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Abstract 87 

Objective: Using a transcriptional approach on tissue samples, we sought to identify 88 

predictive biomarkers of post molar malignant transformation, and of choriocarcinoma 89 

chemosensitivity to mono- (methotrexate or actinomycin D) or polychemotherapy 90 

[EMA(Etoposide, Methotrexate, Actinomycin D)-CO(Cyclophosphamide, Vincristine) and 91 

EMA-EP(Etoposide, Cisplatine)] regimens.  92 

Methods: We studied the expression of a 760-gene panel (PanCancer Pathway) related to 93 

oncogenesis and immune tolerance in tissue samples of complete hydatidiform moles and 94 

gestational choriocarcinoma.  95 

Results: We did not identify any differentially expressed gene between moles with post molar 96 

malignant transformation in choriocarcinoma (n=14) and moles with remission (n=20). In 97 

monochemoresistant choriocarcinoma (n=34), four genes (HLA-G, COL27A1, IL1R2 and 98 

GLI3) had a significantly reduced expression and one (THEM4) had an increased expression 99 

[FDR (false discovery rate) adjusted p-value ≤0.05] when compared to monochemosensitive 100 

choriocarcinoma (n=9). The proportion of trophoblast cells and the intensity of 101 

immunohistochemical HLA-G expression were reduced in monochemoresistant 102 

choriocarcinoma (p<0.05). In polychemoresistant choriocarcinoma (n=20) we did not identify 103 

differentially expressed genes with an FDR adjusted p-value ≤0.05 when compared to 104 

polychemosensitive choriocarcinoma (n=15). Gene pathway analysis revealed a predicted 105 

activation of IFN ᵞ in monochemoresistant choriocarcinoma and inhibited IL2 and TNF in 106 

polychemoresistant choriocarcinoma. The main biological functions predicted to be altered in 107 

chemoresistant choriocarcinoma were related to immunological homeostasis and 108 

leukopoiesis.  109 

Conclusion: HLA-G is a strong candidate gene to predict choriocarcinoma resistance to 110 

monochemotherapy and that further studies are required to implement its routine 111 

quantification in the decision process for the management of gestational choriocarcinoma. 112 
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Introduction 113 

 114 

Gestational trophoblastic neoplasia (GTN) are epithelial proliferations developed from 115 

placental trophoblast [1]. Although the majority of patients can be cured when treated 116 

according to international standards, some of patients experience relapses and poor 117 

survivals, especially those with histology of choriocarcinoma or with disseminated 118 

diseases, mainly due to chemoresistance [2,3]. Except for rare GTN types such as 119 

placental site trophoblastic tumors and epithelioid trophoblastic tumors, which should 120 

be treated with surgical excision, the reference treatment for GTN is chemotherapy 121 

[4,5]. The choice of chemotherapy regimen is based on the FIGO (Fédération 122 

Internationale de Gynécologie Obstétrique) score, which is calculated with clinical, 123 

biological and radiological data. A score ≤6 indicates a low-risk of resistance to 124 

monochemotherapy, i.e. methotrexate or actinomycin D [5], while those with a score 125 

≥7 are treated with polychemotherapy, the most described being EMA-CO 126 

(etoposide, methotrexate, actinomycin-D, cyclophosphamide and vincristine) [4-6]. 127 

Nevertheless, among low-risk patients, the incidence of resistance to methotrexate is 128 

still 22.5-50% [7-10]. Moreover, long-term adverse effects observed with these 129 

regimens are significant, with increased risks of oral carcinomas, melanoma, 130 

meningioma, leukemia and early menopause after EMA-CO for example[11]. 131 

 132 

In the context of innate tolerance of trophoblast tissues and ubiquitous expression of 133 

immune check-points, such as PD-L1 in GTN tissue samples, the effectiveness of 134 

PD-L1 blockade with avelumab in patients resistant to methotrexate or EMA-CO is 135 

being assessed in an ongoing phase II trial (NCT03135769) [12,13]. The preliminary 136 

results suggested that up to 50% patients experienced disease remissions and hCG 137 
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normalizations after resistance to methotrexate, with only few minor side effects, 138 

while the remaining patients had resistances to avelumab [14]. It raises the question 139 

of the deleterious role of first-line chemotherapy that could potentially lead to a 140 

depletion of the cellular anti-tumor immune response. Thus, it would be relevant to 141 

predict post molar malignant transformation early, as well as the risk of resistance to 142 

chemotherapy, in order to offer immunotherapy as a first-line treatment as way of 143 

improving survival while avoiding additional unnecessary chemotoxicity. So far, no 144 

predictive biomarkers of post molar choriocarcinoma transformation or 145 

chemoresistance have been identified. 146 

Using a transcriptional approach on tissue samples, the present study aimed at 147 

identifying predictive biomarkers of malignant transformation of hydatidiform moles, 148 

and of choriocarcinoma chemosensitivity to mono or polychemotherapy regimens. 149 
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Material and methods 150 

