
           Ashcraft & Gerel, LLP
Attorneys & Counsellors at Law 

Established in 1953 Lee C. Ashcraft 1908 – 1993 | Martin E. Gerel 1918 – 2011

Baltimore Fairfax Landover Silver Spring Washington D.C. 
10 East Baltimore St. 8280 Willow Oaks Corp. Dr. 4301 Garden City Dr. 8403 Colesville Rd. 1825 K Street, NW

Suite 1212 Suite 600 Suite 301 Suite 1250 Suite 700
Baltimore, MD 21202 Fairfax, VA 22031 Landover, MD 20785 Silver Spring, MD 20910 Washington, D.C., 20006

December 24, 2019 

Honorable Freda L. Wolfson, Chief Judge 
United States District Court 
Clarkson S. Fisher Building & US Courthouse 
402 East State Street 
Trenton, NJ 08608 

Re:  In Re: Johnson & Johnson Talcum Powder Products Marketing, 
Sales Practices and Products Liability Litigation (MDL No. 2738)

Dear Chief Judge Wolfson: 

The PSC writes to bring to the Court’s attention four peer-reviewed 
publications that have been published since the Daubert hearing and that support the 
PSC’s general causation experts’ opinions that Johnson & Johnson’s talcum powder 
products can cause ovarian cancer: 

 Steffen, JE., et al. Serous Ovarian Cancer Caused by Exposure to Asbestos in 
Cosmetic Talc Powders – A Case Series Serous Ovarian Cancer Caused by 
Asbestos in Cosmetic Talc.  Journal of Occupational and Environmental 
Medicine. DOI: 10.1097/JOM.0000000000001800. (published ahead of print) 
(Dec. 23, 2019) (attached as Exhibit A).  Investigators, including PSC experts 
Drs. Longo and Rigler, reported on 10 cases of serous ovarian cancer among 
users of Johnson & Johnson’s asbestos-containing talcum powder products.  
They performed an asbestos exposure assessment during talc application. The 
investigators analyzed the surgical tissue of the patients as well as the talc 
containers used by the patients. Platy talc was found in the tissue of 9 out of 
10 cases; fibrous talc was found in 8/10 cases; tremolite and/or anthophyllite 
asbestos was found in 8/10 cases. The asbestos fibers found in the cosmetic 
talc containers matched those found in tissues. The estimated inhaled asbestos 
dose ranged from 0.38 to 5.18 fiber years. None of the cases reported in the 
series had any known history of alternative asbestos exposure.  The study 
provides evidence that the inhaled asbestos/fibrous talc from the application 
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of cosmetic talc can cause ovarian cancer. “The unique combination of the 
types of asbestiform minerals detected in cancerous tissue and ‘cosmetic’ talc 
is a fingerprint for exposure to asbestos-containing talc.” 

 O’Brien, KM, et al. Genital Powder Use and Risk of Ovarian Cancer: A 
pooled analysis. ASPO Abstracts (American Society of Preventive 
Oncology). Dec. 17, 2019 (attached as Exhibit B):  One of the Johnson & 
Johnson Defendants’ primary arguments in support of their position that the 
epidemiologic literature does not support causation is that the cohort studies 
do not show a statistically significant increased risk between genital powder 
use and ovarian cancer, and therefore, are inconsistent with other study 
designs. The National Cancer Institute’s Ovarian Cancer Cohort Consortium 
conducted a pooled data study from the four large cohort studies.  The data 
included 2,073 cases of ovarian cancer. The investigators observed that there 
is a statistically significant 9% increase in ovarian cancer with ever powder 
use, compared to never use (hazard ratio [HR] = 1.09, 95% confidence interval 
[CI] = 1.00, 1.20). “The strongest association was observed among women 
with patent reproductive system, e.g. had a uterus and had not had tubal 
ligation, at the time powder exposure was assessed (HR=1.15, 95% CI: 1.03, 
1.29). There were no clear differences by ovarian cancer subtype.” The 11 
investigators who conducted the study are from institutions such as the NCI, 
Harvard Medical School, Johns Hopkins University, among others, and their 
work was funded by the NCI.   

 Mandarino, A., et al. The effect of talc particles on phagocytes in co-culture 
with ovarian cells. Environmental Research 180 (2020) 108676 (attached as 
Exhibit C):  The investigators in an in vitro study evaluated the immunotoxic 
effect of talc as compared to a control.  Using macrophage cells, similar to 
those used by Dr. Saed, the investigators “found that murine ovarian surface 
epithelial cells (MOSEC), a prototype of certain forms of ovarian cancer, were 
present in larger numbers after co-culture with macrophages treated to a 
combination of talc and estradiol than to either agent alone or vehicle. Control 
particles did not have this effect. Co-exposure of macrophages to talc and 
estradiol led to increased production of reactive oxygen species and changes 
in expression of macrophage genes pertinent in cancer development and 
immunosurveillance.” These results, from independent scientists from 
Harvard University, the University of Rochester, and Brown University, are 
consistent with and support Dr. Saed’s research and opinions regarding the 
biological effects of Johnson’s Baby Powder in cell cultures.  
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 McDonald, SA., et al. Migration of Talc from the Perineum to Multiple Pelvic 
Organ Sites:  Five Case Studies With Correlative Light and Scanning Electron 
Microscopy. Am J Clin Pathol 2019;XX:1–18 (attached as Exhibit D).  The 
investigators reported data from five patients with documented perineal 
talcum powder use.  In each instance involving exposed patients, talc (talc 
particles and in some instances, talc fibers (i.e., fibrous talc)) was documented 
by polarized light microscopy and scanning electron microscopy in multiple 
pelvic sites distant from the perineum.  These sites included pelvic region 
lymph nodes, cervix, uterine corpus, fallopian tubes and ovaries. The 
existence of morphologically demonstrated talc in multiple pelvic organ sites, 
including pelvic tissues and lymph nodes simultaneously, reported in this 
publication has not been reported in the literature previously and confirms the 
“biologic potential of talc, its inflammatory potential, and its migration via 
pelvic lymphatics from the perineum.” This publication supports the opinions 
of each of the PSC’s general causation experts that talcum powder can migrate 
from the perineum to the upper genital tract. 

Thank you for your consideration of these additional scientific publications.  
Should the Court have any questions or require additional information, please let us 
know.  We hope you have a happy holiday. 

Very truly yours, 

/s/ Michelle A. Parfitt  /s/ P. Leigh O'Dell 
Michelle A. Parfitt  P. Leigh O'Dell  

cc:      All counsel of record via ECF notification
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The e!ect of talc particles on phagocytes in co-culture with ovarian cancer

cells

Angelo Mandarinoa, David J. Gregoryb, Connor C. McGuirec, Brian W. Leblanca, Hadley Witta,

Loreilys Mejias Riveraa, John J. Godleskid,e,f, Alexey V. Fedulova,f,∗

a Alpert Medical School of Brown University, Department of Surgery, Division of Surgical Research, Rhode Island Hospital, Providence, RI, USA
b Harvard Medical School, Massachusetts General Hospital, Department of Pediatrics, Boston, MA, USA
c University of Rochester Medical Center, Department of Environmental Medicine, Rochester, NY, USA
d John J. Godleski, MD, PLLC, Milton, MA, USA
e Harvard Medical School, Department of Pathology (Emeritus), Boston, MA, USA
f Department of Environmental Health, Harvard TH Chan School of Public Health (Retired), Boston, MA, USA
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A B S T R A C T

Talc and titanium dioxide are naturally occurring water-insoluble mined products usually available in the form

of particulate matter. This study was prompted by epidemiological observations suggesting that perineal use of

talc powder is associated with increased risk of ovarian cancer, particularly in a milieu with higher estrogen. We

aimed to test the e!ects of talc vs. control particles on the ability of prototypical macrophage cell lines to curb

the growth of ovarian cancer cells in culture in the presence of estrogen.

We found that murine ovarian surface epithelial cells (MOSEC), a prototype of certain forms of ovarian

cancer, were present in larger numbers after co-culture with macrophages treated to a combination of talc and

estradiol than to either agent alone or vehicle. Control particles (titanium dioxide, concentrated urban air

particulates or diesel exhaust particles) did not have this e!ect. Co-exposure of macrophages to talc and estradiol

has led to increased production of reactive oxygen species and changes in expression of macrophage genes

pertinent in cancer development and immunosurveillance. These !ndings suggest that in vitro exposure to talc,

particularly in a high-estrogen environment, may compromise immunosurveillance functions of macrophages

and prompt further studies to elucidate this mechanism.

1. Introduction

Macrophages (MФ) phagocytize foreign particles and destroy ma-

lignant cells (Dunn et al., 2004); however, it is not often that these two

activities are analyzed in the same context. This study was prompted by

the epidemiological observation that cosmetic talc powder may be

contributing to the risk of ovarian cancer (OC) (Penninkilampi and

Eslick, 2018): we tested the hypothesis that interaction with talc par-

ticles compromises the MФs by reducing their anti-tumor abilities.

Talc (hydrous magnesium silicate) is a mined substance considered

‘inert’ and used in cosmetic products including baby powder. Until

1970's talcum powder may have been contaminated with asbestos,

which prompted the International Agency for Research on Cancer

(IARC) to declare it carcinogenic to humans (class 1). Since approxi-

mately this time talc has been thought to be asbestos-free; nevertheless

the IARC concluded that even talc not containing asbestos is possibly

carcinogenic to humans (class 2b) (Baan et al., 2006), however the

mechanisms were not entirely clear. Dozens of epidemiologic studies

(Booth et al., 1989; Chang and Risch, 1997; Chen et al., 1992; Cook

et al., 1997; Cramer et al., 1999; Godard et al., 1998; Harlow et al.,

1992; Harlow and Weiss, 1989; Mills et al., 2004; Ness et al., 2000a;

Purdie et al., 1995; Rosenblatt et al., 1998; Tzonou et al., 1993;

Whittemore et al., 1988; Wong et al., 1999; Gertig et al., 2000;

Hankinson et al., 1993) have identi!ed a 35% increase in ovarian

cancer (OC) risk for women who used cosmetic talc powder in the

genital area (Cramer et al., 2016; Langseth et al., 2008). While the

association is being actively debated (Muscat and Huncharek, 2008), a

recent epidemiologic study suggests the association is stronger for

women who were premenopausal or were postmenopausal but taking

estrogen replacement therapy (Cramer et al., 2016). It is estimated that

https://doi.org/10.1016/j.envres.2019.108676
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genital use of talc might account for 10–11% of OC cases in this country

each year (Cramer et al., 1999); OC has a signi!cant contribution to the

quality of life and surgical burden of disease.

The mechanism behind this link is unknown; but there are some

insights. First, there is clear evidence that particles the size of talc, if

they are present in the vagina, easily traverse to the upper female

genital tract (Henderson et al., 1971; Heller et al., 1996; Edelstam et al.,

1997; Sjosten et al., 2004; Cramer et al., 2007; McDonald et al., 2019a,

2019b). Second, the talc association was more apparent in pre-

menopausal women and those postmenopausal women who were

taking estrogen replacement therapy (Cramer et al., 2016) suggesting

higher estrogen may ignite the pathogenesis (Berge et al., 2018). Third,

some but not all experimental data suggest that talc particles are not

completely innocuous: (NTP, 1993; Hamilton et al., 1984; Frazier-

Jessen et al., 1996).

