous 
throughout the cytoplasm, but many cells showed 
circular gaps absent of positivity (Fig. 3a,b). The 
positivity to α-actin was more variable, in type I cells it 
was frequently negative or slightly positive, while in 
type II and III cells the positivity increased along with 
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Fig. 2. a-g. PAS histochemical staining technique. Progressive accumulation of cytoplasmic deposits from type I to type III cells were observed: a. Type 
I cell with very small deposits (arrowheads) and medium-sized deposits (arrow). b. Incipient type II cell with accumulations of considerable size 
(arrows). c. Type II cell with deposits of PAS-positive material (arrows) that occupy most of the cytoplasm. d. Advanced type II cell with a large dilation 
occupied by PAS-positive material (arrow). e, f. Longitudinal (e) and transversal (f) section of type III cells showing cytoplasm filled with PAS-positive 
material (asterisks). g. Globular deposits of PAS-positive material in the extracellular matrix near the cells (short arrow) and inside the cytoplasm (long 
arrow). h. Alcian blue pH 2,5 histochemical technique: mesenchymal cells with negative and clear cytoplasm (asterisks) can be observed. i-k. 
Histochemical technique of the concanavalin A lectin. i. Type I cell negative for this lectin. j. Type III cells with diffuse cytoplasmic positivity (arrows) 
together but organized mainly in globular concretions (arrowheads). k. Type III cells with large positive globular deposits (arrows). l-n. Fibronectin 
immunohistochemical technique. l. hAM with epithelial cells (arrows) being observed below the intensely positive compact layer (bar). m. Type I cell 
(arrowhead), type II (open arrow) and a type III cell (closed arrow) where cytoplasmic positivity is observed to increase in each of them respectively. n. 
Detail of a type II cell where globular bodies are clearly visible. Scale bars: a-g, i-n, 10 μm; h, 50 μm.
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Fig. 3. Immunohistochemistry techniques for several proteins and growth factors expressed by the different stem cells identified. a, b. 
Immunohistochemistry for Vimentin. a. Type I cells (arrows) showing positivity in their cytoplasm and intense positivity in type III cells (arrowhead). 
Cytoplasmic empty circular spaces are observed in all types (open-headed arrow). b. An intensely positive type II cell (arrow) and several intensely 
positive type III cells (arrowhead) stand out. c, d. Immunohistochemistry for VEGF. c. VEGF-positive type 1 cell (arrow) and non-VEGF-positive type 1 
cell (arrowhead). d. Type II cell positive for VEGF (arrow) and type III cell intensely positive for VEGF (arrowhead) where non-positive circular 
cytoplasmic spaces are observed (open-headed arrow). e, f. Immunohistochemistry for PDGF-C. e. Type I cells negative for PDGF-C (open-headed 
arrow), type I cell slightly positive (arrow) and type II cell positive (arrowhead). f. Type II cell positive (arrow) and highly positive type III cell 
(arrowhead). g, h. Immunohistochemistry for α-actin. g. Cell types I (arrow) and II (arrowhead) show little positivity. h. Type III positive cells (arrows) 
are observed. i, j. Immunohistochemistry for connexin 43. i. Type I cell (arrow) with little cytoplasmic positivity and type III cell intensely positive 
(arrowhead). j. Type II cell moderately positive (arrow) and intensely positive type III cell with clearly spindle-shaped morphology (arrowhead). k. 
Immunohistochemistry for TGF-β2. A negative type I cell (open-headed arrow), a moderately intense type II cell (arrow), and a very intense type III cell 
(arrowhead) are observed. l. Immunohistochemistry for FGF-2. A negative type I cell (open-headed arrow), a moderately positive type II cell (arrow), 
and a type III cell (double arrow) with intensely positive cytoplasmic are observed. Scale bars: a-f, h-k, 10 μm; g, 40 μm; l, 20 μm.



negative cells (Fig. 3c,d). Connexin 43, which is part of 
the gap junctions, was identified in all mesenchymal cell 
types, but with graded intensity. Thus, type I cells were 
slightly or moderately positive, type II cells moderated 
positive and type III cells strongly positive. Cytoplasmic 
positivity left circularly non-positive circumscribed 
areas (Fig. 3e,f). The growth factors studied showed an 
increasing intensity of staining in the cytoplasm from 
type I to type III cells. Thus, it was observed that for 
type I cells: the factors VGEF, FGF-2, TGFβ-2 and 
PDGF-C were in some cells weakly positive being 
TGFβ-2 the which showed the most intense positivity. 
For type II, the factors VGEF, FGF-2, TGFβ-2 and 
PDGF-C were positive, with TGFβ-2 being again the 
most intense. Finally, in type III cells, strong staining 
intensity was observed for VGF, FGF-2, TGFβ-2 and 
PDGF-C. TGFβ-1, Flg and IGF-1 were negative in all 
mesenchymal cell types (Fig. 3g-l). As for HSP-47 
protein, its presence in all cell types was generally 
negative, although it was possible to find weakly 
positive type II and III cells. Lastly, Laminin β2 was 
negative in all mesenchymal cell types.  
 