• Patients and samples 151 

Patients were registered in the French Reference Center for Trophoblastic Diseases, 152 

while the study (NCT03488901) was approved by the local ethical committee. Each 153 

histological diagnosis was confirmed by two referent pathologists from the Center. 154 

Samples were retrieved from the French Biobank for the study of Trophoblastic 155 

Diseases (CRB-HCL Hospices Civils de Lyon)[15]. 156 

Low-risk gestational choriocarcinoma patients (FIGO≤6) were treated with 157 

monochemotherapy (methotrexate or actinomycin D), and high-risk patients (FIGO≥7 158 

or resistance to monochemotherapy) were treated with polychemotherapy regimens 159 

(EMA-CO or EMA-EP) between 2005 and 2017 (Table 1). Chemosensitivity was 160 

defined as hCG (human chorionic gonadotropin) normalization during chemotherapy 161 

including two consolidation cycles. Chemoresistance was defined as a plateau 162 

(≤10% changes) in serum hCG concentrations, on at least four consecutive weekly 163 

measurements over 3 weeks, or a rise >10% on three consecutive weekly 164 

measurements over 2 weeks[16].  165 

We compared the transcriptional profiles of complete hydatidiform moles 166 

subsequently transformed into choriocarcinoma after curettage (n=14) to those with 167 

post-curettage hCG normalization (n=20).  168 

To identify predictive biomarkers of chemoresistance to mono and polychemotherapy 169 

in gestational choriocarcinoma, we compared the transcriptional profiles of 170 

choriocarcinoma resistant to monochemotherapy (n= 34 samples) with those 171 

sensitive to monochemotherapy (n=9) (Table 2), assuming that polychemoresistant 172 

choriocarcinoma were also resistant to monochemotherapy. 173 
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To identify predictive biomarkers of resistance to polychemotherapy, we compared 174 

the transcriptional profiles of choriocarcinomas resistant to polychemotherapy (n=20), 175 

with those of choriocarcinomas sensitive to polychemotherapy (n=15) (Table 1). All 176 

patients registered in the French Center database were checked for available 177 

choriocarcinoma tissue sample. We selected for analysis all samples with sufficient 178 

amount of tissue to perform RNA extraction. 179 

 180 

• RNA extraction 181 

Macrodissection excluded peritumoral and necrotic tissue for choriocarcinoma 182 

samples and endometrium for hydatidiform mole samples. RNAs were extracted from 183 

Formalin Fixed Paraffin Embedded (FFPE) samples. Two to six 5-µm slides were 184 

used. Slides were first dewaxed with two baths of D-Limonene (2min) and a bath of 185 

Absolut Ethanol (2min), and RNA extraction was then performed using High Pure 186 

FFPET RNA Isolation Kit (Roche, Switzerland, #06483852001).  187 

 188 

• Gene expression 189 

Gene expression analysis was conducted on the NanoString nCounter gene 190 

expression platform (NanoString Technologies). A mixed code set  consisting of a 191 

730-gene panel (PanCancer Pathway) related to 13 cancer-associated canonical 192 

pathways including: MAPK, STAT, PI3K, RAS, Cell Cycle, Apoptosis, Hedgehog, 193 

Wnt, DNA Damage Control, Transcriptional Regulation, Chromatin Modification, and 194 

TGF-ẞ, and a custom 30-gene panel (Supplementary table 1) selected among a T 195 

cell-inflamed gene expression profile described by Ayers et al.[17] and trophoblast 196 

tolerance genes was used. Depending on concentrations, hybridization with Human 197 

PanCancer Progression probes (Nanostring Technologies, USA, #XT-CSO-PROG1-198 



10 

 

12) was performed using 78 ng to 200ng RNA, according to manufacturer 199 

instructions. After a 17-20h-incubation at 65°C, samples were processed on a 200 

Nanostring nCounter FLEX platform. Raw counts for individual digital molecular 201 

barcodes were normalized on 6 positive internal controls and 40 housekeeping 202 

genes using nSolver 4.0 analysis software (Nanostring Technologies, USA). The 203 

background was estimated from blank wells and six negative internal controls and 204 

removed from raw counts. 205 

 206 

• Generation of normalized data 207 

Each sample was analyzed in a separate multiplexed reaction including each, 8 208 

negative probes and 6 serial concentrations of positive control probes. Negative 209 

control analysis was performed to determine the background for each sample.  210 

Data was imported into nSolver analysis software (version 4.0, Nanostring 211 

technologies) for quality checking and normalization of the data. A first step of 212 

normalization using the internal positive controls permitted correction of potential 213 

source of variation associated with the technical workflow. We calculated for each 214 

sample the geometric mean of the positive probe counts. A scaling factor for a 215 

sample was a ratio of the geometric mean of the sample, and the average across all 216 

geometric means. For each sample, we divided all gene counts by the corresponding 217 

scaling factor. Finally, to normalize for differences in RNA input we used the same 218 

method as in the positive control normalization, except that geometric means were 219 

calculated over 40 housekeeping genes (Supplementary Table). Results are 220 

expressed in fold change induction. 221 

 222 
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Normalized counts were analyzed according to post molar malignant transformation 223 

and chemoresistance profile. Expression of every single gene within the categories 224 

was compared by t-test using nSolver 4.0 software. P-value and false-discovery rate 225 

adjusted p-value (Benjamini-Hochberg) were computed. We identified differentially 226 

expressed genes with a low stringency FDR, i.e. FDR-adjusted p-value ≤ 0.25.  227 

