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While the emergence of the diagnostic biopsy in the
1940s has helped to elucidate the pathophysiology of
most organs, our understanding of the placenta has,
until recently, lagged behind. With little opportunity for
serial biopsies, the placenta is most often examined
only at the end of a gestation, hampering our understanding of the dynamic, progressive nature of diseases of pregnancy involving the placenta. Now, a
more basic understanding of trophoblast biology and
the application of molecular biological tools to this
clinical material are beginning to advance the level of
knowledge for placental pathologists. Where once we
could only speculate about the pathological processes taking place during gestation, we are beginning to fit the pieces together into a more global understanding of the dynamic relationships between the
mother and placenta during pregnancy.
Three areas of research are converging on the placenta: basic trophoblast biology, the reproductive immunology of the uteroplacental unit, and infectious
agent identification. As the tools in each of these
areas have advanced, their application to problems
in placental pathology has helped to sort out the
causes and effects of a number of important diseases
of pregnancy, including preeclampsia, intrauterine
growth retardation, and infection.

Advances in Trophoblast Biology
Recent research has uncovered the pathways of
trophoblast differentiation from compartment to
compartment within the uteroplacental unit. Two
types of trophoblasts have been traditionally described: the cytotrophoblast and the syncytiotrophoblast. With the development of reproducible
methods of trophoblast culture,1 improved markers
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of trophoblast synthetic activity,2 and a deeper understanding of the functions that trophoblasts play
in the utero-placental unit,3-7 we have now been
able to identify more specific subsets of trophoblasts. These include the undifferentiated mononuclear precursor of all trophoblast forms, the cytotrophoblast; the endocrinologically active villous
syncytiotrophoblast; the junctional trophoblast that
attaches the anchoring villi to the maternal decidua
at Nitabuch's layer; and the invasive intermediate
trophoblast that migrates into the decidua, the myometrium, and finally the spiral arteries of the uterus.2
Cytotrophoblasts, the stem cells of all other trophoblast forms, can be most easily identified in the
chorionic villi throughout gestation as the large
mononuclear cells that separate the villous basement membrane from the overlying syncytial trophoblast layer. Although not always clearly identifiable
with hematoxylin and eosin-stained sections, cytotrophoblasts are particularly easy to recognize as
negatively stained cells when the placenta is immunohistochemically stained for one of many syncytiotrophoblast markers (ie, human chorionic gonadotropin or human placental lactogen).a This is especially true at term when, in comparison to the first
trimester, the number of cytotrophoblasts decreases. Purification and culture of cytotrophoblasts has
demonstrated that these cells express few trophoblast markers at first, but over a period of several
days they fuse to form syncytiotrophoblasts and acquire many differentiated trophoblast markers.2
Junctional trophoblasts are also derived from villous cytotrophoblasts. Examination of the villi adjacent to Nitabuch's layer at the placenta's attachment zone to the maternal decidua reveals a
population of large, mononuclear trophoblasts,
growing out of the villi, forming what has been
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called the cell columns. Classic histopathologists
have suggested that these trophoblasts anchor the
placenta to the uterus. Until recently, however, the
biochemistry and unique differentiation of these
cells were not appreciated. It seems that these cells
are engaged both in attachment and invasive
functions. Feinberg et a14 recently described a
unique fibronectin-trophouteronectin-expressed
by these cells. This fibronectin, which is one of the
class of oncofetal fibronectins,9 seems to be a specific marker of junctional trophoblasts because it is
present at the uteroplacental junction, at the junction of the trophoblasts of the external membranes
with maternal tissue, and at the junction of attaching
trophoblasts and fallopian tube epithelium in tubal
ectopic pregnancies. More recently, Zhou et al7
have shown that the trophoblasts of these attachment zones express different integrins at the placental side compared to the maternal side of the
column, suggesting a differentiation gradient between maternal and fetal environments. It is possible that one or more of the many growth factors and
cytokines made by the decidua may be involved in
the expression of both this unique form of trophoblast fibronectin and its associated integrins.10-18
Finally, Fernandez et al have shown that these cells
also express type IV collagenase, demonstrating
that, in addition to anchoring, at least some of these
trophoblasts are capable of extracellular matrix
degradation, a necessary component for trophoblast invasion.6
The presence of invasive trophoblasts within the
decidua and myometrium has been appreciated for
some time,19 but it is only recently that researchers
have attributed specific markers, and hence, specific functional characteristics, to these cells. The
first clear marker of the invasive trophoblast was
described by Kurman and colleagues,20 who demonstrated that first trimester invasive trophoblasts
react with anti-human placental lactogen antibodies. They coined the term intermediate invasive trophoblast partly because of its intermediate size between cyto- and syncytiotrophoblasts. Feinberg et
a13 demonstrated that these same cells express
plasminogen activator inhibitor type 1, suggesting
that intermediate invasive trophoblasts may utilize,
in addition to the collagenases, the plasminogen
activator system to perform their invasive function.
More recently, Zhou et al7 have shown that as trophoblasts leave the cell columns and enter the maternal space they lose integrins for basement membrane interactions (possibly laminin) and gain
integrins for fibronectin and type collagen interactions. In addition to the presence of markers of ex-