The epidemiologic data are at odds with the perception of talcum

powder as a relatively inert, insoluble cosmetic substance that appears

to have been well-tested and safe - as a chemical. However it is possible

that talc, while it may not be directly mutagenic as a chemical com-

pound (Boorman and Seely, 1995; Pickrell et al., 1989), is a hazardous

factor as a particle. The approach and assays we used here stem from

our prior interest in particulate matter and how macrophages interact

with particles (e.g. (Zhang et al., 2015; Fedulov et al., 2008)); here we

focused not on the process of carcinogenesis but rather on the im-

munotoxic e!ect of talc. Our hypothesis is that, in a high-estrogen

environment, exposure to talc particles alters MФ functions to permit

increased survival of malignant cells. We postulate this could occur via

a release of tissue-damaging factors (e.g. reactive oxygen species, ROX)

and/or by compromising immunosurveillance abilities of the MФs and

their tumoricidal e!ectiveness.

2. Materials and methods

We used phagocytic murine cells lines J774 and IC21 and in some

experiments RAW264.7 (ATCC; Manassas, VA) as phagocytes. These

lines have been historically used to test the e!ects of female hormones

on MФs with success (Benten et al., 2001a; Pisetsky and Spencer, 2011;

Hayashi et al., 1998). The J774 cells are ‘chromosomally female’ and

thus are a better ‘prototypical macrophage’ for testing of estrogen ef-

fects. The IC-21 cell line was obtained by transformation of normal

C57BL/6 mouse peritoneal macrophages (Mauel and Defendi, 1971).

This line shares many properties with normal mouse MФ and displays

МФ-speci!c antigens. IC-21 cells have phagocytic and cytolytic prop-

erties, can lyse tumor targets in-vitro (Crawford et al., 1990) and appear

to be a terminally di!erentiated macrophage line (Walker and Demus,

1975; Walker and Gandour, 1980). Hence they are more relevant to OC,

however they are ‘genetically male’ and thus may be less responsive to

estrogen although they also express estrogen receptors and respond to

estrogen stimulation (Benten et al., 2001b).

These cells were maintained in 100-mm Petri dishes in DMEM (for

J774) or RPMI-1640 (for IC21) free of phenol red, supplemented with

10% FBS, 2 mM L-glutamine, penicillin (100 U/mL), streptomycin

(100 μg/mL) and 10mM HEPES.

Tumoricidal e! ciency of the MФ was tested in a standard MФ-

tumor co-culture using the murine ovarian surface epithelial cell line

(MOSEC) ID8 (Roby et al., 2000) provided by Dr. Katherine Roby

(University of Kansas). ID8 cells most closely resemble human epithelial

form of OC, which contributes to 90% of the cases (Roby et al., 2000;

Greenaway et al., 2008). We have transduced these cells with an EF1α-

GFP lentiviral construct (GenTarget, Inc.) containing Blasticidin-S

deaminase and validated that !uorescence was at acceptably stable

level in preliminary studies (Fig. 5). These cells were maintained in

DMEM with stable L-Glutamine (10-101-CV, Corning) and supple-

mented with 10% FBS, penicillin (100 U/mL), streptomycin (100 μg/

mL), Blasticidin S (10 μg/mL, Gibco) and ‘ITS media supplement’ con-

taining 1.0 mg/mL recombinant human insulin, 0.55 mg/mL human

transferrin (substantially iron-free), and 0.5 μg/mL sodium selenite

(1:100) from Sigma-Aldrich.

Talc (Mg3Si4O10(OH)2, CAS Registry Number: 14807-96-6, USP

grade, particle diameter < 10 μm, was obtained via JT Baker (Batch

No: 0000184513) and is certi!ed as asbestos-free. The particles were

suspended in PBS and !ltered through 30 μm nylon mesh !lters (no

visible loss of material has occurred). We did not use any commercial

talc products.

Titanium dioxide (TiO2), CAS Registry Number 13463-67-7, control

particles (with mean particle size of ~1 μm) were a gift from Dr. L.

Kobzik (Harvard School of Public Health, Boston, MA); these were used

previously in our studies (Zhang et al., 2015; Fedulov et al., 2008).

Concentrated urban air particles (CAP) were obtained via Harvard

School of Public Health particle concentrator (batch #816) and re-

present urban contaminants typically present in Boston air (Zhou and

Kobzik, 2007; Imrich et al., 2000; Sigaud et al., 2007). They were

suspended in PBS and used as is without !ltering or sterilization.

Diesel exhaust particles (DEP) were generously provided by Dr. Ian

Gilmour at the U.S. Environmental Protection Agency and used by us in

earlier studies (Fedulov et al., 2008; Gregory et al., 2017). They were

also suspended in PBS and used as is without !ltering or sterilization.

All particles were of comparable “!ne” size although not identical,

see Fig. 1. All particles were sonicated on ice to break up clumps using

Qsonica Q55 probe sonicator.

Prior to experiments the cells were serum-starved for 24 h in

Macrophage-SFM (serum free medium) (Gibco/Life Sciences). Adherent

cells (in black-walled 96-well tissue culture treated plates, Corning)

were then treated to 17-β estradiol (E2) (cell culture grade, Sigma

Aldrich) in a range of concentrations from 10 to 0.0001 μg/mL; ethanol

served as vehicle control. Talc (or control particle) suspension was

added at the same time as estradiol in doses from 0.1 to 20 μg/well in

dose-response experiments and in dose 10 μg/well otherwise. Detection

of reactive oxygen species (ROX) was performed after 4 h via Cell ROX

Green Flow Cytometry Assay (Molecular Probes). Viability analysis and

cell count veri!cation were done after 24 h of incubation via staining

with Annexin V and Sytox (Invitrogen). RNA isolation (via RNEasy kit,

Qiagen) for gene expression testing was done after 24 h as well.

Co-cultures with MOSEC-GFP cells continued for 72 h; MOSEC-GFP

cells were added at 5:1 (MФ:MOSEC) ratio; particles were almost en-

tirely phagocytized by MФs by this time (Fig. 1 Panel 2) therefore we do

not assume that MOSEC cells were exposed to particles. Medium with

fresh estradiol (at the same concentration as the original) was replaced

every 24 h to compensate for the estradiol decay. At 72 h the cells were

detached (TrypLE, Lonza), washed once with phenol red – free RPMI

containing 10% FBS and resuspended in !ow cytometry (FACS) bu!er

(PBS + 0.5% bovine serum albumin, Gibco) for analysis.

Flow cytometry was performed using MACSQuant Analyzer cyt-

ometer (Miltenyi) running MACSQuantify Software V2.11. Samples

were gated based on their forward and side scatter to exclude the

smallest debris and large clumps. The analysis region (gate) dis-

tinguished GFP-bright MOSEC cells from mildly auto!uorescent MФ;

we calculated percentage and mean !uorescence intensity (MFI) in the

GFP channel for the GFP-bright MOSEC region. The integral !uores-

cence index was calculated as a product of ‘percent positive’ multiplied

by ‘MFI value’ and re!ects the ratio of surviving GFP-MOSEC cells

normalized to the number of MФs in combination with the extent of

GFP transgene expression (Csepregi et al., 2018; Kamau et al., 2001).

Talc particles did not contribute to the !uorescence signal (Fig. 5).

Microscopy. To visualize engulfment of talc particles the cells were

treated with talc suspensions as described. After 24 h the cells were

detached by trypsinization, and centrifuged onto standard microscopy

slides (VWR) via Cytospin II (Shandon). The slides were !xed with

methanol and stained by Di!-Quik, a version of Romanowski stain. The

images were made on an Olympus BH-2 light microscope with attach-

ments for polarized light microscopy and an Olympus Q-Color 5

camera. All pictures were taken with the same degree of partially

A. Mandarino, et al. Environmental Research 180 (2020) 108676
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crossed polarizers so that black particles, birefringence of particles, and

the cells could be observed.

To visualize the co-cultures with !uorescent MOSEC cells with and

without talc and control particles we used Nikon Eclipse Ti2 microscope

with associated camera and software.

Gene expression pro!ling was achieved via Cancer PathwayFinder

Fig. 1. Microscopic observation of particle phagocy-

tosis.

Panel I: Free-lying particles. Particle suspensions

were sonicated and plated freely in 300 µL of PBS,

allowed to settle to the bottom for 1 hr and photo-

graphed using Nikon Eclipse Ti2 microscope. 400X.

Panel II: Particles phagocytized in the attached cells

after 24 hours. Attached cells were treated to particle

suspensions and allowed 24 hours to phagocytize.

Nikon Eclipse Ti2; 400X.

Panel III: Particles phagocytized in the detached and

stained cells after 24 hours. J774 cells without par-

ticles (A) and after 24 exposure to TiO2 (B), talc (C),

CAP (D) and DEP (E). Cytospin slides. Staining: Di!-

Quik, original magni!cation for all images: 400X, on

all images-bar: 20 µm. Olympus BH-2 light micro-

scope with attachments for polarized light micro-

scopy and an Olympus Q-Color 5 camera. All pictures

were taken with the same degree of partially crossed

polarizers so that black particles, birefringence of

particles, and the cells could be seen. Note that talc

and TiO2 particles are birefringent, and single bi-

refringent particles were seen in CAP and DEP pre-

parations.
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RT2 Pro!ler PCR Array (Qiagen) which interrogates 84 cancer-perti-

nent genes using the CFX96 real-time PCR system (Bio-Rad) and CFX

Manager 2.0 software (Bio-Rad). Raw Cq values for all genes (GOI)

were normalized to an average of 5 housekeeping genes (HKG): Actb,

B2m, Gapdh, Gusb and HSP90ab1 (NormΔCq = (Cq(GOI) - Ave Cq

(HKG)). Expression values were obtained using formula 2^

(-NormΔCq)*1000. These values were assembled into a matrix to be-

come an input !le for statistical analysis via TIGR Mev 4.9 (Saeed et al.,

2003). Data were analyzed via Pavlidis Template Matching (PTM)

method (Pavlidis and Noble, 2001) using the threshold p-value 0.05. In

the heatmaps, red color indicates higher expression, green – low ex-

pression; row-normalized color intensity is proportional to the value for

each gene in each sample.

All co-culture experiments were repeated more than 3 times. Each

measurement was done in duplicate or triplicate. Triplicate RNA sam-

ples were selected from one representative experiment for gene ex-

pression analysis. Data are presented as Mean ± SEM. Data plotting

and statistical analysis (other than array data) was performed using

Excel 2007 (Microsoft) and Prism 7.02 (GraphPad Software); statistical

signi!cance was accepted when p < 0.05. To estimate signi!cance of

di!erences between groups we used the non-parametric Mann-Whitney

U test, one-way or two-way ANOVA with Tukey, Fisher or HolmeSidak

tests, or Kruskal-Wallis ANOVA with Dunn's or Dunnett's test as dictated

by the number of groups, data normality and experimental question.

3. Results

3.1. E!ect of talc and estradiol on the phagocytes

MФs were treated with vehicle alone (ethanol), talc alone, estradiol

(E2) alone, or the combination of E2 and talc (Fig. 1). Costimulation of

MФs with estradiol (E2) and talc produced an additive e!ect on ROX

production (Fig. 2). While control TiO2 particles were also phagocy-

tized, the production of ROX was only slightly increased in J774 cells

and not increased in IC21 cells (not tested in RAW264.7).

Gene expression pro!ling was performed via PCR-array aimed at

detection of genes relevant in cancer pathways (see Qiagen PAMM-

033ZD for the full list). Fig. 3B demonstrates a cluster of genes sig-

ni!cantly upregulated by talc in the two types of phagocytes: inter-

estingly in J774 cells the e!ect of talc was prominent with or without

E2, when in IC21 cells the co-e!ect of talc and E2 is better seen. When

examining both cell types, we found patterns of similarity in the in-

creased expression of this set of genes. Quite notably this cluster in-

volves genes of extracellular, outer-membrane and releasable nature

that are pertinent in carcinogenesis (see Discussion for details).