 228 

• Gene pathway analysis 229 

Differentially expressed genes with low stringency (FRD<0.25) were analyzed for 230 

enrichment of pathways using Ingenuity Pathway Analysis (IPA) software (Qiagen, 231 

Redwood City, CA). 232 

 233 

• Immunohistochemistry 234 

Blocks sections of 4 μm were simultaneously cut, mounted, dried at 37 °C for 12 h 235 

and deparaffinizated with xylene and rehydrated through graded ethanol treatment. 236 

Primary antibodies against p57 (57P06, 1:400, mAb, ThermoScientific), HLA-G 237 

(clone 4H84, 1:50, mAb recognizing all HLA-G isoforms, Abcam), and ERBB2 (4B5, 238 

1:100, mAb recognizing HER2 antigen, Ventana, Roche) were used. The 239 

visualization system used was the BenchMark XT (Ventana Roche) with heat-240 

induced epitope retrieval (CC1 solution, Ventana, Roche) and the UltraView DAB 241 

detection kit (Ventana, Roche).  242 

Immunohistochemical staining was evaluated by one referent pathologist (FA) who 243 

was blinded to the patient outcome, on an entire tissue section (6 to 7 cm2) at 100x 244 

magnification using a semi-quantitative scoring system for each trophoblastic 245 

subtype, i.e. cytotrophoblast, intermediate trophoblast and syncytiotrophoblast, 246 

distinguished according to morphological criteria. Cytotrophoblast was characterized 247 
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by mononucleate cells with uniform and round nuclei, resembling the villous 248 

cytotrophoblast in chorionic villi, while intermediate trophoblast was characterized by 249 

large pleomorphic hyperchromatic nuclei and abundant amphophilic cytoplasm, 250 

resembling the trophoblastic cells in the implantation site. The h-score score was 251 

obtained after the multiplication of intensity score (0-4) and the percentage of stained 252 

cells (0, 1 for 0-10%, 2 for 11-50% and 3 for ≥50%).   253 
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Results 254 

 255 

1. Differentially expressed gene profiles according to post molar malignant 256 

transformation, and resistance to mono or polychemotherapy 257 

The comparison of transcriptional profiles of moles with transformation into 258 

choriocarcinoma with those associated with post curettage hCG normalization 259 

revealed only 5 differentially expressed genes with an extremely low FDR stringency 260 

(FDR different than 1) (Table 3A). CDKN1C, a maternally expressed gene coding the 261 

protein p57KIP2, was the most dysregulated genes (2.74-fold, FDR=0.51) in moles 262 

transformed into choriocarcinomas. Since p57KIP2 staining is routinely used in daily 263 

pathology practice to distinguish partial and complete moles and despite an FDR 264 

>>0.05, the expression of p57KIP2 in the complete hydatidiform mole samples of this 265 

study was localized and quantified using immunohistochemistry. Quite unsurprisingly, 266 

semi-quantitative assessments of p57KIP2 showed no significant difference in terms of 267 

h-score between moles further transformed into choriocarcinoma and those with 268 

remission. The expression pattern of p57KIP2 was restricted to the nuclei of 269 

intermediate trophoblast, without any staining of villous mesenchyme, cyto or 270 

syncytiotrophoblast.  271 

To identify predictive biomarkers of resistance to monochemotherapy in gestational 272 

choriocarcinomas, we compared the transcriptional profiles of 34 samples of 273 

choriocarcinomas resistant to monochemotherapy with those of 9 samples sensitive 274 

to monochemotherapy. Nineteen genes were differentially expressed between these 275 

two groups with a low stringency FDR (FDR <0.25) (Table 3B). Four genes were 276 

differentially expressed between these two groups with high stringency FDRs 277 
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(FDR<0.05): HLA-G (-9.19-fold), IL1R2 (-4.95-fold), and COL27A1 (-3.65-fold) were 278 

under expressed, while THEM4 was slightly over expressed (1.55-fold) in 279 

chemoresistant choriocarcinomas. GLI3 was under expressed (-1.59-fold) with an 280 

FDR of 0.05 in chemoresistant choriocarcinomas. 281 

To identify predictive biomarkers of resistance to polychemotherapy in gestational 282 

choriocarcinoma, we compared the transcriptional profiles of 20 samples of 283 

choriocarcinomas resistant to polychemotherapy with those of 15 samples sensitive 284 

to polychemotherapy. Only 12 genes were differentially expressed with low 285 

stringency FDRs (FDR<0.25) between these two groups (Table 3C). The most 286 

differentially expressed genes with FDRs <0.1 were SOS2 (-1,61-fold), ERBB2 (-287 