tracellular matrix interactions and proteases needed
for cell movement and invasion, these trophoblasts
also seem to express a unique monomorphic histocompatibility antigen: HLA-G.21'22 Researchers
think that this particular HLA serves to protect the
trophoblast from maternal recognition and destruction by decidual large granular lymphocytes, a type
of natural killer cell.2324
Collectively, these data point to a complex array
of factors that must be involved in the control of trophoblast differentiation.2 This complexity may also
help to explain the varied clinical diseases that can
be seen during pregnancy. We are now beginning
to appreciate that defects in trophoblast attachment
or trophoblast invasion may be the basis of such
clinical problems as faulty implantation (inadequate
or defective trophouteronectin), early pregnancy
loss (poor trophoblast invasion or loss of trophouteronectin), abruption (loss or down-regulation of integrins or trophouteronectin at the uteroplacental
junction), preeclampsia (abnormal, inadequate, impeded trophoblast invasion, or immune rejection of
invasive trophoblasts), placenta accreta (increased
trophoblast invasiveness or increased expression of
attachment factors), or even placental site tumor
and choriocarcinoma (loss of inhibition of trophoblast invasiveness or decrease in maternal surveillance of invasive trophoblasts).

Reproductive Immunology
A fundamental question still dominates reproductive
immunology: why doesn't the mother reject the placenta? For many years, the most we could do was
to describe the presence or absence of various inflammatory cells within the decidua and placenta
during pregnancy. Without specific markers it was
often unclear what these cells were, where they
came from, and what their function was in each location. In certain disease states of the placenta,
mononuclear cells can be seen infiltrating the chorionic villi of the placenta. Until the work of Redline
and Patterson25 (described elsewhere in this issue),
however, the origin of these cells has been controversial, some arguing for a fetal origin, some for a
maternal origin. Immunochemistry alone could not
answer this question. Their approach of using in situ
hybridization for Y and X markers in male gestations
is an excellent example of the use of molecular
techniques to answer persistent problems in placental pathology. From their studies, we now know
that the lymphocytes present in cases of villitis of
unknown etiology (VUE) are maternally derived, allowing us to focus on the causes of this apparent
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maternal immunological reaction against trophoblast and/or villous antigens.
Another example of the recent identification of an
important immune cell in the uteroplacental unit is
that of the large granular lymphocyte (LGL). Based
solely on hematoxylin and eosin sections, it was
thought that the nonstromal cells present in the endometrium in the late luteal phase and in pregnancy
were granulocytes.26 With the aid of specific antibodies and cell-surface markers, we now know that
many of these cells are CD56-positive LGLs, a natural killer-like cell.27-29 LGLs seem to be bone
marrow-derived cells that are chemoattracted into
the endometrial stroma during the late luteal phase
of the menstrual cycle30 and continue to be found in
the decidua during pregnancy.31 In vitro studies
suggest that LGLs are cytotoxic against trophoblasts23'24 and therefore may serve to limit trophoblast invasion. The relationship between LGLs and
trophoblasts seems to be complex because there is
evidence that cytokines are necessary for the activation of LGLs,32 that hormones33 and placental
proteins34 may regulate LGL function, and that trophoblasts may escape LGL attack by expressing
specific HLAs.2435 These studies are finally elucidating for us the mechanisms by which the placenta normally protects itself from maternal rejection and can give us a basis by which to treat
women whose immune cells inappropriately recognize and attack the placenta.