Transmission electron microscopy 
 
      This technique allowed a greater morphological 
definition in the study of mesenchymal cells, which led to 
distinguish up to five cell types. Type ITEM, are cells with 
a large rounded euchromatic nucleus with a 
nucleus/cytoplasm ratio close to unity. The cytoplasmic 
content was scarce, there were large mitochondria with 
the presence of dense granules inside and a moderately 
dense matrix. The RER and Golgi complex were poorly 
developed (Fig. 4a,b). Type IITEM, cells had euchromatic 
nuclei with indentations and irregular contour. The 
cytoplasmic content was increased, especially in the form 
of two cytoplasmic projections oriented along the axis of 
the nucleus. In the cytoplasm, a large content of RER 
distributed throughout it was found. Along with the 
cisterns, small reticulum vesicles containing low-
electrodensity material were also observed. Also, 
numerous strongly electron-dense and small 
mitochondria were found, characteristically arranged at 
both poles of the nucleus (Fig. 4c,d). Type IIITEM, cells 
had an irregular, mainly elongated nucleus with 
heterochromatic content, mostly perinuclear in 
arrangement and frequently with a nucleolus. The 
cytoplasm presented clear extensions in the longitudinal 
axis of the nucleus, giving the cell a spindle-shaped 
morphology. Most of the cell organelles were located at 
both poles of the nucleus: small, electron-dense 
mitochondria were found in variable numbers, as well as 
a very abundant RER. Characteristically, this was 
observed to be moderately dilated and even very dilated 
at times. The content presented a material with low 
electron density and a texture with characteristics like 
those observed in the extracellular matrix surrounding the 
cell. When these dilations of the RER reached a larger 
size, the formation of areas with higher electron density 

could be observed inside them. In some locations of the 
plasmatic membrane, short and thick prolongations were 
observed (Fig. 4e,f). Type IVTEM, the nucleus presented a 
marked heterochromatic content and mainly affected the 
perinuclear zone and extended throughout the nucleus, 
leaving some zones with euchromatic content. (this 
section is unclear and requires revision) The contour of 
the nucleus was irregular, although elongated and thin, 
like the spindle shape of the cells. The cytoplasmic 
content was scarce as there were large dilations of the 
endoplasmic reticulum that occupied a large part of the 
cytoplasm and some mitochondria. These dilations could 
merge together and had a content like that of the 
extracellular matrix. In this cell type it was common to 
find areas of a material with higher electron density 
inside. (Fig. 4g,h). Type VTEM, cells with irregular nuclei 
with heterochromatic content were limited to the 
perinuclear zone. Occasionally a nucleolus could be 
observed. They had a cytoplasm containing numerous 
organelles, such as small electron-dense mitochondria 
and numerous vesicles of different sizes and electron 
densities. Some of these vesicles even contained smaller 
ones inside. In turn, RER could also be observed 
distributed throughout the cytoplasm. The membrane of 
these cells had long extensions distributed over the entire 
surface. According to the already known descriptions, 
they were identified as Hofbauer cells (Fig. 4i,j). 
      Inside the dilated endoplasmic reticulum, especially 
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Table 1. Immunopositivity found in the cytoplasm of mesenchymal cells 
(type I, II and III) for the different types of proteins studied: growth 
factors, proteins related to the extracellular matrix, intermediate filament 
vimentin and microfilament α-actin of the cytoskeleton, connexin 43 
component of gap-type intercellular junctions. 
 
Growth factors                          Type I                  Type II                Type III
                                                                                   
VGEF                                          +/-                        ++                   ++/+++ 
TGF-β2                                      ++/-                   +++/++                  +++ 
PDGF-C                                      -/+                      ++/+                    ++/+ 
FGF-2                                          +/-                    ++/+++               +++/++ 
TGF-β1                                         -                           -                          - 
FLG                                               -                           -                          - 
IGF-1                                            -                           -                          - 
 
Proteins related with extracellular matrix                                              
 
Fibronectin                                   +                         ++                   ++/+++ 
HSP-47                                         -                         -/±                       -/+ 
Laminin β2                                    -                           -                          - 
 
Cytoskeleton                                                                                         
 
Vimentin                                       +                     ++/+++                  +++ 
α-Actin                                         ±/-                        +/-                      ++/- 
 
Gap junctions                                                                                        
 
Connexin 43                                 +                     ++/+++                  +++ 
 
Staining intensity: - negative; ± weakly positive and sometimes negative; 
+ moderately strong; ++ strong; +++ very strong. The / indicates that 
there are cells with different staining intensity.
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Fig. 4. Characterization by 
electron microscopy of the 
different types of mesenchymal 
cells in the hAM. a, b. Type ITEM 
cells. a. Euchromatic nucleus 
(asterisk) and scant cytoplasm 
with large mitochondria (arrow) 
with presence of dense granules 
(open-headed arrow). b. A 
poorly developed RER is 
observed in the cytoplasm 
(arrow) and an euchromatic 
nucleus (asterisk) is observed. c,  
d. Type IITEM cells: c. type IITEM 
cell with a spindle-shaped 
morphology and irregularly 
contoured nucleus, indentations 
and euchromatic content. The 
cytoplasm arranged around it is 
more abundant than in type ITEM 
and inside there are numerous 
electron-dense mitochondria 
(arrows); around the cell diverse 
vesicles are observed 
(arrowheads). d. A detail of 
image C, in which the small and 
electron-dense mitochondria 
(open-headed arrow) are 
observed, the developed RER 
(arrow) that even begins to form 
vesicular accumulations. The 
presence of numerous vesicles 
(asterisks) of homogeneous 
density stands out from the 
density of the matrix. e, f. Type 
IIITEM cells. Yellow open-headed 
arrow: mitochondria. e. The 
nucleus with perinuclear 
heterochromatin (arrow) and 
mitochondria are observed 
(open-headed arrow) Dilated 
RER with material inside 
(asterisk). f. The RER is 
developed  (arrows) and 
presents large dilations of 
electron-dense content (asterisk) 
with globular form preferentially 
in proximity to the plasma 
membrane and some small 
electron-dense mitochondria 
(open-headed arrow). g, h. Type 
IVTEM cells. g. Cell with a very 
hyperchromatic nucleus, 
condensed and of reduced size 
(arrow), the cytoplasm is 
occupied by dilations (asterisks), 
one of them large. h. The 
cytoplasm is occupied by dilated 
RER. The confluence of 
cisternae is also observed 
(asterisk). Inside the cisternae a 
homogeneous material similar in 
electrodensity to extracellular 
matrix is observed (arrows). i, j. 
Hofbauer cells. i. Cell with very 