2,44-fold), ITGA6 (1,79-fold), LIFR (-2,47-fold), and GADD45G (-2,75-fold). Overall, 4 288 

differentially expressed genes were shared between choriocarcinomas resistant to 289 

mono and polychemotherapy: COL27A1, SOS2, IL2RB, and ITGA6. 290 

2. Protein expression assessment of the most differentially expressed 291 

genes 292 

We identified HLA-G as the most differentially expressed gene in choriocarcinomas 293 

resistant to monochemotherapy. In polychemotherapy resistant choriocarcinomas, 294 

ERBB2 was one of the highly differentially expressed gene, also known to be 295 

involved in breast cancer tumorogenesis. As a consequence, HLA-G and ERBB2 296 

protein expressions were assessed on FFPE tissue samples.  297 

The expression of HLA-G protein was semi-quantified and localized using 298 

immunohistochemical staining in the 43 choriocarcinoma samples selected for 299 

prediction of chemoresistance to single agent regimen. HLA-G protein was detected 300 

in all trophoblast subtypes of choriocarcinoma, mainly in intermediate trophoblast (IT) 301 
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and cytotrophoblast (CT), and weaker in syncytiotrophoblast (ST) (Figure 1A). 302 

Expression pattern was homogeneous among samples and characterized by staining 303 

in the cytoplasm and at the cytoplasmic membrane. The HLA-G total h-score, i.e. the 304 

addition of IT, CT and ST h-scores, was significantly lower in monochemotherapy 305 

resistant compared to sensitive choriocarcinomas (p=0.03). In the CT of 306 

monochemotherapy resistant choriocarcinomas, the h-score was lower than in 307 

sensitive CT (p=0.02) (Figure 1B).  308 

In the 35 choriocarcinoma samples selected for chemoresistance prediction to 309 

polychemotherapy, ERBB2 protein expression was semi-quantified and localized 310 

using immunohistochemistry. ERBB2 was detected on the cytoplasmic membrane of 311 

all trophoblast subtypes (Figure 1C). The ST h-score was significantly lower in 312 

choriocarcinomas resistant than in those sensitive to polychemotherapy (p=0.03) but 313 

this difference was not statistically significant for IT, CT or total h-score (Figure 1D). 314 

3. Gene network analysis 315 

The differentially expressed genes were analyzed with IPA, according to resistance 316 

status of choriocarcinomas to mono or polychemotherapy. To maintain a diversity 317 

compatible with a comprehensive approach of involved mechanisms, a low 318 

stringency FDR threshold (FDR<0.25) was used. We studied the predicted biological 319 

functions affected by these differentially expressed genes and their predicted 320 

upstream regulators.  321 

The five main biological functions predicted to be affected in resistance to mono and 322 

polychemotherapy are presented in Figure 2A. Despite a wide oncogenesis-focused 323 

studied gene panel, the functions mainly involved were immunological homeostasis 324 

and leukopoiesis in chemoresistant choriocarcinomas. Leukopoiesis and cell 325 
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migration functions were shared in choriocarcinomas resistant to mono or 326 

polychemotherapy. The other functions were mainly related to T cell differentiation in 327 

choriocarcinomas resistant to monochemotherapy, and cell proliferation in 328 

choriocarcinomas resistant to polychemotherapy.  329 

The gene expression profiles identified IFN ᵞ, IL2, TNF and IL4 as predicted 330 

upstream regulators of resistance to chemotherapy, IFN ᵞ on an activated status, and 331 

IL2, TNF and IL4 on an inhibition status (Figure 2B). The gene expression profiles of 332 

choriocarcinomas resistant to polychemotherapy were associated with 4 main 333 

upstream regulators: IL2, TNF, beta-estradiol and TP53, each of them on an 334 

inhibition status (Figure 2B). Comparative analyses suggest that resistances to mono 335 

and polychemotherapy would be mainly associated with an inhibition status of 336 

upstream regulators. IL2 and TNF are shared predicted upstream regulators of 337 

resistance to mono and polychemotherapy, both regulated on inhibition status, while 338 

INF ᵞ is the only predicted active upstream regulator.   339 
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Discussion 340 

 341 

Regarding post molar malignant transformation, the present study could not identify 342 

any gene expression differences in between those becoming choriocarcinoma and 343 

those normalizing after curettage, despite a large number of samples (34 samples), a 344 

wide gene panel (770 genes), and an homogeneous definition of post molar 345 

malignant transformation, i.e. the pathological diagnosis of post molar 346 

choriocarcinoma.  347 

Of note, we conducted a parallel study using a few qualified samples (2 FFPE paired 348 

tissue samples, placental controls GEO GSE6573, GSE9984, GSE12767) and 349 

GeneChip™ Human Genome U133 Plus 2.0 Array (analysis of about 47,000 350 

transcripts) with consistent outcomes. No predictive value was found with 45 351 

identified candidate genes (Supplementary Table 2) regarding post molar malignant 352 

transformation on fresh frozen hydatidiform mole samples (16 paired tissue samples) 353 