Fig. 3A demonstrates a cluster of genes co-inhibited by talc and E2,

suggesting a strong co-e!ect of particles and the hormone, but also

(more so for J774 cells) the e!ect of talc alone. Many of these genes

encode intracellular factors pertinent to immunosurveillance, see Dis-

cussion for details. Many of the genes (but not all) were a!ected si-

milarly in all three or in two out of the three cell types we tested.

In summary, talc alone and especially in combination with E2

produced changes in gene expression that may promote pro-tumori-

genic environment and less e! cient surveillance (tumoricidal) activity

of the macrophages.

Exposure of MФs to talc or E2 did not lead to signi!cant increases in

staining with Annexin V or Sytox (Fig. 4) or any noticeable changes in

cell numbers in the 24 h period; the exceptionally high doses did oc-

casionally decrease the viability of the MФs (however slightly), hence

we did not employ these concentrations in further experiments. Some

variability in this staining is reported in Fig. S2.

3.2. E!ect of phagocytes pre-treated with talc and estradiol on MOSEC ID8

cells

Wildtype MOSEC ID8 cells were transduced to express GFP under

EF1a promoter. GFP+ MOSEC ID8 cells were added for 72 h with ad-

dition of fresh E2 every 24 h of that period. Visualization of the co-

culture was performed via an Eclipse Ti2 UV microscope (Nikon) with

associated camera and software (Fig. 5). Detection of surviving

GFP+ MOSEC cells was performed via !ow cytometry.

MФs were treated with particles in the presence of estradiol (E2) or

vehicle, as before; in control samples talc was replaced by TiO2, CAP or

DEP particles.

In dose-response experiments we observed that talc and E2 have

potentiated the e!ect, the magnitude varied depending on the MФ cell

line but the !ndings (Fig. 6) re!ect that both substances had dose-re-

sponse kinetics. IC21 cells did not appear as sensitive to E2 as J774.

Fig. 7 demonstrates that neither particle had a statistically sig-

ni!cant cytotoxic e!ect at 10 μg/well with or without E2 at 24 h (im-

mediately before MOSEC cells were added). We report a microscopic

observation that talc-treated cells appeared more fragile than any

controls. Microscopically and via !ow cytometry we also report that

most particles were phagocytized at this timepoint, with only single

particulates remaining outside the cells. MOSEC-GFP cells were then

added and co-cultured for 72 h.

Our key !nding is presented in Fig. 8. A combination of talc and E2

(but not of control particles and E2) has allowed signi!cantly increased

MOSEC-GFP readings compared to especially the vehicle-only control

where most MOSEC cells were eliminated from the co-culture. Of note,

talc alone tended to be e!ective (albeit not statistically signi!cant in all

experiments or pooled data), especially for IC-21 cells. The particles

alone (when no MФs were present) did not signi!cantly a!ect the

numbers of MOSEC cells after 72 h; there was a trend towards a slight

decrease in cell numbers (Fig. 7G).

In a subset of experiments (with IC21 cells) we recorded the number

Fig. 2. Production of ROX at 4 h (!ow cytometry) was enhanced by either E2 or talc alone, the e!ect was additive. n = 2/group. *P < 0.05, **P < 0.01,

***P < 0.05 (Tukey).
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Fig. 3. PCR array pro!ling at 24 h exposure. Gene expression values were analyzed using Pavlidis Template Matching (PTM) with a threshold p-value of 0.05. Color

is proportionate to gene expression (green = lowest, red = highest). A. Inhibitory e!ect: We aimed to identify genes most inhibited by the combination of estrogen

and talc, but also a!ected by talc particles alone: the expression pattern of Aurka served as the template for RAW264.7 cell samples; matching template values

(control: 0.9, estrogen: 0.9, talc: 0.4, both: 0) were used for J774 and IC21 cell samples. B. Stimulatory e!ect: Similarly, the template (control: 0, estrogen: 0, talc: 0.8,

both: 1) aimed to identify targets most upregulated by the combination of estrogen and talc, but as well those increased by talc particles alone. Each sample tested is

shown individually: N = 3 per group, total N = 36.
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of GFP+ MOSEC (per microliter of cytometry bu!er) and it was con-

sistently (with !uorescence) higher in the wells where MФs were

treated with Talc+E2 but not with TiO2+E2 or E2 alone

(Supplementary Fig. 1).

In a validation experiment we used an alternative approach which

did not involve a GFP transgene. RAW 264.7 MФs were treated to talc

particles and E2 similarly and co-cultured with wildtype MOSEC cells.

After a 72-h co-culture the MOSECs were labeled with Calcein AM

whereas the MФs were labeled with anti- Ly6-C and anti-CD45; a pro-

liferation ratio calculation revealed that the combination of talc and E2

allowed a larger proportion of MOSEC cells than either agent alone

(Fig. S3).

In summary, a combination of talc and E2 especially, and in some

cases talc alone, a!ected the MФs to permit higher MOSEC-GFP sur-

vival.

C, D: Cytotoxicity analysis. IC21 or J774 cells were treated to

particles alone or in combination with E2 for 24 h and analyzed via

Sytox Green and Annexin V PE staining. N = 3 per group.

4. Discussion

This is the !rst study linking the macrophage, talc particles and

estrogen in a potential mechanism to explain the e!ect of talc behind

the ovarian cancer statistics seen in epidemiology studies. Histology of

surgically resected tissues shows that in the setting of known exposure,

talc has been capable of migrating from the perineum to pelvic lymph

nodes, ovary, fallopian tube, uterus and cervix (Cramer et al., 2007;

McDonald et al., 2019a, 2019b); however carcinogenicity studies in-

dicated that prolonged exposure to talc inhalation by some experi-

mental animals does not induce cancer (Hamilton et al., 1984; Frazier-

Jessen et al., 1996; Boorman and Seely, 1995; Pickrell et al., 1989)

although some tumors, tumor-like morphological changes and

Fig. 4. Dose-response cytotoxicity analysis. Talc and E2 were not signi!cantly toxic to macrophages alone or in combinations used. J774 cells or IC21 cells were

exposed for 24 h to either increasing doses of estradiol in presence of 10 μg/well of talc, or to increasing doses of talc in presence of 2 μg/mL of estradiol. Cells were

stained for apoptosis and necrosis via Annexin V and Sytox assay kit; !ow cytometry determined the percentage of positive cells plotted here. Pooled data from three

experiments are shown. n = 6 to 8 per group. *P < 0.05; **P < 0.01 (Dunn).

Fig. 5. Co-culture visualization: co-culture of IC21 macrophages with wildtype (1) or GFP+ MOSEC cells (2) with talc photographed at the same setting in the

FITC/GFP channel. Magni!cation X400; Nikon Eclipse Ti2.
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macrophage activation were reported (Shim et al., 2015; NTP, 1993;

Hamilton et al., 1984).

Three particular lines of evidence argue that the estrogen milieu

may determine the e!ects of talc: A) in humans, the talc association was

more apparent in premenopausal women and those postmenopausal

women who were taking estrogen replacement therapy (Cramer et al.,

2016); B) in rodents, lung tumors developed in female, not male rats

exposed to talc (NTP, 1993); and C) our own work indicating that es-

tradiol (E2) a!ects MФ uptake of particles (Zhang et al., 2015). No-

tably, there is no literature to suggest asbestos-free talcum powder

causes any cancers in men.

Here we focused on the MФ because A) MФs are the !rst to en-

counter and engulf talc particles; once phagocytized, these particles

persist inside the MФ (Goldner and Adams, 1977); B) MФs are part of

innate immunity responsible for the removal of aberrant, malignant

cells (Dunn et al., 2004); they are especially active when primed

(Hagemann et al., 2008). C) MФs produce aggressive molecules capable

of driving persistent tissue damage; and D) in patients with ovarian

tumors, talc is observed within MФs (Cramer et al., 2007).

Of note, the literature does not suggest an association of chronic

pelvic in!ammatory diseases with perineal talc use (Merritt et al.,

2008), indicating that typical cytokine pathways are unlikley to make a

signi!cant contribution (although in!ammation can be a contributing

factor in OC (Ness et al., 2000b)). Moreover, in a typical model, the

MФs are co-cultured over a large amount of tumor cells which leads to

alternative activation (M2) phenotype, also called tumor-associated

MФs (Hagemann et al., 2006). These cells have distinct expression

pro!les and may be a suitable model to study processes in established

tumors, whereas we are focused on the onset of the process. We em-

phasize that E2 pre-treatment does not a!ect this polarization per se

(Wang et al., 2015); in our preliminary studies markers of M1 vs. M2

phenotype were unchanged (not shown). This is consistent with our

hypothesis that combination of talc and E2 produces an e!ect in MФs

that is distinct from the heavily studied alterations.

Here we hypothesized that in a high-estrogen environment the talc

particles alter MФ function and decrease the killing of OC cells. We

postulated this could occur via either a release of damaging factors that

promote formation of aberrant (OC) cells, and/or via compromised

immunologic surveillance (tumoricidal) ability of the MФ, which could

allow aberrant cells (that regularly appear in low numbers in the or-

ganism) to develop into clinical tumors. The latter premise was sup-

ported in part by a report that exposure of MФs to talc can inhibit their

phagocytic activity (Beck et al., 1987).

We found that talc and estradiol co-enhanced the production of ROX

which participate in cell growth/proliferation, di!erentiation, protein

synthesis, glucose metabolism and survival of malignant cells (Liou and

Storz, 2010); ROX play important role in the pathogenesis of OC (Saed

et al., 2017). This !nding is consistent with in vivo data (Shim et al.,

Fig. 6. Dose-response e!ect in the co-culture. J774 cells or IC21 cells were exposed for 24 h to either increasing doses of estradiol in presence of 10 μg/well of talc,

or to increasing doses of talc in presence of 2 μg/mL of estradiol. After preincubation, !uorescent MOSEC ID8 GFP+ cells were added for 72 h; medium and estradiol

were replaced every 24 h. Flow cytometry at the end of co-culture recorded the percentage of GFP-positive cells and their MFI; the plots represent the product (MFI X

percent). Data values from four experiments were normalized to average and pooled, n = 4/group. *P < 0.05; **P < 0.01; ***P < 0.005 (Dunn).
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Fig. 7. Cytotoxicity analysis. IC21 cells

(A, B) or J774 cells (D, E) were treated to

particles alone or in combination with E2

for 24 hrs and analyzed via Sytox Green

and Annexin V PE staining. n = 3 per

group. Cell number: IC21 (C) or J774

cells (F) were visually counted in a hae-

mocytometer after 24 hr incubation with

particles and estrogen. Normalized

average of 3 repeat experiments; N = 6

per group for IC21cells, n = 7 per group

for J774 cells. G: The e!ect of particles

on cell counts of MOSEC cells treated

alone. MOSEC cells were visually

counted in a haemocytometer after 72 hr

incubation with particles and estrogen.

Normalized average of 3 repeat experi-

ments; n = 6 per group.
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2015).

Moreover, talc alone, and to some extent in concert with estradiol

has upregulated a cluster of genes that encode factors of releasable,

extracellular or outer-membrane nature whose increase alters the ex-

tracellular milieu and contributes to tumor growth and metastasis: 1)

Carbonic anhydrase Car9: enhances extracellular acidity and promotes

tumor growth (Swietach et al., 2007, 2009); 2) HMOX1: macrophageal

heme oxygenase-1 in tumor microenvironment can dictate cancer

growth and metastasis (Nemeth et al., 2015); 3) Solute carrier family 2

facilitated glucose transporter member 1 (SLC2A1), a membraneous

protein which promotes tumor cell proliferation and metastasis (Yan

et al., 2015); 4) CFLAR, a gene that encodes Cellular FLICE-inhibitory

protein (CFLIP), remarkably associated with carcinogenesis including

OC (Lozneanu et al., 2015); 5) Sirtuin 2 (SIRT2) – a known therapeutic

target in cancer (Jing and Lin, 2016).