irregular nucleus with large indentations and heterochromatin (arrow). The boundaries of the cytoplasm form long prolongations of plasma membrane 
(open arrow). j. The nucleus is partially observed with perinuclear heterochromatin and irregular contour (arrow) and the cytoplasm shows large 
lysosomes of different densities (asterisks). Scale bar: a, j, 1 μm; b, d, 0.5 μm; c, e-i, 2 μm.



Fig. 5. Electron microscopy of Type IIITEM and IVTEM cells in hAM. a. Globular material was found in the dilated rough endoplasmic reticulum (asterisk). 
b. This globular material is observed close to the plasma membrane (arrowhead). c. In a mesenchymal cell the material is observed in contiguity with 
the extracellular matrix (arrow). d. In another mesenchymal cell, the same phenomenon of apparent secretion from the same RER is observed (arrow). 
e. An extracellular globular material very close to a mesenchymal cell (black asterisk) is observed. In this cell a similar material in the RER (white 
asterisk) can also be seen. f. Diverse presence of globular dense material (arrows) in hAM extracellular matrix. In some cases, they are found close to 
each other. Scale bars: a, 2 μm; b-d, 1 μm; f, 2.5 μm.
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Fig. 6. Vesiculation and possible exocytosis of 
RER observed using TEM in hAM mesenchymal 
cells. a. Type IITEM cells. Vesiculation of small 
RER cisterns showing some ribosomes (red 
arrowheads) is observed in the cytoplasm. Insert: 
many of them are observed near the plasma 
membrane (asterisk). b. Type IIITEM cell. At higher 
magnification the vesiculation of the RER with 
material inside (red arrowheads) and its exocytosis 
(yellow arrowhead) is better observed. Inside the 
RER cistern there is accumulated material that has 
trapped another cistern containing material (white 
asterisk). Type IIITEM. c, d. Examples of exocytosis 
of RER vesicles are seen (red arrowheads). e. 
Type IVTEM cell. A large vesicle (asterisk) is seen 
trapped within a cistern filled with a proteinaceous 
material. The vesicle has a very electron-dense 
membrane, probably derived from the ribosomes 
associated with it. Exocytosis of RER vesicles (red 
arrowhead). Scale bars: a-e, 0,5 μm; insert a, 1 
μm.



of type IIITEM and IVTEM cells, the material accumulated 
in it was observed to form globular structures with 
higher electron density, approximately 1.5 to 4 µm in 
diameter, as described above (Fig. 5a,b). Also, within the 
matrix inside the reticulum, globular structures of 
smaller diameter and with 0.4-0.8µm electron-dense 
edges were observed (Fig. 5e). In addition, on several 
occasions we could see how the reticulum cisterns 
contacted the plasma membrane, producing a continuity 
between the interior of the reticulum with the nearby 
extracellular matrix, suggesting a release of the globular 
structures contained within (Fig. 5b-d). In the vicinity of 
the cells, these structures were found with the same 
electron density and sizes (Fig. 5e,f). Together with 
these structures, some smaller ones that presented an 
electron-dense edge were also observed and were 
probably also derived from the interior of the reticulum 
(Fig. 6a-e). At higher magnification, it was observed that 
especially in type IITEM and IIITEM cells the RER 
suffered vesiculation, although it was also observed in 
IVTEM cells to a lesser extent. Vesicles of 0.1 to 0.2 µm 
had a small electrolucent content inside and were 
observed in the vicinity of the plasmatic membranes, 
many of them were in a process of probable exocytosis 
(Fig. 6c). 
 
Light microscopy semiquantitative study of mesenchymal 
cell types 
 
      The different types of mesenchymal cells described 
above, as well as Hofbauer cells (Type IV), were 
observed in all sections analyzed. After the counts were 
performed and their percentage calculated, the mean 
index of each of the cell types with respect to the total 
population of cells counted from the fibroblastic layer of 
the amniotic membrane of the periumbilical area studied 
was obtained. The mean percentage index of type I cells 
(1.77±0.68) was significantly lower (p<0.05) compared 
to the index of type II cells (58.43±6.47) and type III 
cells (32.29±5.35), but not with that of type IV cells 

(7.49±2.16). The mean percentage rate of type II cells 
was significantly higher (p<0.05) than that of types I, III 
and IV. The index of type III cells was significantly 
higher (p<0.05) with respect to the index of type I and 
IV. Finally, the percentage rate of type IV cells was 
significant (p<0.05) with the rates of type II and III cells, 
but not with that of type I cells (Fig. 7). 
 
Semiquantitative study with transmission electron 
microscopy 
 
      The study of the mesenchymal cell population 
showed the existence of heterogeneity in terms of their 
distribution (p<0.0001). Thus, it was possible to 
distinguish three groups of cells: a) a low abundance 
group that included types I and II, b) another group of 
very abundant cells that corresponded only to type 
IITEMI cells, and c) a group of cells that included types 
IIITEM, IVTEM and VTEM. The grouping of type IIITEM 
cells was relatively larger compared to the other cell 
groups, whereas the group of type ITEM and IITEM cells 
was relatively smaller compared to the other two groups 
(Table 2). 
 