(Supplementary Figure). Note however that our best candidate gene was the 354 

MALAT1 (identified by a dozen probesets) non-coding RNA described in lung, liver, 355 

breast and colon cancer, and seemingly involved in the control of cell 356 

proliferation[18]. The lack of significant identification of differentially expressed genes 357 

with regard to tumor transformation can be interpreted by the imprecision of the 358 

biological definition of the post molar malignant transformation, as by a marked 359 

interindividual variability. Altogether, we can conclude that the interindividual 360 

variability in transcriptional profile is remarkably high in hydatidiform mole tissue 361 

samples.  362 

 363 
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Nevertheless, despite this high variability, we were able to identify a low number of 364 

differentially expressed genes was found in choriocarcinomas associated with 365 

resistance to mono or polychemotherapy compared to those associated with 366 

chemosensitive tumors. Four genes were associated with resistance to 367 

monochemotherapy with FDRs <0.05, and to polychemotherapy with FDRs ≤0.08. 368 

Three of these genes, HLA-G, IL1R2 and THEM4, were specific of the resistance to 369 

monochemotherapy, while two of them, ERBB2 and LIFR, appeared specific of the 370 

polychemotherapy resistance. 371 

In addition to our study, few transcriptomic approaches have been described in the 372 

literature to attempt to answer the question of predicting chemoresistance in 373 

trophoblastic tumors. The Wnt / ß-catenin and PI3K / AKT / mTOR oncogenesis 374 

pathways are activated in methotrexate-resistant choriocarcinoma and colorectal 375 

cancer lines, related to the overexpression of the long noncoding RNA H19[19,20]. 376 

Despite the exhaustive presence of the genes of these two pathways in the panel of 377 

genes studied, we did not observe any activation of these genes. Note however that 378 

the THEM4 and PDGFA genes overexpressed in the methotrexate resistance 379 

condition are associated with the PI3K / AKT pathway, and that the SFRP2 gene 380 

overexpressed under the resistance to polychemotherapy condition is associated 381 

with the Wnt / ß-catenin pathway. 382 

 383 

Among the differentially expressed genes, the expression pattern of the HLA-G 384 

protein which was significantly reduced in choriocarcinomas resistant to 385 

monochemotherapy is of interest. HLA-G is suspected to be involved in inhibition of 386 

cytotoxicity[21], chemotaxis[22], or interferon gamma (IFN ᵞ) regulation[23]. In 387 

gestational trophoblastic diseases, the expression of HLA-G has been described in 388 
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intermediate trophoblast of gestational choriocarcinomas[24,25], and in extra-villous 389 

trophoblast and decidual macrophages of hydatidiform moles[26,27]. The current 390 

observation of HLA-G expression in trophoblast subtypes other than intermediate 391 

trophoblast, i.e. cytotrophoblast and syncytiotrophoblast, has never reported before. 392 

This observation suggests that the potential role of the sustained expression of HLA-393 

G protein as a predictive biomarker of chemosensitivity in gestational 394 

choriocarcinoma has never been investigated. In line with our observations, it was 395 

recently proposed that the non-response to anti PD-1 treatment  (pembrolizumab) 396 

was associated with a loss of HLA-G expression in choriocarcinoma trophoblast[28]. 397 

Beyond variations of HLA-G localization, quantitative changes of HLA-G were shown 398 

in different tumor types. HLA-G expression was reported in many solid cancers[29] 399 

such as esophageal, liver and colorectal cancers[30,31], and high proportions 400 

(>55%) of tumor cells expressing HLA-G were associated with worse overall 401 

survivals, although the involved mechanisms remained unclear[32]. In ovarian 402 

carcinoma, only two studies were published, and they are concordant with our 403 

observations. Rutten at al. showed that the overall survival of patients with high 404 

grade ovarian carcinoma was improved when tissue HLA-G mRNA level was 405 

increased compared to normal expression level[33]. In line with our observation, 406 

Davidson et al. reported that the presence of HLA-G-positive tumor cells in malignant 407 

effusions of ovarian carcinoma, when measured by immunohistochemistry with the 408 

same 4H84 monoclonal antibody used in the present study, obtained prior to the 409 

institution of chemotherapy correlated with better overall survival. This correlation 410 

with an improved survival might be related to preferential chemosensitivity of HLA-G-411 

expressing cells[34]. In summary, opposed prognostics are reported according to the 412 

observed HLA-G form (intracytoplasmic, membranous, free soluble or in micro-413 
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vesicle) [35]. Therefore, further immunohistochemistry studies should distinguish the 414 

biomarker value of these different HLA-G forms in choriocarcinoma. The HLA-G 415 

staining results of the present study might then be completed with dedicated 416 

monoclonal antibody such as 5A6G7, which specifically recognizes the soluble form 417 

of HLA-G to define whether both membrane-bound and soluble HLA-G or either one 418 

are down-regulated in chemoresistant choriocarcinomas[36]. Beyond the function of 419 