At the same time, and perhaps more importantly, we found that talc

and estrogen co-inhibited expression of a cluster of genes responsible

for intracellular, internal proteins playing a role in anti-tumor im-

munosurveillance. The cluster includes 1) Aurka - Aurora kinase A, an

intracellular protein which regulates proliferation and ability to de-

velop the ‘anti-tumor’ M1 phenotype by the МФs (Ding et al., 2015;

Sica and Mantovani, 2012). 2) Gadd45g - Growth arrest and DNA da-

mage-inducible 45, an intracellular protein involved in MФ maturation;

its de!ciency causes less e! cient tumor immunosurveillance (Schmitz,

2013); although the expression change for this gene was cell-type de-

pendent; 3) Casp7 (Caspase-7) – a protein playing role not only in

apoptosis, but also important in МФ phagocytosis: Casp7-de!cient

macrophages show impeded completion of phagocytosis (Akhter et al.,

2009); 4) CDC20 (Cell division cycle 20) - a regulatory protein shown to

be upregulated in МФ recruited into the tumor and, comparatively,

downregulated in those МФ not engaging with the tumor (Poczobutt

et al., 2016); 5) Mki67 – a known proliferation marker; 6) Stmn1

(Stathmin 1) is involved in cell cycle regulation and its inhibition leads

to a decrease in proliferation as it is involved in microtubule stability

inside the cell (Rubin and Atweh, 2004); Stmn1 a!ects how МФs are

activated (Xu and Harrison, 2015); interestingly, micro-RNA targeting

Stmn1 can be transferred from МФs to tumor cells (Aucher et al., 2013);

7) XIAP (X-linked inhibitor of apoptosis protein) is important in re-

sistance to cell death in МФs and is generally involved in МФ innate

immune functions (Rijal et al., 2018).

In combination, our gene expression data indicate both an “outward

e!ect”: induction of releasable extracellular deleterious factors, as well

as an “internal e!ect”: inhibition of important intracellular factors.

Hence, this exploratory pro!ling has provided us with a hypothesis that

together these e!ects can create preferential conditions for the survival

of OC cells in co-culture. Our expression pro!ling was not compre-

hensive: a whole transcriptome analysis is needed to uncover full de-

tails of the deregulation in the MФs. We also did not aim to determine

whether the changes we found are unique to talc. The focus of our

experiments was to demonstrate whether talc is inert when phagocy-

tized in high-estrogen milieu, and we conclude that it is not inert.

In co-culture experiments, we determined that co-exposure of the

MФ to talc and E2 permits higher numbers of OC (MOSEC ID8) cells to

survive. We !rst determined whether E2 and talc had any e!ect on the

MФ viability in monoculture. Talc or E2 had no toxic e!ect seen as

either apoptosis or necrosis rate, aside of a slight change at 20 μg/mL

E2; we have not used this excessive concentration further to assure that

the viability of pre-exposed MФs is the same in all samples. We noted

that MФs, which especially avidly phagocytized talc, had a slight

morphological change in appearance, as seen in Fig. 1, which however

did not lead to signi!cant changes in counts (Fig. 7).

Hence, we treated the MФ with a combination of 10 μg talc per well

and 2 μg/mL E2, and in subsequent co-culture the !uorescence of

GFP+ MOSEC ID8 cells and their percentage were higher after 72 h

(indicating their better survival) compared to controls where MФ had

been treated with vehicle alone or with either agent alone. When talc

was replaced with control particles - TiO2, CAP or DEP, the e!ect was

also not seen (Fig. 8).

In dose-response experiments, the J774 cells, ‘chromosomally fe-

male’, appeared dose-responsively susceptible to the e!ect of E2 and

talc, whereas the ‘chromosomally male’ IC21 were mostly susceptible to

talc. In both cells, we note, even the lowest dose of E2 (1 ng/mL) has

boosted (albeit not signi!cantly) the e!ect of talc.

Because the survival of MOSEC cells is dependent on the number of

macrophages in a well we mostly relied on the !uorescence parameters

in the FITC/GFP channel, which takes into account the ratio of both

cells types as well as the ‘brightness’ of the GFP transgene as a measure

of viability (Csepregi et al., 2018; Kamau et al., 2001). However, in a

subset of experiments we also physically counted the MOSEC-

GFP+ cells (see example from one experiment in Fig. S1) and used a

transgene-independent method (Fig. S3) and these parameters gave

consistent results.

We note that a bolus of 2 μg/mL of E2, although realistic, is likely at

the higher end of concentration ranges. In normal mice and humans

concentration of circulating E2 in serum is in the range of pg/mL to ng/

mL (Wood et al., 2007; Zhang et al., 1999). However tissue levels of

steroid hormones may exceed plasma by 20-30-fold (Batra, 1976;

Akerlund et al., 1981; Straub, 2007) and ovarian tissue concentration of

E2 is more than 100-fold higher than in serum (Lindgren et al., 2002).

This may be an indication of why talc use is associated with ovarian

cancer rather than at other sites. It is also worth noting that in-vitro

bioavailability of the hormone from a single administration cannot be

directly interpolated dose-wise to the sustained tissue exposure of the

resident cells in-vivo. We also note that in modeling the e!ects of E2

sometimes even higher doses have been employed to make for a useful

short-term model (Drew and Chavis, 2000).

Our report aims to establish the phenomenon of decreased anti-

tumor (anti-MOSEC) activity of the phagocytes after talc and E2 com-

bination pre-treatment; it also partly delineates what further studies are

needed to elucidate the speci!c pathways involved into the inhibition

of macrophageal activity. In our study we did not investigate carcino-

genic properties of talc per se. Studies of other sources and batches of

Fig. 8. The e!ect of talc and control particles in co-cul-

ture of MФ and MOSEC cells. J774 cells or IC21 cells

were exposed for 24 h to 2 μg/mL of E2 (or vehicle) and

to 10 μg/well of talc, TiO2, CAP or DEP particles, or

combination. After 24-h pre-incubation, !uorescent

MOSEC ID8 GFP+ cells were added for 72 h; medium and

estradiol were replaced every 24 h. Flow cytometry at the

end of co-culture recorded the percentage of GFP positive

cells and their MFI; the plots represent the product (MFI X

percent). Data values from three experiments were nor-

malized to control and pooled, n = 3/group. *P < 0.01

vs. Vehicle (two-way ANOVA with Tukey or Holm-Sidak).
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talc as well as with other cell types are needed for a more compre-

hensive evaluation of the e!ect. Further research is needed to de-

termine whether and to what extent the e!ect of talc on phagocytes

exists in vivo, particularly in humans; these studies were beyond the

scope of our project. We did not investigate whether the inhibited tu-

moricidal activity we discovered could entail an increased likelihood of

tumor growth. However, we believe our !ndings can help reconcile the

presumed innocuous nature of talc with epidemiological data on talc

powder use and OC risk by suggesting that the e!ect can be mediated

by the macrophages.

The !ndings of this study using phagocytic murine cell lines as

prototypical macrophages and MOSECs as prototypical ovarian cancer

cells suggest that in vitro exposure to talc particles, particularly in a

high-estrogen environment, may compromise the macrophageal im-

munosurveillance functions. Control particles (titanium dioxide, con-

centrated urban air particulates or diesel exhaust particles) did not have

this e!ect. Exposure of macrophages to talc and especially co-exposure

to talc and estradiol has led to increased production of reactive oxygen

species and changes in expression of macrophage genes pertinent in

cancer development and immunosurveillance.
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ABSTRACT

Objectives: Genital talc use is associated with increased 

risk for ovarian carcinoma in epidemiologic studies. 

Finding talc in pelvic tissues in women with ovarian 

carcinoma who have used talc is important in documenting 

exposure and assessing talc’s biologic potential, but tissue-

based morphology studies have been rarely reported.

Methods: We report !ve patient cases with documented 

perineal talc use, each of whom had talc (by both polarized 

light and scanning electron microscopy) in multiple pelvic 

sites distant from the perineum. Six negative-exposure 

control patients were also analyzed.

Results: Talc particles were found in exposed patients, 

typically within two or more of the following locations: 

pelvic region lymph nodes, cervix, uterine corpus, fallopian 

tubes, and ovaries.

Conclusions: Our report adds new insights into the 

biologic potential of talc and suggests additional anatomic 

sites that should be closely examined for talc by oncologic 

surgical pathologists in the setting of perineal talc use.

Of great current medical, public health, and 

medicolegal importance is the epidemiologic associ-

ation of ovarian malignancy and the use of  talc cos-

metic products in the genital area. Relevant data from 

epidemiologic studies have shown a clear excess of  

women with ovarian malignancy who had used talc in 

their genital area prior to developing cancer compared 

with control women.1-5 In 2006, the data were evaluated 

by the International Agency for Research on Cancer, 

which concluded that the data were sufficient to classify 

the use of  talc (not containing asbestos) in the genital 

area as possibly carcinogenic (class 2B).6 A  recent sum-

mary of the epidemiologic data, as they existed cumula-

tively up to 2017, found that genital talc use may increase 

ovarian malignancy risk by about 30%.7 A recent Health 

Canada assessment8 resulted in a proposed recommen-

dation that talc meets the criteria under paragraph 64(c) 

of  the Canadian Environmental Protection Act and may 

constitute a danger in Canada to human life or health.

Although the hypothesis about talc and ovarian 

cancer took its origin, in part, from descriptions of talc 

in ovarian tissue,9 the presence of talc in the tissues of  the 

genital tract from women with ovarian malignancy has not 

been a component or focus of interest in epidemiologic 

studies. Published histopathologic data showing talc in 

pelvic organs are very limited. Finding talc in the tissues 

of  exposed patients is part of  a larger key principle: the 
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quantification of foreign material in tissue is critical to 

assessing the disease occurrence, causality, and severity 

related to that tissue (reviewed by Abraham10). This is 

perhaps best known for asbestos and mesothelioma or 

pulmonary fibrosis.11 The most complete quantification 

is yielded through the digestion of a tissue sample, be-

cause this procedure uses much greater amounts of  tissue 

than could be assessed in a histologic tissue section.10

The procedure can be used to identify and quantify in-

dividual particles by transmission electron microscopy 

(TEM) or scanning electron microscopy (SEM), which 

are then characterized by energy-dispersive X-ray anal-

ysis (EDX), to verify that their elemental compositions 

are consistent with a specific type of foreign material ex-

posure.12 Applying TEM and/or SEM and EDX to tissue 

sections cut from paraffin blocks also yields meaningful 

quantification when the concentration of particles in 

tissue is high enough for this detection.13,14 This procedure 

can also show the cellular location where the foreign ma-

terial resides in a tissue section, for example, exogenous 

particles in macrophages within lymph nodes.15 Foreign 

particulate exposure can be estimated by studying his-

tologic tissue sections under polarized light microscopy, 

which shows birefringent material, including its size and 

shape.16,17 Besides the utility of  these methods from a 

scientific point of  view, they have also been applied to 

medicolegal contexts stemming from injuries in various 

exposure settings, including asbestos.10

Tissue digestion must be paired with a good un-

derstanding of local histomorphology to be effective 

and for its data to be properly evaluated in context. 