Discussion 
 
Diverse types of mesenchymal cells are identified with 
light microscopy 
 
      The hAMs in our study already have their tissue 
structure described (Bourne, 1960, 1962, 1966; 
Bachmaier and Graf, 1999; AL-Yahya  and Makhlouf, 
2013). The fibroblastic layer was usually formed by 
more than one row of cells, where it was easy to 
distinguish the presence of three types of mesenchymal 
cells. With semithin sections, four cell types were 
differentiated, one of them being Hofbauer cells, which 
were frequently observed in contact with mesenchymal 
cells. Semiquantitatively, the percentage of each of the 
cells showed that type II cells were the most frequent, 
followed by type III cells, which were more frequent 
than type I and IV but less than type II cells. No 
statistically significant differences were found between 
type I and IV. 
      The morphological heterogeneity of amniotic 

584

Mesenchymal cells of human amniotic membrane

Fig. 7. Percentage index of each of the mesenchymal cell types found: 
I, II, III, IV. a, b, c indicates significant differences between the 
percentage index of observed mesenchymal cell types (p<0.005).

Table 2. Mesenchymal cell typesTEM (A) and their frequency found after 
analysis of the grids studied (B). After statistical analysis, the residuals 
(C) were obtained, which showed that the groupings were significant. 
 
A Cell TypesTEM                B Frequency                               C Residuals 
                                                                                                      
I (a)                                              3                                            -3.79 
II (a)                                             6                                            -2.98 
III (b)                                          38                                             5.69 
IV (c)                                          15                                            -0.54 
V (c)                                          23                                             1.63 
 
Type I and II <2 and type 3>2 cells.



mesenchymal cells has been proposed on some 
occasions, but exclusively after their isolation and 
culture "in vitro". In these works, reference is made to 
two cell types, one with polygonal or rounded 
morphology and the other with spindle-shaped 
morphology, without going into more cellular details. 
Furthermore, this heterogeneity may be partially or 
totally exacerbated by the contamination of epithelial 
cells that have been co-cultured with mesenchymal cells 
when these are obtained from the amniotic membrane. In 
other studies, heterogeneity is not observed, for example, 
in cultures of mesenchymal cells from chorionic villus 
and umbilical cord, where isolation of mesenchymal 
cells is easier (Mihu et al., 2009; Bačenková et al., 2011; 
Barbati et al., 2012; Shaer et al., 2014; Rylova et al., 
2015; Araújo et al., 2017). Whether or not there is 
mesenchymal heterogeneity, the cell population in 
culture progressively evolves towards morphological 
homogenization with each culture passage, until 
authentic fibroblastic homogeneity is reached. In vitro, 
then, it is suggested that epithelial cells themselves 
become mesenchymal cells, the so called epithelial-
mesenchymal transition, as if there were a true 
fibroblastic differentiation of initially heterogeneous 
mesenchymal cells (Mihu et al., 2009; Bačenková et al., 
2011; Shaer et al., 2014; Vellasamy, 2012; Rylova et al., 
2015; Araújo et al., 2017). On the contrary, the ease of 
isolating mesenchymal cells from the umbilical cord, 
unlike the amniotic case, has traditionally described cell 
homogeneous cultures (Mihu et al., 2009; Bačenková et 
al., 2011; Barbati et al., 2012; Shaer et al., 2014; Rylova 
et al., 2015; Araújo et al., 2017). Other authors have 
described heterogeneity between umbilical cord 
mesenchymal cells, describing two sets of 
subpopulations based on cell size, small cells, with 
higher nucleus-cytoplasm ratio, higher proliferative 
capacity and higher expression of stem cell markers, and 
another set of large cells, more abundant than the 
previous one, with lower expression of stem cell 
markers, lower proliferative activity, and higher presence 
of senescent cells (Majore et al., 2009). Regarding "in 
vivo" studies, there are no descriptions of mesenchymal 
cells at the end of pregnancy in the amniotic membrane. 
Our results suggest that a diverse population of 
mesenchymal cells exists at this time. Based on the 
morphology they present, we can identify a cell 
population, type I, which is scarce in proportion to the 
other types, and morphologically very similar to stem 
cells found and described in other tissues, especially in 
mouse, primate, and human mesenchymal tissues (van 
Bekkum et al., 1971; Tumbar et al., 2004; Vestentoft, 
2013). The type II and III cell population show 
morphological characteristics of fibroblastic cells 
(Eyden, 2004), with the peculiarity of presenting 
significant dilations in their cytoplasm in which 
numerous globular deposits of toluidine-positive 
material are observed that do not stain with H&E. From 
all these observations we can conclude the presence of 
morphologically different types of mesenchymal cells in 