HLA-G in the chemoresistance of choriocarcinoma, its regulation mechanisms also 420 

remain to be elucidated. Of note, we report a minor reduction of GLI3 expression, a 421 

signal transducer of the Hedgehog pathway, by monochemoresistant 422 

choriocarcinomas, while Deschaseaux et al. previously demonstrated that HLA-G 423 

down regulation during the maturation of osteoblast was due to the binding of GLI3 to 424 

the GLI binding element within the HLA-G promoter[37]. Further investigations to 425 

elucidate the interaction between HLA-G and GLI3 in the context of cancer are then 426 

required. 427 

 428 

Concerning predicted upstream regulators to the transcriptional profile observed in 429 

monochemotherapy resistant choriocarcinomas, it is interesting to consider that it 430 

may be related to an activated state of IFN ᵞ in the intra or peri-tumoral area. It 431 

should be noted that the CREB3L4 and HIST1H3G genes expressed in the 432 

methotrexate resistance condition are associated with the type 1 interferon signaling 433 

pathway. Consistently with a more tolerogenic environment, an in vitro study showed 434 

that the treatment of JEG-3 choriocarcinoma cell line by IFN ᵞ favored the 435 

differentiation of CD4+HLA-G+ T cells. However, JEG-3 exposition to IFN ᵞ led to an 436 

increased expression of HLA-G, while in our study, an activated upstream IFN ᵞ was 437 

predicted to be associated with a downregulated HLA-G expression on 438 
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choriocarcinoma trophoblast[38]. Interestingly, Elias et al. showed that methotrexate 439 

resistant JEG-3 choriocarcinoma cell lines exhibited upregulation of another 440 

interferon type response signature, i.e. type I interferon. Moreover naïve JEG-3, 441 

exposure to recombinant IFNA2 partially protected JEG-3 from the effects of 442 

methotrexate[39].  443 

 444 

Concerning polychemotherapy resistance, we identified four genes shared with 445 

monochemotherapy resistant choriocarcinomas: COL27A1, IL2RB, ITGA6, and 446 

SOS2. Cell proliferation and migration are the main altered biological functions 447 

associated with resistance to polychemotherapy, the latter being also associated with 448 

resistance to monochemotherapy. Among predicted upstream regulators to the 449 

observed transcriptional profile, the down regulation of IL2 and TNF is also shared 450 

with choriocarcinomas resistant to monochemotherapy.  451 

We investigated protein expression and immunostaining intensity of ERBB2, one of 452 

the most differentially expressed, but we were not able to associate any change with 453 

resistance to polychemotherapy. ERBB2 is a member of the human epidermal 454 

growth factor receptor family, and regulates the proliferation and differentiation of 455 

various tumor cells[40]. Overexpression of ERBB2 defines an aggressive subtype of 456 

breast cancers[41]. ERBB2 gene amplification has also been evidenced in normal 457 

differentiated HLA-G+ trophoblast, thereby suggesting that copy number alterations 458 

represent a normal feature of developmental processes[42]. The expression of 459 

ERBB2 was reported in hydatidiform moles with contradictory conclusions on its 460 

predictive value for post molar malignant transformation[43-46]. Moreover, two 461 

studies reported a high variability in ERBB2 immunostaining intensity in gestational 462 

choriocarcinoma, but no correlation to chemoresistance was found [43,47]. 463 
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 464 

To conclude, this transcriptomic study did not reveal any predictive factors of post 465 

molar malignant transformation into choriocarcinoma but identified reduced HLA-G 466 

expression at both mRNA and protein levels as a potential predictive biomarker of 467 

monochemotherapy resistance of gestational choriocarcinomas. This assumption 468 

should be confirmed on a distinct prospective cohort, as a way of identifying patients 469 

with monochemotherapy resistance early. Such a parameter could be integrated in 470 

decision algorithms, currently based on FIGO score. We envision that upfront 471 

treatment might be personalized in patients with decreased HLA-G expression with 472 

innovative treatments, such as immunotherapy alone or in combo with methotrexate. 473 

It would increase treatment efficacy and reduce useless exposition to toxic 474 

polychemotherapy. To simplify HLA-G expression assessment, avoiding uterine 475 

biopsies, further research on soluble or circulating forms of HLA-G, i.e. on exosomes 476 

or circulating trophoblastic cells, might represent promising future diagnostic 477 

methods. 478 

 479 
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Tables 668 

Table 1. Gestational choriocarcinoma-treated patients’ characteristics 669 

n, number; EMA-CO, etoposide, methotrexate, actinomycin D, cyclophosphamide and vincristine; 670 