Contamination from laboratory or other sources can po-

tentially complicate tissue digestion procedures, in which 

the anatomic landmarks are necessarily dissolved in the 

process. A study by Heller et al18 was done with tissue di-

gestion and subsequent TEM on ovaries from 24 women 

having hysterectomy/oophorectomy to treat conditions 

other than ovarian malignancy. Birefringent particles 

were found in digestates of all 24 patients by light micros-

copy and talc in approximately half  of  the patients by 

TEM, and talc particle counts were unrelated to reported 

levels of  perineal talc use. This suggested to the authors 

that unassessed exposures, including infant diapering, 

might help explain the apparently widespread nature of 

the finding. Also, even though the authors stated they 

used talc-free gloves, contamination from laboratory pro-

cessing sources outside the authors’ own environment 

could have also played a role, given the widespread occur-

rence of  talc in many settings.

In a woman with ovarian carcinoma, looking for talc 

in benign residual ovarian tissue is a good initial way to 

find evidence of historical exposure, but in many cases, 

the ovary is largely replaced by the new growth of tumor, 

and in such situations, there is often little residual ovary 

found in resected specimens. A subset of  authors from the 

present study has previously described a case report15 in 

which a woman with serous carcinoma of the ovary and 

who had used talc in her genital area was shown to have 

talc in three of four examined pelvic lymph nodes. A sub-

sequent recent study by the current authors19 examined 

the presence of talc in a series of  talc-exposed women 

with ovarian carcinoma and available pelvic region lymph 

nodes. This study showed that measurements of  talc from 

digestion of nodes may be adversely influenced by con-

tamination, which may spuriously raise measured talc 

counts and obscure differences between patients that are 

related to clinical history and that would otherwise be de-

tectable and significant. Instead, our study demonstrated 

that polarized light microscopy and in situ SEM/EDX are 

recommended for the assessment of talc in lymph nodes 

and, by extension, other exposed tissues as well. The 

main reason is that in situ SEM/EDX preserves anatomic 

landmarks and so enables a much better assessment of 

what is likely to be contamination and what is not.

Until now, the presence of migrated talc in multiple 

locations in the female pelvis/genital tract in the same pa-

tient has not been reported. Such a finding, if  present, 

would add new insights into the potential of  talc present 

in the perineum to enter the upper genital tract and dem-

onstrate the importance of a more careful examination of 

pelvic tissues from women with epithelial ovarian cancer 

to correlate with clinical history of talc exposure. We re-

port here a series of  five patient cases with documented 

talc exposure of the genital area and with surgically 

resected pelvic tissues that were examined by polarized 

light microscopy, SEM, and EDX for the presence of talc 

that had migrated from the perineum. These results are 

compared with examination of surgical material from six 

patients with ovarian carcinoma who had no genital ex-

posure to talc.

Materials and Methods

Five patient cases were received for consultative 

purposes, each representing a patient with ovarian carci-

noma and a history of perineal talc use. Clinical history, 

including surgical pathology reports, was provided for 

each patient with the consultative materials; also, addi-

tional history, including surgical history and perineal talc 

use, was obtained directly from the patients. All patient 

identifiers, including the 18 recognized Health Insurance 

Portability and Accountability Act identifiers,20 were 

removed from the study data prior to final assembly of 
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the data and publication. Histologic H&E-stained slides 

from the oncologic surgical treatment procedure (typ-

ically a total abdominal hysterectomy [TAH]/bilateral 

salpingo-oophorectomy [BSO] and various other auxil-

iary procedures) were provided by the outside hospital. 

All slides were analyzed with an Olympus BH-2 light 

microscope equipped with polarizing filter capabilities 

(analyzer and rotating polarizer with specimen slide in 

between). Each tissue slide was first reviewed to verify 

the histologic features, tumor type (if  present), and tissue 

site (ovary, cervix, uterus, lymph node, etc). Then, each 

slide was scanned systematically and completely at ×200 

under polarized light, and all birefringent particles were 

counted that were in the same plane of focus as the tissue. 

Birefringent particles were counted only if  they were 

located more than a few cell widths’ distance deep relative 

to the surface to avoid including any surface contamina-

tion in the analysis. Birefringent particles such as paper, 

organic debris, starch, and other clearly recognizable 

contaminants were not counted if they were in any way 

interpretable as related to the surface.

Paraffin blocks corresponding to histologic slides 

of  interest were obtained from the treating hospital. The 

tissue blocks were handled with a procedure for in situ 

SEM/EDX, which was first described by Thakral and 

Abraham,13 for assessment of particulate materials in 

paraffin-embedded tissue. The full details of  this proce-

dure as it was applied in our laboratory are available else-

where.21 Importantly, to protect against contamination, 

the tissue blocks were handled with particle-free gloves on 

precleaned surfaces and sectioned removing ~30 μm of 

tissue and paraffin using a rotary microtome with a fresh, 

clean stainless-steel blade. This sectioning was intended to 

remove any surface contamination from previous storage 

and handling. After the fresh surface was exposed, the 

block surfaces were washed in distilled, deionized water 

for 30 seconds to remove soluble surface materials such 

as sodium chloride and sodium phosphates used in pro-

cessing for histology. The blocks were mounted for SEM 

examination and always kept in closed containers to limit 

any environmental contamination. A  Hitachi SU6600 

field emission SEM was used, with an Oxford EDX with 

Aztec version 2.0 to 3.3 software, EDX detector model 

X-Max 50 SDD, and electron beam penetration depth 

estimated at 2.5 μm, with an X-ray microanalysis range of 

0.5 to 2.5 μm in depth. Talc particles were characterized 

by magnesium (Mg) and silicon (Si) peaks falling within 

5% of the theoretical atomic ratio of 0.750 and atomic 

weight percent ratio of 0.649 (representative talc spec-

trum is shown in ❚Image 1❚).

Because all patients in this study were born before 

1970, which was the time point when talc manufacturers 

claimed to voluntarily remove asbestos contamination 

from commercial talc preparations (establishing a cos-

metic grade “free of  asbestos” vs industrial grade that may 

contain it),22,23 and because these patients had talc expo-

sure extending across many years, we re-reviewed all SEM 

backscattered electron images generated on each patient 

specifically for fibers or fiber-like particles (defined as a 

5:1 aspect ratio). We separately tallied and categorized 

them (one caveat being that plate-like particles, when 

viewed on edge, could give the impression of being a fiber, 

whereas with another orientation, they might not). The 

EDX spectrum for any particle meeting the fiber criterion 

was reexamined to determine its chemical composition, 

and where necessary, atomic weight percent calculations 

were done to determine fit (or lack of fit) with known 

classes of  inorganic fibers.

To provide a set of  nonexposed controls for the 

five patients in this case series, six patients with ovarian 

carcinoma were identified (see Results section and 

Supplementary Table 1; all supplemental materials can be 

found at American Journal of Clinical Pathology online) 

who were part of  a large case-control study of ovarian 

cancer in eastern Massachusetts and New Hampshire.3

Patients completed structure interviews and provided 

written informed consent allowing for review of pathologic 

material from their surgery. The study was approved by 

the Dana Farber/Harvard Cancer Center Ethical Review 

Panel. Patients were selected who stated that they had not 

used talc, either in their perineal area or as a general body 

❚Image 1❚ Representative spectrum of talc, showing charac-

teristic magnesium (Mg) and silicon (Si) peaks. The charac-

teristic Mg-Si atomic ratio is 0.75 and atomic weight percent 

ratio is 0.649, and particles are considered to be talc if their 

Mg-Si ratio falls within 5% of this theoretical value (0.649).
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powder. These patients had a distribution of tumor types 

(five serous carcinomas, one endometrioid carcinoma), 

ages (47-58 years), and remote surgical history (ie, prior 

to the development of cancer) similar to the five patients 

in the main study, and all had undergone TAH/BSO as 

part of  their surgical oncologic treatment. In addition, 

patients from the Brigham and Women’s Hospital were 

selected to facilitate retrieval of  archival materials. H&E 

slides were examined by regular and polarized light mi-

croscopy. A count of birefringent particles was made by 

systematic, complete review at ×200 of each H&E slide 

under polarized light microscopy, the same as for the pa-

tient slides in the main study. Subsequently, and also sim-

ilar to the main study, tissue blocks were examined with 

SEM/EDX, using the same in situ method previously 

described, and with all talc or other backscattered elec-

tron imaging-positive particles characterized.

Results

❚Table 1❚ shows key clinical details of  the five talc-

exposed women in this series. Ages fell within a fairly 

narrow range (47-59  years). Three patients had serous 

carcinoma, one endometrioid carcinoma, and one clear 

cell carcinoma. All these histologic types have been 

identified as being included in the general increase in risk 

with talc exposure in epidemiologic studies.5 Pathologic 

International Federation of Gynecology and Obstetrics 

staging ranged from IA (one patient) to IC (one patient) 

to IIIC (three patients). All patients had BSO, and four of 

the five had accompanying TAH. Four of  five had pelvic 

region lymph nodes excised for staging and/or treatment 

purposes.

❚Table 2❚ shows the findings from polarizing light mi-

croscopy of key sections from the talc-exposed patients’ 

resected tissues. All patients had significant numbers of 

birefringent particles in tissue sections from two or more 

pelvic region sites, ranging from two (case 1, exocervical 

soft tissue and right pelvic lymph node) to four (case 2, 

with large numbers of particle accumulations in uterine 

serosa, pelvic lymph nodes, ovaries [right  >  left], and 

the fibromuscular tissue surrounding the right fallopian 

tube). Case 3 showed birefringent particles in the uterine 

serosa, bilateral fallopian tubes, and ovaries. Cases 4 

and 5 had birefringent particles in the tissues of  multiple 

❚Table 1❚

Talc-Exposed Patients’ Clinical Histories

Case 

No. Age, y Tumor Type

Pathologic 

Stage Surgical Procedure Type

Exposure 

History 

(Talc Years)
a

Comments

1 47 Endometrioid 

carcinoma, 

G3 (poorly 

differentiated) 

pT1c N0 

MX (FIGO 

stage IC)

TAH/BSO with multiple pelvic/para-aortic 

lymph node excisions, with omentectomy/

appendectomy (February 2009)

42 No history of surgeries 

prior to TAH/BSO

2 50 Serous carcinoma, 

high grade

pT3c N1 

MX (FIGO 

stage IIIC)

TAH/BSO with multiple pelvic/para-aortic  

lymph node excisions, with omentectomy 

(October 2013)

31 Diagnostic cervical, 

pelvic mass, and 

pelvic lymph node 

biopsies performed 

a few months prior 

to TAH/BSO; tubal 

ligation at age 

20 years

3 59 Serous carcinoma, 

high grade 

pT3c NX 

MX (FIGO 

stage IIIC)

TAH/BSO with omentectomy (June 2010) 58 Diagnostic omental 

mass biopsy 2 

weeks prior to TAH/

BSO; tubal ligation 

and cesarean section 

at age 32 years and 

cholecystectomy at 

age 45 years

4 49 Serous carcinoma, 

low grade

pT3c N0 

MX (FIGO 

stage IIIC)

BSO with multiple pelvic/para-aortic lymph  

node excisions, with omentectomy, 

appendectomy, and right hemi-

diaphragmectomy (March 2013)

31 No history of surgery 

prior to BSO

5 56 Clear cell carcinoma, 

grade 2

pT1a N0 

MX (FIGO 

stage IA)

TAH/BSO with multiple pelvic/para-aortic 

lymph node excisions, with omentectomy/

appendectomy (March 2009)

51 No history of surgery 

prior to TAH/BSO

BSO, bilateral salpingo-oophorectomy; FIGO, International Federation of Gynecology and Obstetrics; TAH, total abdominal hysterectomy
aTalc year = daily (at least) application of talc-containing hygiene product to the genital area for 1 year. Patients 3 and 5 had reportedly experienced talc exposure since 

birth and/or early in infancy.
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pelvic sites (fallopian tubes, ovaries, pelvic region lymph 

nodes), but due to the logistics of  case review, processing, 

and send-out, we were not able to quantify these retro-

actively with additional light microscopy after the in situ 

SEM data had been obtained on the same blocks.