the amniotic membranes studied, which probably 
represent stages of lower to higher fibroblastic 
differentiation of these cells.   
      Collagen, mainly type I and III, has traditionally 
been described as the main component of the 
extracellular matrix, which gives the tissue most of its 
biomechanical characteristics. Collagen IV remains the 
most representative of the basal membrane, with laminin 
(Bryant-Greenwood, 1998; Malak et al., 1993) and 
fibronectin in the compact layer (Ockleford et al., 1993). 
Proteoglycans and hyaluronic acid and other proteins 
such as fibronectin are found in hAM (Meinert et al., 
2001). Our observations with PAS staining agree with 
those of other authors showing both the basement 
membrane as the compact layer zone with abundant type 
III collagen fibers, and fibronectin produced by amniotic 
cells (Alitalo et al., 1980; Aplin et al., 1985; Strauss, 
2013). The positivity found for Alcian blue with both 
types of pH is related to the presence of anionic groups 
throughout the extracellular matrix studied. Sulfate or 
carboxylated anions in the amniotic membrane have 
been especially related to the presence of proteoglycans 
and hyaluronic acid. The latter has been localized 
especially in the spongy layer where it can create a high 
swelling pressure of the tissue because of its high-water 
binding capacity that enables separate the amnion and 
chorion. This property acts as a gliding layer during the 
birthing process and thus protect the fetus (Meinert et 
al., 2001). The presence of sulfate groups revealed in our 
work by Alcian Blue at pH 1 in the compact and spongy 
areas is probably related to decorin, biglycan or lumican. 
These are proteoglycans containing chondroitin, keratan 
or dermatan sulfate (Iozzo and Schaefer, 2015). Finally, 
it should be noted that the images obtained did not show 
positivity for both Alcian dyes in the cytoplasm of 
mesenchymal cells, which could indicate an interruption 
in the passage of these proteins from the RER to the 
Golgi apparatus. Something that contrasts with the 
positivity to PAS in the cytoplasm of mesenchymal cells 
that increases from type I to III cells and might imply 
that the glycosylation process stops early, when the 
oligosaccharides bound to these proteins still present 
mannose and glucose inside the reticulum (Li et al., 
2012; Mikami and Kitagawa, 2013). The positivity to 
Concanavalin-A lectin specific for mannose or glucose 
residues (Pinart et al., 2001) suggests that there is a 
progressive accumulation of these proteins in the 
reticulum of the mesenchymal cells. 
 
Immunohistochemical study shows a pattern of 
fibroblastic differentiation in mesenchymal cell types 
 
      The various proteins that have been identified 
immunohistochemically in hAM have been located in 
mesenchymal cells, except for fibronectin, which has 
also been identified in the compact layer. Two important 
facts should be highlighted, on the one hand, that 
immunopositivity has been increasing in intensity from 
type I to type III cells for all types of proteins detected. 
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On the other hand, the positivity for fibronectin is 
observed in the cytoplasm distributed irregularly and in 
intracytoplasmic globular structures with strong 
positivity. Fibronectin is an extracellular matrix 
glycoprotein, in humans there are at least two isoforms 
of fibronectin, human plasmatic fibronectin and fetal 
fibronectin, which differ from each other mainly in 
protein glycosylation. Its main function in the amniotic 
membrane is support, thanks to its great binding capacity 
to surface receptors, collagen, proteoglycans, and other 
fibronectin molecules (Zhu et al., 1984; Κöttgen et al., 
1989; Mogami et al., 2013). Synthesis peaks in the early 
stages of pregnancy, during the first trimester, and 
gradually decreases to become minimal between weeks 
25-36, and then undergoes a significant increase again in 
the last weeks before delivery. This has made it possible 
to relate the amount of fibronectin released from the 
fetal membranes to vaginal fluid as a marker of preterm 
labor and even of chronologically prolonged gestations 
(Lockwood et al., 1991, 1994). The fibronectin was also 
observed in hAM especially in the compact layer by 
other authors (Ockleford et al., 1993) and is considered 
to be responsible for mechanical strength in the amniotic 
membrane (Bourne and Lacy, 1960). The results 
obtained with immunohistochemical staining of 
fibronectin in our study correlate with those observed for 
PAS and Concanavalin-A since fibronectin in its 
glycosylation presents mannose residues and the 
carbohydrate portion of fibronectin is synthesized as a 
'high-mannose' intermediate and subsequently processed 
to give the 'complex' oligosaccharide chains 
characteristic of this protein (Olden et al, 1980). In 
addition, one of the most interesting aspects observed is 
the increased positivity in type III cells compared to type 
I cells and the formation of globular bodies distributed 
throughout the cytoplasm and presenting a distribution 
like that found with the Concanavalin A and PAS, as 
previously indicated. Moreover, this positive distribution 
of cells was also observed in the semithin sections. 
These facts seem to show an arrest of fibronectin in the 
endoplasmic reticulum, as well as the possible release of 
fibronectin in the form of globular structures in the 
extracellular matrix. This fact further reaffirms the 
process of fibroblastic differentiation of mesenchymal 
cells that occurs between type I and III cells to the extent 
that fibronectin synthesis is typical of fibroblast cells or 
myofibroblasts (Kaarteenaho-Wiik et al., 2009; Moretti 
et al., 2022).  
      In this study, various growth factors have been found 
in the mesenchymal cells of the hAM. VEGF has been 
proposed as an important regulator of amniotic fluid 
absorption through the amnion into the fetal vasculature 
on the placental surface (Cheung et al., 2014, 2019). 
Thus, although the amniotic epithelium and 
cytotrophoblast have traditionally been described as the 
main source of VEGF (Clark et al., 1996; Bogic et al., 
2000), in our work we have been able to identify 
positive amniotic mesenchymal cells, as has been 
observed in culture of hAM mesenchymal cells 