EMA-EP, etoposide, methotrexate, actinomycin D, etoposide and cisplatin; range, min-max; y, 671 

year; hCG, human chorionic gonadotropin; IU/L, international units per liter; FIGO, Fédération 672 

Internationale des Gynécologues et Obstétriciens;  673 

 674 

FIGO stage I: disease is confined to the uterus, stage II: disease extends to the genital tract, 675 

stage III: disease is spread to lungs with or without extension to the genital tract, and stage IV 676 

occupies all other metastatic sites including liver, kidney, spleen, and brain. 677 

*1 patient was cured by actinomycin D after first-line methotrexate failure. 678 

 679 

Table 2. Choriocarcinoma samples used for transcriptomic profile comparisons 680 

aincluding 2 patients with 2 biopsies on distinct metastatic sites 681 

bincluding 1 patient with 2 biopsies on distinct metastatic sites 682 

 683 

Table 3. Differentially expressed genes according to extremely (<0.1) and low 684 

(<0.25) stringency false discovery rate (FDR) adjusted p-value thresholds. 685 

 686 

A- 14 complete hydatidiform moles with subsequent malignant transformation in 687 

choriocarcinoma were compared with 20 complete hydatidiform moles which 688 

were followed by hCG normalization without chemotherapy. 689 

B- 34 monochemoresistant were compared with 9 monochemosensitive 690 

choriocarcinoma samples  691 

C- 20 polychemoresistant were compared with 15 polychemosensitive 692 

choriocarcinoma samples  693 
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Figure caption 694 

 695 

Figure 1. Localization and semi-quantitative assessment of HLA-G and ERBB2 696 

protein expression in mono, or polychemotherapy resistant choriocarcinomas. 697 

  698 

A. HLA-G immunostaining in gestational choriocarcinomas according to 699 

the resistance profile to monochemotherapy. Stadandard coloration 700 

(hematoxylin, eosin and safran) shows triphasic gestational choriocarcinomas 701 

(upper panels, magnification 10X). Expression pattern of HLA-G in 702 

monochemotherapy resistant (lower left panel) and monochemotherapy 703 

sensitive (lower right panel) choriocarcinomas. 704 

B. HLA-G protein semi-quantitative assessment. The h-score was obtained 705 

after multiplication of intensity score (0-4) and the percentage of stained cells 706 

(0, 1 for 0-10%, 2 for 11-50% and 3 for ≥50%); IT, Intermediate trophoblast; 707 

CT, cytotrophoblast; ST, syncytiotrophoblast. 708 

C. ERBB2 immunostaining in gestational choriocarcinomas according to 709 

the resistance profile to polychemotherapy. Stadandard coloration 710 

(hematoxylin, eosin and safran) shows triphasic gestational choriocarcinomas 711 

(upper panels, magnification 10X). Expression pattern of ERBB2 in 712 

polychemotherapy resistant (lower left panel) and polychemotherapy sensitive 713 

(lower right panel) choriocarcinomas. 714 

D. ERBB2 protein semi-quantitative assessment. The h-score was obtained 715 

after multiplication of intensity score (0-4) and the percentage of stained cells 716 

(0, 1 for 0-10%, 2 for 11-50% and 3 for ≥50%); IT, Intermediate trophoblast; 717 

CT, cytotrophoblast; ST, syncytiotrophoblast.   718 
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Figure 2. Predicted affected biological functions and upstream regulators in 719 

mono and polychemotherapy resistant gestational choriocarcinomas.  720 

The upper two panels (A) show the predicted inhibition (grey and blue boxes) of 721 

down- (green boxes) and up- (red boxes) regulation of differentially expressed genes 722 

on biological functions according to mono or polychemotherapy resistant profiles of 723 

choriocarcinomas. The lower two panels (B) show the activation (orange square box) 724 

or inhibition (blue square boxes) state of  predicted upstream regulators of 725 

differentially expressed genes according to mono or polychemotherapy resistant 726 

profiles of choriocarcinomas. 727 

Blue and orange arrows indicate relationships leading to inhibition and activation, 728 

respectively, and yellow arrows indicate findings inconsistent with state of 729 

downstream molecule. For grey arrows, the effect is not predicted. 730 







 first-line monochemotherapy   polychemotherapy (EMA-CO or EMA-EP) 

 monochemoresistant monochemosensitive   polychemoresistant polychemosensitive 

n 14 9  18 14 

mean age (range), y 36.4 (26.5-54.7) 37 (25.5-50.8)  33.7 (19.6-45.2) 35.2 (22.4-54.7) 

median hCG (range), IU/L 28,875 (233-201,938) 14,422 (739-143,693)  61,670 (233-349,646) 109,135 (1,900-859,233) 

initial FIGO score      

median  (range) 5 (1-8) 3 (0-5)  8.5 (3-17) 8 (1-12) 