❚Table 3❚ shows in situ SEM/EDX data on the same 

patients as in Table 2, with 28 total blocks (across the five 

patients) examined by SEM/EDX and included in our 

case series (most, but not all, of the blocks in which bi-

refringent particles were seen subsequently proceeded 

to electron microscopy). As is shown, there were gen-

erally substantial talc particle counts in the same tissue 

blocks corresponding to where birefringent particles were 

identified by light microscopy. For example, markedly 

high light microscopic particle counts in Table 2 for case 

1 (cervix and right pelvic lymph node), case 2 (right fal-

lopian tube), and case 3 (uterine serosa) were all matched 

by high talc particle counts by SEM/EDX for the corre-

sponding cases and tissues in Table 3. Comparative exam-

ination of the data in Tables 2 and 3, particularly the pairs 

❚Table 2❚

Polarizing Light Microscopy Findings in Pelvic Tissues From Five Talc-Exposed Patients

Distribution of Birefringent Particulates Within Tissue (Particles/Histologic Section), No.

Case No.

Lower Tract 

(Uterus/Cervix) Fallopian Tube Ovary Lymph Nodes

1 Cervix: >100 Left tube: 3 

Right tube: 3

Left ovary: 6 Right pelvic node: >500 

Left pelvic node: >50

2 Anterior cervix: 6 Right fallopian tube:  

>50, mainly in fibromuscular  

tissues near the tube 

Right ovary, first block: 13 Right pelvic node: >100

Posterior uterus: 

>50 

Right ovary, second block: 35 Left pelvic node, first block: >200

Right ovary, third block: 3 Left pelvic node, second block: 

>100

Left ovary, first block: 1 Left pelvic node, third block: >100

Left ovary, second block: 6 (Note: first through third blocks 

are together one node.)

3 Uterus: >200 Right tube: 15 Right ovary: 27 None surgically resected

Left tube: 14 Left ovary: 11

4 Tissue type not 

made available

Birefringent particles seen in  

left fallopian tube (one block) and  

right fallopian tube (two blocks);  

exact counts not available

Birefringent particles seen  

in left ovary (two blocks) 

and right ovary (two 

blocks); exact counts not 

available

Birefringent particles seen in 

right pelvic lymph nodes (four 

blocks) and left pelvic lymph 

node (one block); exact counts 

not available

5 No birefringent 

particles seen 

in tissues

Birefringent particles seen in left  

fallopian tube (one block) and right 

fallopian tube (one block); exact  

counts not available

Birefringent particles seen in 

right ovary (one block) and 

left ovary (one block); exact 

counts not available

Birefringent particles seen in left 

pelvic lymph nodes, two blocks 

(three nodes total by gross 

examination report); exact 

counts not available

❚Table 3❚

In Situ Scanning Electron Microscopy Findings for Pelvic Tissues in Five Talc-Exposed Patients

No. of Talc Particles Found in Each Tissue Block by In Situ Scanning Electron Microscopy/EDX

Case No. Lower Tract (Uterus/Cervix) Fallopian Tube Ovary Lymph Nodes

1 Cervix: 52 Left tube: no SEM done Left ovary: 8 Right pelvic node: 65

Right tube: no SEM done Left pelvic node: 61 

2 Anterior cervix: 1 Right tube: 31 Right ovary, first block: 2 Right pelvic node: 18

Posterior uterus: 53 Right ovary, second block: 51 Left pelvic node, first block: 43

Right ovary, third block: 0 Left pelvic node, second block: 

35

Left ovary, first block: 1 Left pelvic node, third block: 24

Left ovary, second block: 3 (Note: first through third blocks 

are together one node.)

3 Uterus: 36 Right tube: 2 

Left tube: 1 

Right ovary: 24 None resected

Left ovary: 0

4 Not examined by SEM Not examined by SEM Right ovary, first block: 4 Right pelvic node: 28 (one 

block examined)Right ovary, second block: 0

5 Not examined by SEM Right tube: 0 Right ovary: 8 Left pelvic node: 13 (one block 

examined)Left ovary: 0

EDX, energy-dispersive X-ray analysis; SEM, scanning electron microscopy.
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of tissue blocks (generally in cases 1 through 3) for which 

both polarized light microscopy and SEM/EDX numer-

ical particle counts were available, showed an r value of 

0.675 and a P value of .002 by linear regression analysis. 

Where direct comparisons between the counts in Tables 2

and 3 were able to be made (generally the first three cases), 

counts of birefringent particles by light microscopy were 

generally higher than the corresponding counts by SEM. 

This can be explained by the finding of other nontalc for-

eign material in the blocks by SEM/EDX. EDX analyses 

were performed of backscatter-positive particles seen in 

these blocks. Across the 28 blocks, this yielded an aggre-

gate total of  503 talc particles and 945 foreign nontalc 

particles. Of the latter, most (802, 85%) were nonspecific 

mineral particles consisting generally of Si in various 

combinations with sodium (Na), Mg, and especially alu-

minum (Al). Where Mg and Si predominated in this group, 

the spectral peak ratio fell outside the atomic weight per-

cent range (0.649% ± 5%) expected for talc, so they were 

not classified as such. Occasionally, silicon oxide particles 

were identified by SEM/EDX, which exhibits birefrin-

gence.17 The remaining exogenous particles consisted of 

various metals, either alone or in various combinations, 

most notably copper, chromium, Al, titanium, zinc, nickel, 

and manganese. Iron (Fe) was often combined with some 

of these metallic particles. Besides talc and exogenous 

metals and minerals, the other broad category of  particles 

seen in the case analyses included endogenous particles, 

often in the form of dystrophic calcification, which is 

common in serous ovarian malignancy. Particles with 

calcium (Ca), Na, phosphorus (P), carbon, potassium 

(K), and Fe in various combinations were considered en-

dogenous. No asbestos fibers or ferruginous bodies were 

found in the analyses. Based on the data, the nonspecific 

mineral particles accounted for many of the birefringent 

particulates seen under light microscopy that were not 

talc. Such particles can be encountered in everyday living 

and may presumably gain access to the perineum and as-

sociated lymphatics in similar ways to talc. Based on data 

from Jurinski and Rimstidt24 for talc vs silica, these non-

specific silicates could be reasonably expected to have a 

slow dissolution rate (years or decades) and a long reten-

tion time in tissue.

Tissue macrophages were a key particle location for 

many sites and thus a key part of  the tissue response to 

the migrated talc. Such cells, with cytoplasm filled with 

birefringent particles, were seen in the cervix (case 1) and 

the uterine serosa and pelvic region lymph nodes of mul-

tiple cases. In rare instances, the affected macrophages 

were seen to coalesce into multinucleate giant cells as part 

of  the inflammatory response. Affected macrophages 

often had grayish, faintly ground-glass cytoplasm and 

were sometimes accompanied by a mix of other chronic 

inflammatory cells (eg, in the soft tissues near the fal-

lopian tube in case 5). Birefringent material was often 

seen localized near small vasculature, particularly in the 

uterine serosa (cases 1 and 3) and soft tissue near fallo-

pian tubes (cases 2 and 5). For extranodal talc migration 

sites, the concomitant presence of lymphatic vessels was 

strongly suspected, but this was often difficult to ascertain 

histologically since these vessels may be nonpatent and/or 

otherwise hard to see in tissue sections. Of note, for three 

of  the four patients who had pelvic region lymph nodes 

resected, none of  their talc-positive lymph nodes had 

concomitant metastatic malignancy. However, case 2 had 

two pelvic region lymph nodes (represented on slides as 

multiple lymph node profiles) with both metastatic tumor 

and abundant birefringent particles in macrophages, 

often existing close to each other. An example is shown 

in ❚Image 2❚. Because both are regarded as migrating via 

lymphatic pathways, their coexistence in one of our pa-

tient cases was not a surprise. ❚Image 3❚ emphasizes this 

point from a different point of  view by showing regular 

H&E (Image 3A) and polarized light microscopy (Image 

3B) of the same view of uterine serosa in case 3. Several 

lymphovascular spaces are present, a larger one of  which 

is highlighted with the arrows and is seen to contain bi-

refringent material in Image 3B. EDX of this patient’s 

uterine serosa tissue showed that this birefringent mate-

rial was talc (see next paragraph).

❚Image 4❚, ❚Image 5❚, ❚Image 6❚, ❚Image 7❚ and ❚Image 

8❚ (pertaining respectively to cases 1 through 5 in Tables 

1-3) show representative correlative polarized light and 

SEM (with backscattered electron imaging) micrographs. 

For each case, EDX analysis of  most of  the backscattered 

image-positive particles (typically 1-10  μm diameter) 

showed the characteristic spectrum of talc in Image 1, thus 

confirming that most of the birefringent material seen by 

polarizing light microscopy in these particular areas was, 

in fact, talc. Considering each figure individually, Image 

4 shows birefringent material clustered in macrophages 

in deep exocervical fibrous tissue and comparable par-

ticle morphology in the same region on backscattered 

electron SEM imaging. Similar correlative morphology 

is seen in the same figure for macrophages within pelvic 

lymph node tissue. The exocervical tissues and lymph 

node show rather unremarkable macrophage morphology 

when reviewed by light microscopy without polariza-

tion. Image 5 shows birefringent particle accumulations 

in the uterine serosa (both macrophages and soft tissue 

and near vascular spaces) and fallopian tube peripheral 

tissue, ovary, and lymph node tissue (the latter frequently 

in macrophages), with corresponding morphology in 

the SEM backscattered electron images.  Image 6 shows 
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uterine serosa with numerous birefringent particles within 

soft tissue and macrophages, as well as ovarian stroma 

showing a birefringent particle within soft tissue but 

close to a blood vessel, with corresponding SEM images 

showing backscattered electron-positive particles.  Images 

7 and 8 show birefringent particles in pelvic region lymph 

nodes with corresponding backscattered electron-positive 

positive SEM images, as well as birefringent particle(s) 

in auxiliary sites: ovary (Image 7) and soft tissue from 

around the fallopian tube (Image 8). The latter was no-

table for a mixed chronic inflammatory infiltrate in and 

around the exogenous material.