(Dabrowski et al., 2017) suggesting that the increase of 
VEGF in the final stages of pregnancy, a fact described 
by other authors (Bogic et al., 2000) could also be 
related to a relative increase of type III cells at the end of 
gestation. Expression of TGF-β 1, 2 and 3 in the 
cytotrophoblast, decidua and epithelium of hAM have 
been found in amniotic membrane with various methods 
(Graham et al., 1992; Lysiak et al., 1995; Schilling and 
Yeh, 2000, Koizumi et al., 2000; Grzywocz et al., 2014) 
but there were doubts about the expression of TGF-β2 in 
mesenchymal cells, since there are no specific results so 
far about the expression of this factor in these cells, 
something that is found in our work. PDGF-C in the 
placenta has traditionally been related to its angiogenic 
function, important for the maturation of blood vessels, 
although its presence has not been determined so far in 
mesenchymal cells “in vivo” (Li et al., 2000; Cao et al., 
2002; Tian et al., 2019). PDGF-C appears to play an 
important role in the initial differentiation of fibroblasts 
and in the appearance of the recently named proto-
myofibroblasts, a population of fibroblasts activated 
from tissue-resident fibroblasts (Tomasek et al., 2002). 
FGF-2 or bFGF is part of the family of heparin-
associated growth factors and is involved in numerous 
essential biological aspects such as embryonic 
development, tissue repair, cardiovascular disease, 
angiogenesis, neuronal survival or cancer (Hui et al., 
2018). In hAM bFGF has been found by the ELISA 
method (Bischoff et al., 2017) and qRT-PCR results 
revealed that crucial angiogenic genes that are beneficial 
for vascular regeneration, such as VEGF-A, Ang-1, 
HGF, and FGF-2, that are highly found in hAMSCs 
(Kim et al., 2012). To date, a comprehensive 
immunohistochemical study of FGF-2 in hAMSCs has 
not been performed. All these growth factors, among 
others, have been found in the extracellular matrix of the 
hAM and confer regenerative properties that have been 
used in a wide variety of pathological processes, as their 
use is associated with faster and more functional tissue 
recovery (Liu et al., 2020; Lo and Pope, 2009; Strueby 
and Thébaud, 2016; Tang et al., 2018). Although both 
epithelial and mesenchymal cells are known to 
contribute to the synthesis and release of these factors, 
they have not always been identified “in vivo”, and the 
exact role they play in fetal membranes at term is 
unknown. In our study, the factors studied in general 
show higher positivity in their cytoplasm when the cell 
acquires a more fibroblastic morphology, i.e., in type III 
cells. These results also indicate the importance of the 
mesenchymal cells themselves in the synthesis and 
release of these factors. 
      Vimentin is a type III intermediate filament 
associated with mesenchymal cells, or the epithelial-
mesenchymal transition, related to cell motility, cell 
adhesion to the extracellular matrix, and collagen 
deposition (Paulin et al., 2022). Its absence, on the 
contrary, is associated with a loss of cell morphology 
and defective fibroblastic directional migration. 
Vimentin is distributed dispersed throughout the 
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cytoplasm of fibroblast cells (Ostrowska-Podhorodecka 
et al., 2022) and participates in the morphological 
configuration of the cells, there being a directly 
proportional relationship between the amount of 
cytoplasmic vimentin and the fibroblastic morphology of 
the cell (Mendez et al., 2010). According to the above, 
type III cells, which show greater positivity to vimentin, 
would have a more fibroblastic phenotypic character. 
The observed heterogeneity of mesenchymal cells would 
be related to a progressive acquisition from I to II of 
these cell phenotypes, something that would also be 
related to the positivity of HSP-47 and α-actin. But 
along with this are signs that type III cells are not fully 
active fibroblasts. The low cytoplasmic positivity of 
HSP-47 and the fact that many of the cells are not α-
actin positive, something already observed in other 
studies (McParland et al., 2000), together with the 
probable dilation of the RER, might be related to 
defective protein aggregation. This would mean that 
protein synthesis, especially in type III cells, would be 
blocked or, if a part of them is released, they would 
probably be defective, affecting the integrity of the 
extracellular matrix. In summary, the possible 
mesenchymal differentiation observed from type I to 
type III cells in this study would lead to a more 
fibroblastic cell type with dysfunctional character for 
these cells. 
 
The ultrastructure of mesenchymal cells allows to 
describe four types of these cells 
 
      The ultrastructural characterization carried out has 
not only allowed us to identify the types of 
mesenchymal cells observed with light microscopy, but 
also to observe a possible transition between them, 
having differentiated a new cell type that would be 
inserted between types II and III observed with light 
microscopy. Together with this, the organelles of the 
different cells showed a gradual complexity from type 
ITEM to type IVTEM. It is noteworthy the great 
development occurring in the RER that affects both its 
dilation, occupying a large part of the cytoplasm, and the 
increase in its interior of a material with a texture very 
similar to that observed in the surrounding extracellular 
matrix. Finally, it was possible to easily identify the 
Hofbauer cells. The semiquantitative determination of 
the population of these cells indicates that the 
periumbilical membrane studied presents a heterogeneity 
of mesenchymal cells, with type IIITEM being 
significantly the most abundant. 
      The results found in cells I-IVTEM show changes 
partially compatible with fibroblastic differentiation 
described by other authors in fibroblasts (Han et al., 
1965), in human chorionic villus fibroblasts (Jones and 
Fox, 1991) or the umbilical cord (Takechi et al., 1993) 
but do not show certain ultrastructural characteristics 
typical of fibroblast or myofibroblast (Eyden, 2004). In 
hAM the few ultrastructural descriptions of 
mesenchymal cells encompass them all in a group of 