0-4 6 8  2 3 

5-6 7 1  4 3 

7-12 1 0  6 8 

≥13 0 0  6 0 

initial FIGO stage      

I 12 6  7 9 

II 0 2    

III 2 1  8 4 

IV 0 0  3 1 

index pregnancy      

delivery 5 0  10 5 

abortion or ectopic pregnancy 3 0  5 3 

hydatidiform mole 5 9  3 4 

not determined 1 0  0 2 

Interval from index pregnancy      

<4months 8 6  9 6 

4-6 months 3 3  1 5 

7-12 months 2 0  3 2 

>12 months 1 0  5 1 

median n of chemotherapy lines (range) 3 (2-6) 1 (1-2)*  3 (1-6) 1 (1-4) 

median n of courses of monochemotherapy 

(range) 
4 (3-8) 6 (3-9)  4.5 (4-8) 4 (4-5) 

median n of courses of the first 

polychemotherapy (range) 
5 (3-9) 0  6 (3-12) 6 (3-9) 

death (%), n 1 (7) 0  10 (55) 0 

Mean follow-up (range), month 49.7 (19.1-102.3) 17.06 (12.8-33.1)  30.9 (7.4-102.3) 34.2 (19.1-97.2) 

  



Table 1. Gestational choriocarcinoma-treated patients’ characteristics 

 

n, number; EMA-CO, etoposide, methotrexate, actinomycin D, cyclophosphamide and vincristine; 

EMA-EP, etoposide, methotrexate, actinomycin D, etoposide and cisplatin; range, min-max; y, 

year; hCG, human chorionic gonadotropin; IU/L, international units per liter; FIGO, Fédération 

Internationale des Gynécologues et Obstétriciens;  

 

FIGO stage I: disease is confined to the uterus, stage II: disease extends to the genital tract, stage 

III: disease is spread to lungs with or without extension to the genital tract, and stage IV occupies 

all other metastatic sites including liver, kidney, spleen, and brain. 

*1 patient was cured by actinomycin D after first-line methotrexate failure. 

 



 
 

 

 

 

 

 

 

 

 

Table 2. Choriocarcinoma samples used for transcriptomic profile comparisons 

aincluding 2 patients with 2 biopsies on distinct metastatic sites 

bincluding 1 patient with 2 biopsies on distinct metastatic sites 

 Resistant Sensitive 

Monochemotherapy (n) 34 choriocarcinoma 9 choriocarcinoma 

 14 patients resistant to upfront monochemotherapy 9 patients sensitive to upfront monochemotherapy 

 
18 patients resistant to upfront polychemotherapya 

 
 

Polychemotherapy (n) 20 choriocarcinoma 15 choriocarcinoma 

 
18 patients resistant to upfront polychemotherapya 

 

14 patients sensitive to upfront polychemotherapyb 

 



A. Post molar malignant transformation in choriocarcinoma 

gene name relative expression fold change FDR adjusted p-value 

CDKN1C 2,74 0,51 

SOS1 1,15 0,52 

CAMK2B 1,76 0,7 

JUN -3,24 0,7 

KLF4 -1,54 0,8 

   

B. Choriocarcinoma resistant to monochemotherapy 

gene name relative expression fold change FDR adjusted p-value 

HLA-G -9.19 0.01 

COL27A1 -3.65 0.02 

IL1R2 -4.95 0.02 

THEM4 1.55 0.02 

GLI3 -1.59 0.05 

PDGFA 1.75 0.05 

FLT1 -4.53 0.08 

IDH2 -1.8 0.08 

SMARCA4 -1.26 0.08 

CREB3L4 -1.33 0.09 

GNA11 -1.58 0.09 

IL2RB -2.55 0.09 

MSH2 1.56 0.09 

EPOR -2.22 0.11 

ITGA6 2.12 0.15 

SOS2 -1.72 0.15 

HIST1H3G -2.38 0.18 

SUV39H2 -1.86 0.21 

CACNA2D2 2.02 0.22 

   

C. Choriocarcinoma resistant to polychemotherapy 

gene name relative expression fold change FDR adjusted p-value 

SOS2 -1,61 0,07 

ERBB2 -2,44 0,08 

ITGA6 1,79 0,08 

LIFR -2,47 0,08 

GADD45G -2,75 0,09 

SFRP2 4,87 0,12 

BRAF -1,43 0,15 

IL2RB -2,26 0,15 

RPS6KA5 -2,16 0,15 

COL27A1 -3 0,17 

HDAC5 -1,83 0,18 

TCL1B -2,93 0,18 



Table 3. Differentially expressed genes according to extremely (<0.1) and low 

(<0.25) stringency false discovery rate (FDR) adjusted p-value thresholds. 

 

A- 14 complete hydatidiform moles with subsequent malignant transformation in 

choriocarcinoma were compared with 20 complete hydatidiform moles which 

were followed by hCG normalization without chemotherapy. 

B- 34 monochemoresistant were compared with 9 monochemosensitive 

choriocarcinoma samples  

C- 20 polychemoresistant were compared with 15 polychemosensitive 

choriocarcinoma samples 

 