Review of  the backscattered electron SEM images 

from all 28 tissue blocks from all five patients (typically 

there were around 50-250 SEM images generated on each 

block) showed a total of  52 fibers or fiber-like particles, 

❚Image 2❚ Regular light microscopy (A) and polarized light microscopy (B) of left pelvic lymph node in patient 2, same !eld 

of view, showing juxtaposition of birefringent particles in macrophages, metastatic carcinoma, and uninvolved lymph node 

parenchyma. This particular area was not analyzed by scanning electron microscopy, but based on the !ndings in other histo-

logic regions, much of this birefringent material is likely talc. (H&E, ×400)

❚Image 3❚ Regular light microscopy (A) and polarized light microscopy (B) of the uterine serosa in patient 3, same !eld of 

view, showing serosal !brovascular tissue and abundant birefringent particles that are seen in one lymphvascular space 

(arrows). This serosal birefringent material was shown to be talc by scanning electron microscopy/energy-dispersive X-ray 

analysis (see Image 6). (H&E, ×200)
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of  which 18 (35%) were talc, 18 (35%) were nontalc min-

eral silicates (typically Al-Si often in combination with 

other cations), six (11%) were metals or combinations 

of  metals, and 10 (19%) were endogenous (various 

combinations of  Na, P, sulfur, Ca, K, and Fe). Most of  

the identified fiber-like particles had aspect ratios ap-

proximately or slightly greater than 5:1 (the threshold 

we used), but there were four fibers identified with long 

aspect ratios (>10:1) and strongly parallel sides. Three 

of  these were found in the right ovary of  patient case 

2, and the fourth was found in the left fallopian tube 

of  patient case 3. By EDX, these fibers were aluminum 

silicates with Mg and Ca and, in two of  the fibers, also 

Fe. Atomic weight percent calculations on these fibers 

showed that the Mg/Si and Ca/Si ratios were far out-

side the ranges expected for tremolite asbestos fibers; 

also, the presence of Al was additional evidence against 

tremolite since it would not be expected to occur in the 

latter. Asbestos fibers or ferruginous bodies, if  present, 

were below the level of  detection of our analysis and 

❚Image 4❚ Representative photomicrographs for patient 1. A, Deep exocervical soft tissue with collections of macrophages 

in dense collagenous tissue. A few macrophages were multinucleate and showed slightly glassy grayish cytoplasm (H&E, 

×400). B, Same histologic !eld as A, under polarized light microscopy, showing collections of macrophages with numerous 

birefringent cytoplasmic particles 1 to 10 μm in diameter (H&E, ×400). C, Scanning electron microscopy (SEM, ×500) with 

backscattered electron imaging from the same general area as in A and B but a different histologic section, showing nu-

merous backscattered electron-positive particulates within the cytoplasm of macrophages, similar to A, the majority of which 

had a spectrum characteristic of talc. D, Right pelvic lymph node with aggregates of intranodal macrophages (H&E, ×400). 
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hence not found. A representative sampling of  the fibers 

and fiber-like particles we found is shown in ❚Image 9❚, 

along with more details on the atomic weight percent 

calculations.

Supplementary Table 1 shows the clinical, light mi-

croscopic, and SEM data for the six control patients with 

no history of perineal or body use talc exposure. Ten 

ovary blocks and one fallopian tube block comprised the 

six control patients’ materials. Polarizing light micros-

copy, as shown in the table, revealed a range of two to 17 

birefringent particles per slide; these values are compa-

rable to the lower end of the polarizing light microscopy 

results of  the exposed patients in Table 2 but markedly less 

than for tissues from those patients who had substantial 

talc by subsequent SEM/EDX. Inflammatory infiltrates, 

when seen in the control tissues, were generally attribut-

able to the presence of nearby tumor and not to the pres-

ence of the uncommon birefringent material. Giant cells, 

such as were seen in some talc-exposed patients, were not 

observed in controls.

Correlative SEM/EDX of the control tissue blocks 

showed a total of  four talc particles across all patients: 

two in patient 2 (right ovary) and two in patient 3 (right 

fallopian tube). Of note, in Supplementary Table 1, both 

these patients had pelvic surgery more than 30  years 

prior to their ovarian cancer surgical procedure. The talc 

particles represented a very small proportion (0.8%) of 

the overall backscattered electron-positive particles that 

were found and analyzed across the 11 control tissue 

blocks (494). Of those, most were endogenous, the most 

common being calcium phosphate (202 [41%] particles), 

sodium salts (108 [22%] particles), and iron phosphate (56 

[11%] particles). Nonspecific minerals accounted for 105 

(21%) particles; these may access the genitourinary tract 

through hygiene practices and general living. No fibers, 

talc or otherwise, were found in any control tissues by 

SEM/EDX.

Discussion

The cases reported here show in vivo pelvic migra-

tion potential for talc that has, to our knowledge, not 

been reported previously. Within a set of  five patient 

cases, all with known talc exposure to the perineum and 

all of  which had groups of  pelvic organs/tissues surgically 

resected for the management of ovarian carcinoma, talc 

was found in two pelvic organ sites (three patients), three 

sites (one patient), and four sites (one patient) distant 

from the original site of application (perineum). In four 

of the five patients, pelvic region lymph nodes were one 

of the sites affected. Talc has been described in one dis-

tant pelvic organ site before15,19 but, prior to this report, 

not more than one such site in a given patient.

It is important to remember that, because the in situ 

SEM technique examines only a very small volume of 

tissue, the finding of even modest numbers of  exogenous 

particles (eg, talc) in tissue sections may translate into a 

❚Image 4❚ (cont) E, Same histologic !eld as D, under polarized light microscopy, with numerous birefringent particles similar 

in size and appearance to those seen in the exocervix, within intranodal macrophages (H&E, ×400). F, SEM (×500) from 

the same general area as D and E but in a different histologic section, showing numerous backscattered electron-positive 

particulates within the cytoplasm of macrophages, similar to C, and the majority having a spectrum characteristic of talc.
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significant exposure when calculated on a per-gram-of-

tissue basis and when placed in appropriate clinical con-

text. Or, to put it another way, seeing particles by in situ 

microscopy (both light and SEM) requires a relatively 

large amount of material distributed within the tissues 

to make it possible to find it in this manner. Roggli and 

Pratt25 demonstrated this principle by showing that the 

identification of one asbestos body in a tissue section 

corresponded to at least 100 fibers per gram of tissue.

The six control cases supported the contention that 

talc is rarely found in surgically resected pelvic tissues 

from patients with no prior perineal or body use ex-

posure. The four talc particles found by SEM/EDX 

were in two patients who had undergone pelvic surgical 

procedures more than 30 years prior. Given that history 

and timeline, the talc could have been introduced from 

the ambient environment or from talc on instruments 

or gloves. The latter was relatively common decades ago 

when these patients had surgery.26 Birefringent particles 

of  other etiologies (endogenous or nonspecific mineral 

particles) can be found in nontalc-exposed patient tissues, 

as was the case in our controls, with SEM/EDX useful in 

❚Image 5❚ Representative photomicrographs for patient 2. A, Uterine serosa showing numerous birefringent particles 1 to 

10 mm in diameter within soft tissue and macrophages (H&E, ×200). B, Scanning electron microscopy (SEM) corresponding 

to A, showing numerous backscattered electron-positive particles (×500), the majority with an energy-dispersive X-ray 

analysis (EDX) spectrum characteristic of talc. C, Fibromuscular soft tissue near fallopian tube, showing a macrophage with 

abundant intracellular birefringent material similar to that seen in A (H&E, ×400). D, SEM of the same region as C, showing a 

backscattered electron-positive particle approximately 5 μm in diameter that proved to be talc using EDX (×500). 
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the distinction. However, most of  the numerous calcium 

phosphate particles found in the controls would likely 

have been nonbirefringent and thus not detected by po-

larizing light microscopy.

The five cases described here were part of  a larger 

group of cases (all women with ovarian carcinoma and 

with perineal talc exposure) that were received by us for 

consultative purposes over a 3- to 4-year period. Among 

34 consults recently reviewed by one author (S.A.M.), 29 

(85%) had birefringent particles in more than one pelvic 

organ site, and of the five that did not, three had substan-

tially limited material for review. Most of  these cases have 

not yet had SEM/EDX performed on tissue blocks, so we 

do not yet know to what extent these light microscopic 

findings translate into sites of  talc migration. But these 

preliminary data suggest that a substantial fraction might 

among patients with the appropriate exposure history.

A prominent finding in several of  our cases and 

tissue sites was the accumulation of numerous birefrin-

gent particles in the cytoplasm of tissue macrophages 

❚Image 5❚ (cont) E, Birefringent particle seen in soft tissue of ovary, with mixed in!ammation and !brosis in the general back-

ground (H&E, ×400). F, SEM showing several backscattered electron-positive particles within the same region as E (ovary). 

The particles were irregularly shaped, less than 7 μm in diameter, and on EDX analysis showed the characteristic spectrum 

of talc (Image 1) (×500). G, Left pelvic lymph node with numerous birefringent particles similar in size and appearance to 

those seen in the uterine serosa, within intranodal macrophages (H&E, ×400). H, SEM from the same general area as E

but in a different histologic section, showing numerous backscattered electron-positive particulates within the cytoplasm of 

macrophages, similar to E, with most having an EDX spectrum characteristic of talc (×500).
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on both light microscopy and SEM, which, using EDX 

analysis, proved to be talc. The H&E appearance of these 

macrophages was often rather subtle, with grayish cy-

toplasm and a faintly ground-glass appearance; in our 

opinion, they could be easily missed on a routine slide 

review where just light microscopy is performed. This 

therefore highlights the importance of doing polarizing 

light microscopy on surgically resected pelvic tissues, not 

necessarily in every case but indeed if  or when the appro-

priate talc exposure history is present.

Talc is able to stimulate the phagocytic potential of 

macrophages: a subset of  the current authors and their 

colleagues reanalyzed the slides from the study by Beck 

et  al,27 who did in vivo hamster studies using sonicated 

intratracheally induced talc and granite exposure. It 

was found that pulmonary macrophages phagocytize 

talc more avidly than granite, especially in the initial 1 

to 2  days following exposure (unpublished data). Beck 

et al27 showed that these macrophages that have ingested 

talc are then unable to phagocytose radiolabeled particles 

❚Image 6❚ Representative photomicrographs for patient 3. A, Uterine serosa showing numerous birefringent particles 1 to 

10 μm in diameter within soft tissue and macrophages (H&E, ×400). B, Scanning electron microscopy (SEM) corresponding 

to A, showing numerous backscattered electron-positive particles (×500), most with an energy-dispersive X-ray analysis spec-

trum of talc similar to Image 1. C, Ovarian stroma showing a birefringent particle within soft tissue but close to blood vessel. 

Other birefringent particles were seen in different microscopic !elds in this section. D, SEM showing several backscattered 

electron-positive particles within the same tissue (but different section) corresponding to C. These backscattered electron-

positive particles showed a spectrum characteristic of talc (Image 1) (×500).

D
o

w
n

lo
a

d
e

d
 fro

m
 h

ttp
s
://a

c
a

d
e

m
ic

.o
u
p

.c
o

m
/a

jc
p

/a
d
v
a

n
c
e
-a

rtic
le

-a
b
s
tra

c
t/d

o
i/1

0
.1

0
9

3
/a

jc
p

/a
q

z
0

8
0

/5
5

3
2

3
5

5
 b

y
  jjjg

4
5
2

8
@

a
o

l.c
o

m
 o

n
 3

1
 J

u
ly

 2
0

1
9

Case 3:16-md-02738-FLW-LHG   Document 11620-4   Filed 12/24/19   Page 13 of 19 PageID:
 103111



13© American Society for Clinical Pathology

AJCP Or igina l  a r ticl e

Am J Clin Pathol 2019;XX:1-18
DOI: 10.1093/AJCP/AQZ080

as readily as macrophages that have ingested granite or 

control macrophages, which may be why we also ob-

serve talc particles in tissue outside of phagocytic cells. 