Infectious versus Immunological Diseases
of the Placenta
With the aid of highly specific antibodies and nucleic acid probes, many nonbacterial infectious diseases of the placenta that were previously not diagnosable can now be recognized. Human
immunodeficiency virus,36'37 cytomegalovirus,38'39
herpes simplex virus,40 parvovirus,41 measles virus,42 enterovirus,4 and hepatitis B44 have all been
identified within cells of the placenta and/or decidua in affected pregnancies. Because many kinds
of villidites are characterized by lymphocytic infiltration of the chorionic villi,45 distinguishing between
villitis of unknown etiology and infectious villitis can
be difficult without special staining. But the distinction is vital. Because villitis of unknown etiology
probably represents a maternal immunological reaction against fetal antigens-as suggested by the
work of Redline and Patterson25-its treatment
would be very different from potential treatments of

viral infections. Immunosuppressive therapies that
might be useful in cases of intrauterine growth retardation caused by maternal rejection of the placenta
would be clearly contraindicated in cases of viral infection of the placenta.
These studies have begun to elucidate the many
cellular interactions that take place between the
placenta and mother in normal and diseased pregnancies. Our next challenge will be to apply the insights we have been gaining about trophoblast biology and the immunology of the uteroplacental unit
to patients with complications of pregnancy. Although it is helpful to know what has happened in
the placenta, it is far better to know what will happen. With the advent of highly refined techniques
that make placental and decidual blood flow
visible,46-48 we are approaching the time when we,
like the liver and renal pathologists before us, may
be able to suggest responsibly that placental and
decidual biopsies during a gestation can be effective and safe tools to diagnose diseases of pregnancy.

References
1. Kliman HJ, Nestler JE, Sermasi E, Sanger JM, Strauss
JF Ill: Purification, characterization, and in vitro differentiation of cytotrophoblasts from human term placentae. Endocrinology 1986, 118:1567-1582
2. Kliman HJ, Feinberg RF: Trophoblast differentiation.
The First Twelve Weeks of Gestation. Edited by Barnea ER, Hustin J, Jauniaux E. New York, NY, SpringerVerlag 1992, pp 3-25

3. Feinberg RF, Kao LC, Haimowitz JE, Queenan JTJ,
Wun TC, Strauss JF3, Kliman HJ: Plasminogen activator inhibitor types 1 and 2 in human trophoblasts.
PAI-1 is an immunocytochemical marker of invading
trophoblasts. Lab Invest 1989, 61:20-26
4. Feinberg RF, Kliman HJ, Lockwood CJ: Oncofetal fibronectin: a trophoblast "glue" for human implantation? Am J Pathol 1991, 138:537-543
5. Damsky CH, Fitzgerald ML, Fisher SJ: Distribution patterns of extracellular matrix components and adhesion
receptors are intricately modulated during first trimester cytotrophoblast differentiation along the invasive
pathway, in vivo. J Clin Invest 1992, 89:210-222
6. Fernandez PL, Merino MJ, Nogales FF, Charonis AS,
Stetler-Stevenson W, Liotta L: Immunohistochemical
profile of basement membrane proteins and 72 kilodalton type IV collagenase in the implantation placental site. An integrated view. Lab Invest 1992, 66:572579
7. Zhou Y, Damsky CH, Chiu K, Roberts JM, Fisher SJ:
Preeclampsia is associated with abnormal expression
of adhesion molecules by invasive cytotrophoblasts. J