undifferentiated cells and consider that the RER 
dilations observed by us are probably lipid deposits (Al-
Yahya and Makhlouf, 2013). Therefore, in the various 
ultrastructural studies on the hAM, we have could not 
find any description about the existence of different 
types of mesenchymal cells. Regarding each of the 
mesenchymal cell types found in our study, we consider 
that type ITEM cells are similar to those of mesenchymal 
stem cells derived from human amnion (Pasquinelli et 
al., 2007), and even to mesenchymal stem cells derived 
from other tissues such as rat, horse or sheep bone 
marrow (Karaoz et al., 2009; Paul et al., 2012), although 
it should be noted that all the mesenchymal cells 
mentioned have been described  “in vitro”. We believe 
that the greater or lesser presence of this mesenchymal 
type within the amniotic membrane should be taken into 
account when obtaining amniotic membrane for the 
procurement of mesenchymal cells in regenerative 
medicine. As for type IITEM, they are like those observed 
in the early stages of embryonic development of the 
amniotic membrane. They develop an important 
synthetic activity that is fundamental in the formation of 
the extracellular matrix of the fetal amniotic membrane 
(Jones and Jauniaux, 1995). Similar fibroblastic 
differentiation data have also been observed in amniotic 
membranes of different gestational ages (Hoyes, 1970), 
with cells similar to type IITEM being observed in the 
younger membranes, and like type IIITEM in the 
membranes of longer gestational time. Along with this, 
some similar cells to type IITEM and IIITEM have also 
been observed in human chorionic villi. They describe 
“fibroblasts” with a dilated endoplasmic reticulum, 
numerous secretion vesicles, and the Golgi apparatus 
(Jones and Fox, 1991). Our observations seem to 
indicate that the cell types found in this study are related 
to a progressive differentiation process, in which type 
ITEM is the most immature cell, type IITEM and IIITEM 
cells are those with the highest synthetic activity, while 
type IVTEM constitutes a cell at its maximum 
differentiation stage, or even in a senescent stage, as the 
cell organelles decrease or express β-galactosidase 
activity (Han et al., 1965; Gomez-Lopez et al., 2017). 
Both in the chorionic villi and the fibroblast population 
described in the umbilical cord (Takechi et al., 1993) 
there do not appear to be cells morphologically similar 
to the type IVTEM cells observed in our work. One 
explanation for the fact that the joint presence of several 
types of hAM mesenchymal cells (fibroblasts) was not 
observed in other previous studies could be related to the 
location in which these cells reside. Thus, it is logical to 
assume that the chorionic villi or umbilical cord are 
essential throughout fetal development until moments 
before delivery and that fully active mesenchymal cells 
are required. The fact that we found these type IVTEM 
cells in our study, but in a lower proportion than type 
IIITEM cells, could be due to the fact that the samples 
studied in this hAM work belong to the periumbilical 
portion which, although it undergoes some stress during 
childbirth, is not comparable to that found in other 
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locations of the hAM such as the area of rupture or the 
hAM of the uterine wall. It is possible that in these areas 
there is a greater abundance of type IVTEM mesenchymal 
cells than in the periumbilical area, especially in eutocic 
deliveries, something that will have to be verified in 
subsequent studies. 
 
The material included in the dilated RER presented a 
morphology similar to that surrounding extracellular 
matrix 
 
      One of the most characteristic findings of the 
mesenchymal cells studied was the observation of a 
highly dilated RER that contained a material similar to 
that of the extracellular matrix and with homogeneous 
globular structures inside. It is known that RER dilation 
may be associated with a dysfunctional process of 
protein synthesis, the origin of which may be due to a 
variety of causes (Liong and Lappas, 2014; Veerbeek et 
al., 2015). Abnormally configured proteins often 
accumulate inside the reticulum, including collagen 
fibers altered by the absence of HSP-47. In several 
observations of placental tissues these RER dilations 
have traditionally been described in relation to oxidative 
stress (Malhotra and Kaufman, 2007; Yung et al., 2008; 
Veerbeek et al., 2015). Although the hAM is also 
affected by oxidative stress at the molecular and 
histological level (Liong and Lappas, 2014), there is 
only electron microscopy data for other placental tissues. 
Moreover, a direct link has been established between 
RER stress and placental insufficiency, with defective 
folding of proteins in RER, and with altered protein 
glycosylation (Yung et al., 2008). Usually, in cells, the 
production of abnormally configured proteins leads to an 
interruption of their release into the Golgi apparatus and 
their accumulation in the RER with its secondary 
dilation (Ishida et al., 2006; Veerbeek et al., 2015). 
These abnormal proteins are able to assemble inside the 
RER, forming compact amorphous, protofibrillar, or 
circular morphology deposits that trigger a signaling 
cascade known as unfolded protein response (UPR) 
(Ishida et al., 2006; Malhotra and Kaufman, 2007; 
Lindquist and Kelly, 2011; Kim et al., 2013; Pluquet et 
al., 2015). If this regulatory response -proteostasis- fails 
to restore functional protein production, RER stress 
ultimately leads to a decrease in cell cycle regulatory 
proteins, associated with a decrease in cell proliferation, 
and even when stress is very high, cell apoptosis or 
senescence. All of this is related to the continuous 
increase in the deposit of misfolded proteins in the RER 
(Malhotra and Kaufman, 2007; Yung et al., 2008, Liong 
and Lappas, 2014; Pluquet et al., 2015; Druelle et al., 
2016; Lyublinskaya et al., 2021). Likewise, molecular 
activation triggered by RER stress has been linked to an 
increase in senescence-associated secretory phenotypes 
(SASP) molecules with a proinflammatory profile, that 
may be behind numerous diseases, also affecting 
mesenchymal cells (Malhotra and Kaufman, 2007; 
Liong and Lappas, 2014; Pluquet et al., 2015; Tavasolian 