This apparent initial avidity of  macrophages for talc is 

consistent with the morphologic findings in our case se-

ries and may help explain the inflammatory potential of  

talc. Full reviews of macrophage biology and inflamma-

tory responses are available in the literature, including the 

phenomena of reactive oxygen species generation and 

opsonization.28-31 Talc may remain long after the initial 

inflammatory response has run its course, as evidenced 

by studies showing that talc has a slow dissolution rate in 

tissue.24 In addition to the macrophage activity described 

earlier, mixed inflammatory infiltrates were sometimes 

seen in our talc-containing cases, for example, in the fal-

lopian tube in patient 5 (Image 6) and the ovary in patient 

❚Image 7❚ Representative photomicrograph for patient 4. A, Tissue of the right ovary with a string-like arrangement of mul-

tiple birefringent particles (1-5 μm in greatest dimension) within ovarian stromal tissue (H&E, ×400). B, Scanning electron 

microscopy (SEM) showing an irregularly shaped particle, which in backscatter mode is about 6 μm in diameter. Energy-

dispersive X-ray analysis of this particle showed the typical spectrum of talc (Image 1) (×1,000). C, Right pelvic lymph node 

tissue with approximately eight birefringent particles (each ~2 μm in greatest dimension or less) visible in the same plane of 

focus with the cells of the lymph node. Many of these particles are clearly within macrophage cells in the lymph node. D, 

SEM of the same right pelvic lymph node tissue (but a different section) showing numerous backscattered electron-positive 

particles within the cytoplasm of a macrophage, similar to the light microscopic morphology in C. These particles had the 

characteristic spectrum of talc (Image 1) (×1,000).
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2 (Image 3). The understanding of talc’s ability to induce 

inflammation is well established.32

Through the migration of particles to lymph nodes 

as well as to other pelvic sites, the morphologic findings 

in our study indicate the likely importance of lymphatic 

pathways in the migration of talc. Talc may access 

lymphatics directly in the perineum (its typical initial 

exposure location) or at any point in its ascent through 

the genitourinary tract toward the fallopian tubes and 

ovaries. Among other possible mechanisms, this might 

occur through erosions in the superficial epithelial sur-

face, thereby exposing the lymphatic channels directly un-

derneath. Once talc particles reach ovaries and/or pelvic 

region lymph nodes, they have access to a further network 

of lymphatics present in those locations, thus yielding fur-

ther migration potential. One example would be talc mi-

gration to para-aortic nodes, which we have seen in one 

patient (not included as part of  this series but included 

in a separate report19) and conceptually mirrors the 

clinical finding that ovarian serous carcinoma tends to 

❚Image 8❚ Representative photomicrograph for patient 5. A, Birefringent particle approximately 7 μm in diameter, found in 

the soft tissues around the fallopian tube, and associated with chronic in!ammation (H&E, ×400). B, Scanning electron mi-

croscopy (SEM) showing numerous backscattered electron-positive particles within the soft tissues around the same fallopian 

tube tissue as in A but a different tissue section (×500). C, Two birefringent particles within a left pelvic lymph node (H&E, 

×400). D, SEM of the same pelvic lymph node tissue as in C, showing an irregularly shaped, backscattered electron-positive 

particle less than 5 μm in diameter, which showed the characteristic spectrum of talc.
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metastasize early to para-aortic nodes preferentially over 

other node groups.33 Theoretically, talc could even reach 

distant extrapelvic sites through further lymphatic spread 

and induce inflammatory reactions there, but in the 

women with ovarian malignancy who we have evaluated, 

this type of study opportunity has not arisen, simply be-

cause these extrapelvic tissues do not become available for 

examination as part of  TAH/BSO surgery.

Besides the finding (with obvious implications) of  

exogenous material in lymph nodes, in our set of  cases, 

evidence of  lymphatic migration was seen in the distribu-

tion of birefringent material around small blood vessels 

in the uterine serosa (cases 2 and 3)  and soft tissues at 

the periphery of the fallopian tube (cases 2 and 6). These 

areas are rich in lymphatics, and the clustering of exog-

enous material there is strongly suggestive of  migration 

via such a route. Lymphatic vessels are highly distensible 

and compliant and have an elaborate pumping mech-

anism consisting of contractile lymphatic muscle cells 

and one-way valves that facilitate the transport of  mate-

rial (whether endogenous or exogenous) consistently via 

an anterograde flow route.34 Initial lymphatics present in 

peripheral locations, such as those likely to be encountered 

in talc exposure, are typically tens of  microns in diam-

eter,34 well within the range of the 1- to 10-μm size typi-

cally seen for talc particles in exposure settings and also 

consistent with the size of  pathogens, malignant cells, and 

other materials the lymph system typically collects and 

transports.

Sentinel lymph node studies, although derived from 

oncology, offer insight into the migration potential of  

talc from the perineum or lower genital tract and help 

explain the peculiar idiosyncratic specificity of  talc mi-

gration sites that is often seen in patient cases. The ge-

neral principle from sentinel lymph node studies is that 

usually there is one node or at most a small group of 

nodes that represent the initial site of  dissemination or 

metastasis in a given patient, among many nodes that 

in theory are part of  the drainage basin,35 and so if  that 

sentinel node is free of  metastases, then remaining nodes 

in the same nodal basin should be free also.36 The lym-

phatic network of the ovary is known to be both rich and 

complex and subject to frequent remodeling based on the 

menstrual/hormonal cycle.37 Based on studies of  ovarian 

❚Image 9❚ Representative !bers and !ber-like particles (≥5:1 aspect ratio) found in our patient analysis (all photos are scan-

ning electron microscopy with backscattered electron imaging, ×500). A, Long aspect ratio !bers (arrows) with a chemical 

signature of calcium (Ca), magnesium (Mg), aluminum (Al), iron, and silicon (Si) found in patient case 2 (right ovary). Fiber at 

right is seen to be extending into tissue where it disappears from view; thus, its aspect ratio may be higher than what is vis-

ible. For the total of four long aspect ratio !bers (10:1 or greater) that we found in our study, based on atomic weight percent 

calculations, average Mg/Si was 0.241 and Ca/Si was 1.03, where the respective ratios expected for tremolite are 0.542 and 

0.357. Average Al/Si for the four !bers was 0.327, whereas no Al is expected for tremolite. B, Talc !ber-like particle (arrow) 

with an approximately 6:1 aspect ratio from case 2 (uterus). C, Talc !ber-like particle (arrow) from case 3 (uterus), with an ap-

proximately 6:1 aspect ratio. Particles in B and C had Mg-Si spectra with atomic weight percent ratios within 5% of the theo-

retical value of 0.649 for talc, similar to Image 1. In C, the other nearby backscattered electron-positive particles were also talc 

but did not meet the 5:1 aspect ratio threshold for a !brous morphology.
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malignancy, the most common drainage sites from the 

ovary are the pelvic, paraaortic, and iliac lymph nodes,38

so talc that migrates to the ovary would then be expected 

to have access to these lymph node groups through a sim-

ilar mechanism. A  further study by Vanneuville et  al39

using lymphoscintigraphy on 14 patients showed that 

ovarian lymphatic drainage may be age dependent, with 

premenopausal drainage likely to be both pelvic and 

para-aortic but postmenopausal drainage likely to be pre-

dominantly para-aortic. As for the lymphatic drainage 

basin for the uterus, pelvic and para-aortic nodes may be-

come involved simultaneously, in contrast to those in the 

cervix, where pelvic nodes become involved first and then 

result in spread to para-aortic nodes.40 Further sentinel 

lymph node studies have showed that within the uterus, 

upper and lower drainage pathways exist, with the former 

draining to external iliac and obturator lymph nodes 

and the latter draining to the internal iliac and presacral 

lymph nodes.41 Furthermore, pelvic lymphatic pathways 

are frequently anastomosing, idiosyncratic, and subject to 

modification.37,39,40

Taking all of this together, it seems prudent to con-

clude that once talc gains access to the lymphatic system 

anywhere in the female genital tract, it could potentially 

be detected in any of the lymph node groups previously 

described for which metastases and sentinel lymph node 

tracers have been localized in the past, as well as in solid 

organ sites (ovary, fallopian tube, uterus), which contain ef-

ferent from those same lymphatic networks. This is entirely 

consistent with the spectrum of histologic findings that we 

report in this case series. It is also likely that patterns of 

talc dissemination, like patterns of lymphatic drainage and 

metastasis in other settings, are likely to be idiosyncratic 

and patient dependent, without clear explanations in most 

cases as to why a given patient localized foreign material in 

a particular node or site and not other sites, other than a 

given particular drainage pathway simply being what that 

patient’s anatomy prefers. Other factors, such as the overall 

burden of exposure, the exact sites of exposure and the na-

ture of the physical application, and the size distribution 

of the talc particle exposure, all also likely play roles in 

whether and where pelvic migration pathways develop.

Among the five patients in the main study, two 

had a history of tubal ligation (cases 2 and 3, Table 1). 

In theory, this should reduce the risk of ovarian carci-

noma from talc exposure by blocking the latter’s ascen-

sion to the ovaries through the reproductive tract, thus 

mitigating inflammatory effects. In fact, some but not all 

studies have shown an increased risk in malignancy from 

talc use in women who have not undergone tubal liga-

tion.5,42,43 What is interesting is that the two patients in 

our study with tubal ligations had numerous talc particles 

in a strongly lymphovascular distribution in their uterine 

serosal areas (Tables 2 and 3 and Image 3), with patient 2 

also showing abundant talc in pelvic region lymph nodes 

(nodes were not sampled in patient 3). Although the num-

bers here are too small to draw definitive conclusions, an 

interesting possibility is that blockage of the reproductive 

tract passage may lead to countervailing greater access of  

talc to the lymphatic system, especially if  exposure levels 

are high.

Talc found in our study was usually polygonal and 

nonfibrous; nevertheless, 18 fiber-like talc particles were 

found across the main part of  the study, with an as-

pect ratio of 5:1 or more. These were typically found in 

areas with large collections of talc particles overall (eg, 

macrophages, lymph nodes) and so most likely simply rep-

resent one end of the size distribution of naturally hetero-

geneous particles in size and shape. Only four long aspect 

fibers (≥10:1) were found, and these were nonasbestos.

The expanded understanding of talc’s biologic poten-

tial, as evident in this set of  cases, has implications for sur-

gical pathologists who review TAH/BSO specimens from 

patients with ovarian carcinoma. If a history of talc use is 

known or suspected, it may be prudent to examine with po-

larizing light microscopy the range of tissue types studied 

in this case and not simply the ovaries (although the latter 

is indeed a prudent place to start, especially if  benign re-

sidual stroma can be found). If birefringent particles are 

identified in the tissue, the corresponding slides and blocks 

can then be referred for SEM/EDX analysis for confirma-

tion. Based on our surgical pathology experience, the mac-

rophage, giant cell, and chronic inflammatory infiltrates 

seen in some of our talc-containing cases by light micros-

copy are unlikely to be pathognomonic alone. Thus, while 

their presence is of  interest, especially in the right clin-

ical setting (ie, history of talc use), the auxiliary studies 

described here would be needed. Our concomitant study 

of six patient controls supports the contention that talc is 

rarely found in the pelvic tissues of  nonexposed patients. 

The findings in the main study, especially balanced against 

the control tissue findings, further support the contention 

that unexpected or unexplained inflammatory infiltrates 

(especially chronic or macrophage-rich), combined with 

birefringent material on polarized microscopy, should 

prompt SEM/EDX for confirmation of talc (or, if  not talc, 

whatever the exogenous substance may be).

Conclusion

The existence of morphologically demonstrated talc 

in multiple pelvic organ sites, including pelvic tissues and 

lymph nodes simultaneously, which is reported here in 
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multiple patients, has not been reported to our knowledge. 

Given the ongoing concerns regarding talc, particularly 

with regard to its epidemiologic association with ovarian 

cancer, these findings are important and offer new insight 

into the biologic potential of talc, its inflammatory poten-

tial, and its migration via pelvic lymphatics from the peri-

neum. Along with the available epidemiologic studies and 

the few previous morphology-based reports, the findings 

suggest that clinicians may want to closely examine pelvic 

organs and lymph nodes (when made available through sur-

gical resection) for talc in patients with ovarian carcinoma 

and a history of perineal talc use. The index of suspicion 

is especially high in cases with birefringent material (by 

polarizing light microscopy) and unexplained chronic or 

macrophage-rich inflammatory infiltrates in pelvic tissues.
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