The Placenta Revealed 335
AJP August 1993, Vol. 143, No. 2

Clin Invest 1993, 91:950-960
8. Kliman HJ, Feinman MA, Strauss JF IlIl: Differentiation
of human cytotrophoblasts into syncytiotrophoblasts in
culture. Trophoblast Res 1987, 2:407-421
9. Matsuura H, Hakomori S: The oncofetal domain of fibronectin defined by monoclonal antibody FDC-6: its
presence in fibronectins from fetal and tumor tissues
and its absence in those from normal adult tissues
and plasma. Proc Natl Acad Sci USA 1985, 82:65176521
10. Ohisson R: Growth factors, protooncogenes and human placental development. Cell Differ Dev 1989, 28:
1-15
11. Kauma SW, Aukerman SL, Eierman D, Turner T:
Colony-stimulating factor-1 and c-fms expression in
hyman endometrial tissues and placenta during the
menstrual cycle and early pregnancy. J Clin Endocrinol Metab 1991, 73:746-751
12. Hofmann GE, Scott RT Jr, Bergh PA, Deligdisch L: Immunohistochemical localization of epidermal growth
factor in human endometrium, decidua, and placenta.
J Clin Endocrinol Metab 1991, 73:882-887
13. Hill JA: Cytokines considered critical in pregnancy.
Am J Rep Immunol 1992, 28:123-126
14. Jokhi PP, Chumbley G, King A, Gardner L, Loke YW:
Expression of the colony stimulating factor-1 receptor
(c-fms product) by cells at the human uteroplacental
interface. Lab Invest 1993, 68:308-320
15. Kauma SW: Interleukin-1 beta stimulates colonystimulating factor-1 production in human term placenta. J Clin Endocrinol Metab 1993, 76:701-703
16. Hofmann GE, Horowitz GM, Scott RTJ, Navot D: Transforming growth factor-alpha in human implantation trophoblast: immunohistochemical evidence for
autocrine/paracrine function. J Clin Endocrinol Metab
1993, 76:781-785
17. Horowitz GM, Scott RTJ, Drews MR, Navot D, Hofmann GE: Immunohistochemical localization of transforming growth factor-alpha in human endometrium,
decidua, and trophoblast. J Clin Endocrinol Metab
1993, 76:786-792
18. Guilbert L, Robertson SA, Wegmann TG: The trophoblast as an integral component of a macrophagecytokine network. Immunol Cell Biol 1993, 71:49-57
19. Pijnenborg R, Bland JM, Robertson WB, Brosens I:
Uteroplacental arterial changes related to interstitial
trophoblast migration in early human pregnancy. Placenta 1983, 4:397-414
20. Kurman RJ, Main CS, Chen H-C: Intermediate trophoblast: a distinctive form of trophoblast with specific
morphological, biochemical and functional features.
Placenta 1984, 5:349-370
21. Kovats S, Main EK, Librach C, Stubblebine M, Fisher
SJ, DeMars R: A class antigen, HLA-G, expressed in
human trophoblasts. Science 1990, 248:220-223
22. Fisher S: Invasive human cytotrophoblasts express a
nonpolymorphic MHC Class molecule, HLA-G. 40th

23.

24.