et al., 2020; Lin and Xu, 2020; Liu et al., 2020). In 
SASP cells, bFGF, fibronectin VEGF, TGFβ or matrix 
metalloproteinases are more highly expressed and 
secreted into the surrounding medium (Coppé et al., 
2010; Liu et al., 2020). Related to the above, studies on 
fetal membranes have shown that placentas that have 
undergone the birth process in a normal and spontaneous 
manner, compared to term fetal membranes that have not 
undergone this process, have higher levels of molecules 
associated with labor stress (IRE1, GRP78 or XBP1) 
(Liong and Lappas, 2014; Veerbeek et al., 2015). Higher 
levels of these proteins are also associated with higher 
levels of proinflammatory molecules (Liong and Lappas, 
2014), even describing the RER dilation as the clearest 
visual sign of RER stress, present in syncytiotrophoblast 
cells. Finally, it should be noted that Liong and Lappas 
(2014) show that the increase in UPR proteins, in RER 
stress, begins rapidly, both in term and preterm 
placentas, in relation to the birth process. In summary, 
based on the above, we could consider that there seems 
to be a fibroblastic differentiation process of 
mesenchymal cells that is gradual and whose term seems 
to correspond to type IIITEM and IVTEM cells. This 
process has been found in mesenchymal cells of hAM 
that have not suffered the effects of the birth process, as 
they came from cesarean sections, which indicates, on 
the one hand, that it is a starting phenomenon probably 
linked to gestational age. On the other hand, it raises the 
possibility that in the amniotic membranes that undergo 
the birth process, the percentage of type IIITEM and 
IVTEM cells may be increased, since this process 
produces a high oxidative stress that could lead to an 
accelerated maturation of these cells, increasing the 
percentages of them in said membranes. 
 
Possible direct secretion from the RER into the 
extracellular matrix 
 
      To complete the above, we have ultrastructurally 
observed in our study, first of all, a striking fact that we 
believe has not been described in the literature; the 
capacity of type IIITEM but especially of type IVTEM 
cells, to release glycoprotein aggregates accumulated in 
the endoplasmic reticulum into the extracellular matrix. 
These can be found in the vicinity of the mesenchymal 
cells. Observations like these, though not described, 
have been seen in the extracellular matrix in human 
Wharton's jelly (Takechi et al., 1993) or large amounts of 
amorphous material are observed in the spongy layer 
(Bou-Resli et al., 1981; Ibrahim et al., 1983). Regarding 
the way in which the contents of the dilated RER are 
released, in our study it has been observed that this 
occurs by fusion with the plasma membrane, being a 
peculiar phenomenon that has rarely been described in 
the literature. Thus, the possibility that this form of 
secretion exists in skin fibroblasts has been considered 
for years (Ross and Benditt, 1965; Ross, 1975). 
Nowadays, several authors speak of the existence of 
unconventional secretory mechanisms of cells without 
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the intervention of the Golgi apparatus (Nickel and 
Rabouille, 2009) but the molecules that have been 
shown to be secreted directly from the ER are not from 
the extracellular matrix. Given that the electron 
microscopy images coincide with the structures which, 
with light microscopy, showed a high mannose and 
fibronectin content, we believe that a high percentage of 
the content accumulated in the reticulum and later 
released belongs to this important extracellular matrix 
protein, which is usually processed in its final phase in 
the Golgi apparatus (Olden et al., 1980). In various 
experimental or pathological situations, accumulation of 
fibronectin in the ER has been described, as well as 
abnormal deposition in the extracellular matrix of this 
protein, which can form amyloid-like structuration 
(Ledger et al., 1980; Vitellaro-Zuccarello et al., 1989; 
Papp et al., 2007; Yoshino et al., 2007; Kii et al., 2016; 
Takii et al., 2017; Bascetin et al., 2018; Mezzenga and 
Mitsi, 2019). Defective fibronectin would indicate the 
dysfunctional character of type IIITEM and IVTEM cells. 
In addition, since these cells are highly positive for 
various growth factors, they could present a senescent 
phenotype (SASP), involved in the clean inflammatory 
response and in the degradation of the extracellular 
matrix of the fetal membranes in what is called the 
physiologic inflammatory process (Menon et al., 2020). 
Bearing in mind that our observations have been made 
with hAM without labor, we can think that membranes 
that undergo labor with the consequent increase in 
oxidative stress should show an increase in these 
secretions that we are discussing and that would be 
linked to a possible increase in percentage of Type 
IIITEM and IVTEM mesenchymal cells. This could be 
related to the degradation processes of the extracellular 
matrix associated with the rupture of fetal membranes 
during childbirth. Specific studies are needed to verify 
these hypotheses. Lastly, Hofbauer cells, which in our 
study we have called Type VTEM cells in electron 
microscopy, are frequent in fetal membranes and in 
placental trunks and villi. In the hAM they can be found 
distributed throughout the amniotic fibroblastic layer 
with typical macrophage morphology with numerous 
intracytoplasmic vacuoles of different electron density, 
related to lysosomal/phagocytic bodies in different states 
of digestion derived from phagocytosis of the 
extracellular matrix (Enders and King, 1970).  
 
Conclusion 
 
      In conclusion, the mesenchymal cells of the 
fibroblastic layer of the amniotic membrane studied are 
not a homogeneous population. Different cell types have 
been found that seem to indicate a transition from poorly 
differentiated cells to fibroblastic cells that are probably 
senescent. This transition also implies an increase in the 
expression of growth factors in them, as well as the 
accumulation of fibronectin protein in their RER. These 
results may be of interest both for the extraction of 
mesenchymal stem cells from the hAM for use in 

regenerative medicine, and for understanding the 
mechanisms of membrane rupture during childbirth. 
Both questions require a similar study to that carried out 
in other locations of the membrane, especially after 
normal births in which the membrane and the 
mesenchymal cells it contains have undergone the 
cellular stress associated with this process. 
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