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Annual Meeting of the Society for Gynecologic
Investigation, 1993
Ferry BL, Sargent IL, Starkey PM, Redman CW: Cytotoxic activity against trophoblast and choriocarcinoma
cells of large granular lymphocytes from human early
pregnancy decidua. Cell Immunol 1991, 132:140-149
King A, Loke YW: On the nature and function of human uterine granular lymphocytes. Immunol Today
1991, 12:432-435
Redline RW, Patterson P: Villitis of unknown etiology is
associated with major infiltration of fetal tissue by maternal inflammatory cells. Am J Pathol 1993, (In press)
Noyes RW, Hertig AT, Rock J: Dating the endometrial
biopsy. Fertil Steril 1950, 1:3-25
Ferry BL, Starkey PM, Sargent IL, Watt GM, Jackson
M, Redman CW: Cell populations in the human early
pregnancy decidua: natural killer activity and response to interleukin-2 of CD56-positive large granular lymphocytes. Immunology 1990, 70:446-452
King A, Balendran N, Wooding P, Carter NP, Loke YW:
CD3-leukocytes present in the human uterus during
early placentation: phenotypic and morphologic characterization of the CD56++ population. Dev Immunol
1991, 1:169-190
Bulmer JN, Morrison L, Longfellow M, Ritson A, Pace
D: Granulated lymphocytes in human endometrium:
histochemical and immunohistochemical studies. Hum
Reprod 1991, 6:791-798
Starkey PM, Clover LM, Rees MC: Variation during the
menstrual cycle of immune cell populations in human
endometrium. Eur J Obstet Gynecol Reprod Biol 1991,
39:203-207
Starkey PM, Sargent IL, Redman CW: Cell populations
in human early pregnancy decidua: characterization
and isolation of large granular lymphocytes by flow
cytometry. Immunology 1988, 65:129-134
King A, Loke YW: Human trophoblast and JEG choriocarcinoma cells are sensitive to lysis by IL-2stimulated decidual NK cells. Cell Immunol 1990, 129:
435-448
Hansen KA, Opsahl MS, Nieman LK, Baker JRJ, Klein
TA: Natural killer cell activity from pregnant subjects is
modulated by RU 486. Am J Obstet Gynecol 1992,
166:87-90
Okamoto N, Uchida A, Takakura K, Kariya Y, Kanzaki
H, Riittinen L, Koistinen R, Seppala M, Mori T: Suppression by human placental protein 14 of natural
killer cell activity. Am J Reprod Immunol 1991, 26:
137-142
King A, Kalra P, Loke YW: Human trophoblast cell resistance to decidual NK lysis is due to lack of NK target structure. Cell Immunol 1990, 127:230-237
Backe E, Jimenez E, Unger M, Schafer A, Jauniaux E,
Vogel M: Demonstration of HIV-1 infected cells in human placenta by in situ hybridisation and immunostaining. J Clin Pathol 1992, 45:871-874

336

Kliman

AJP August 1993, Vol. 143, No. 2

37. Martin AW, Brady K, Smith SI, DeCoste D, Page DV,
Malpica A, Wolf B, Neiman RS: Immunohistochemical
localization of human immunodeficiency virus p24 antigen in placental tissue. Hum Pathol 1992, 23:411414
38. Sachdev R, Nuovo GJ, Kaplan C, Greco MA: In situ
hybridization analysis for cytomegalovirus in chronic
villitis. Pediatr Pathol 1990, 10:909-917
39. Muhlemann K, Miller RK, Metlay L, Menegus MA: Cytomegalovirus infection of the human placenta: an immunocytochemical study. Hum Pathol 1992, 23:12341237
40. Schwartz DA, Caldwell E: Herpes simplex virus infection of the placenta. The role of molecular pathology in
the diagnosis of viral infection of placental-associated
tissues. Arch Pathol Lab Med 1991, 115:1141-1144
41. Field AM, Cohen BJ, Brown KE, Mori J, Clewley JP,
Nascimento JP, Hallam NF: Detection of B19 parvovirus in human fetal tissues by electron microscopy. J
Med Virol 1991, 35:85-95
42. Moroi K, Saito S, Kurata T, Sata T, Yanagida M: Fetal
death associated with measles virus infection of the
placenta. Am J Obstet Gynecol 1991, 164:1107-1108

43. Garcia AG, Basso NG, Fonseca ME, Zuardi JA, Outanni HN: Enterovirus associated placental morphology: a light, virological, electron microscopic and immunohistologic study. Placenta 1991, 12:533-547
44. Lucifora G, Calabro S, Carroccio G, Brigandi A: Immunocytochemical HBsAg evidence in placentas of asymptomatic carrier mothers. Am J Obstet Gynecol
1988, 159:839-842
45. Benirschke K, Kaufmann P: Pathology of the Human
Placenta. New York, NY, Springer-Verlag, 1990, pp
585-613
46. Jauniaux E, Jurkovic D, Campbell S, Kurjak A, Hustin
J: Investigation of placental circulations by color Doppler ultrasonography. Am J Obstet Gynecol 1991, 164:
486-488
47. Voigt HJ, Becker V: Doppler flow measurements and
histomorphology of the placental bed in uteroplacental insufficiency. J Perinat Med 1992, 20:139-147
48. Harris RD, Barth RA: Sonography of the gravid uterus
and placenta: current concepts. AJR Am J Roentgenol 1993, 160:455-465

